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Abstract

Do loss averse investors influence asset prices in the long run? In an economy
with heterogeneous investors those who are loss-averse can influence long run asset
prices only if they survive, and its not obvious that they can survive in the presence
of investors who do not exhibit loss aversion. This paper addresses these issues in a
dynamic asset market model in which arbitrageurs have Epstein-Zin preferences. Our
analysis shows that if loss aversion is the only difference in investors’ preferences, then
for empirically relevant parameter values, loss averse investors will be driven out of the
market and thus they do not affect prices in the long run. The selection process may
be slow in terms of wealth shares; but it can be effective in terms of price impacts,
because of endogenous withdrawal by loss averse investors from the stock market. We
also show that if investors have differing elasticities of intertemporal substitution or
time patience parameters, loss averse investors can survive and affect prices in the long
run.
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1 Introduction

The behavior of individuals in experiments is sometimes inconsistent with those individuals
being well described as expected utility maximizers with correct expectations. Similarly,
aggregate outcomes in asset markets are sometimes inconsistent with the predictions de-
rived from (correct) expected utility maximizers interacting in a well functioning market.
These observations have motivated the study of various alternative decision theories. One
particularly interesting alternative theory studied in the recent behavioral finance literature
is loss aversion which is a salient feature of prospect theory. Researchers have found that
loss aversion helps to explain many financial phenomena, including the high mean, excess
volatility and predictability of stock returns (e.g., Barberis, Huang and Santos, 2001); the
value effect (Barberis and Huang, 2001); and, the GARCH effect in stock returns (McQueen
and Vorkink, 2004).

Studies of the impact of loss aversion on markets are typically conducted in representa-
tive agent frameworks in which there is only one investor or equivalently all investors are
identical.! This research has produced valuable insights into the potential for loss aversion
to explain asset market puzzles, but it has a serious limitation. In particular, there is no
trade, as there is no one to trade with in the economies studied in this literature. Its not
just the absence of trade that is troubling, rather its whether the trade that would occur
between heterogeneous individuals would dampen or even eliminate the impact of loss-averse
traders on market outcomes. Recent research on market selection in economies composed of
expected utility maximizers with heterogeneous beliefs (Sandroni (2000), Blume and Easley
(2006)) shows that selection forces are important and cannot be ignored. This literature
shows that under reasonable conditions, traders with incorrect beliefs are driven out of the

market by those with correct beliefs, and as a result asset prices are eventually correct. That

'E.g., Benartzi and Thaler (1995). Barberis and Huang (2001, 2007, 2009), Barberis, Huang and Santos
(2001), McQueen and Vorkink (2004), Griinea and Semmler (2008).



is, aggregate outcomes converge to those that would be predicted by well functioning mar-
kets composed only of expected utility maximizers with correct expectations. If investors
who are not loss-averse and who have correct beliefs also drive loss-averse investors out of
the market, and do so quickly, then loss-averse investors do not affect long run prices. This
concern led Barberis and Huang (2009, p 1567) to caution that one should interpret the
equity premium obtained in their representative agent model as “an upper bound on the
equity premium that we would obtain in a more realistic heterogeneous agent economy.”

In this paper we answer the question of whether loss averse investors can survive and
influence long run prices. We analyze a heterogeneous agent economy with two (classes of)
investors and two tradable assets—a risk-free bond and a risky stock. Both investors have
recursive preferences. The first investor, labeled the EZ-investor, has Epstein-Zin preferences
(Epstein and Zin, 1989) and she represents “rational investors” or “arbitrageurs”. We use
Epstein-Zin preferences in order to make this rational investor directly comparable with our
second, loss-averse investor. The second investor is called the LA-investor, and he has a
recursive preference representation proposed by Barberis and Huang (2007, 2009).> The LA-
investor departs from the EZ-investor in the way he evaluates his investment in the stock
market: he derives utility from investing in the market both indirectly, via its contribution
to his lifetime consumption, and directly, via its resulting fluctuations in his financial wealth,
and he is more sensitive to losses than to gains (loss aversion).

We have two main results. First, if investors only differ in whether they are loss averse
or not, the LA-investor will be driven out of the market and will have no impact on asset
prices in the long run for economies with empirically relevant parameter values (see Section
4). The selection process is slow in terms of wealth shares. For example, in calibrated
economies, after 100 years, the LA-investor, on average, retains more than half of his initial

wealth share. However, the selection mechanism is effective in terms of price impacts, as the

2Throughout this paper, we will use “she” /“her” to refer to the EZ-investor and use “he”/“him” to refer
to the LA-investor.



LA-investor optimally chooses not to purchase the risky asset, leaving the equity premium
to be determined by the EZ-investor.

Second, loss aversion, the elasticity of intertemporal substitution parameter (EIS hence-
forth) and the time-patience parameter all matter for survival. In particular, a LA-investor
with a larger EIS parameter or time-patience parameter can survive in the presence of an
EZ-investor (see Section 5). We find that small differences in these parameters determining
intertemporal behavior can easily offset the negative effects of loss aversion. For instance, in
a calibrated economy, a difference in the time-patience parameter of two percent can result
in the long run dominance of the LA-investor. This second set of results quantifies the effect
of the difference in investors’ preferences on survival and asset prices.

The first result — that if loss aversion is the only difference in investors’ preferences,
the LA-investor vanishes — is driven primarily by the endogenous difference in investors’
equilibrium portfolio choices. Previous studies on market selection among expected utility
maximizers show that when the saving rate is fized, the closer an investor’s utility is to log
utility, the higher is his/her expected wealth growth rate (De Long, Shleifer, Summers, and
Waldman, 1991; Blume and Easley, 1992). Our analysis shows that this insight holds for
recursive preferences in a general equilibrium setting. Under empirically plausible parameter
values, the EZ-investor is more risk averse than the log utility, but the nature of loss aversion
makes the LA-investor act as if he is even more risk averse than the EZ-investor, and therefore
further from the log utility investor. Thus, the LA-investor vanishes. This result is proven
in Subsection 4.2.

Although the intuition for this first result comes from the previous literature, the analysis
is nonetheless complex because of the dynamic portfolio choice and savings decisions that our
investors face. In particular, the result does not follow immediately from the previous liter-
ature as loss aversion causes the LA-investor’s saving behavior to be endogenously different
from the EZ-investor’s, which might affect the LA-investor’s survival prospects. Subsection

4.3 demonstrates that this loss-aversion-induced difference in savings cannot overcome the
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LA-investor’s disadvantage from his portfolio choice. Whether the LA-investor saves more
or less than the EZ-investor depends on the common value of their EIS. When the common
EIS is greater than one, the intertemporal substitution effect is the dominant force deter-
mining the investor’s saving behavior. The presence of loss aversion makes the LA-investor’s
future prospects less attractive relative to those of the EZ-investor, thereby causing him to
save less, which in turn further hurts his survival prospects. When the common EIS is less
than one, the income effect dominates, and because the presence of loss aversion reduces
the LA-investor’s future prospects, this income effect implies that he consumes less and thus
saves more than the EZ-investor. However, the difference in their savings rates declines with
the wealth share controlled by the EZ-investor. This follows from the fact that as the EZ-
investor controls more wealth, her lower saving rate raises the risk-free rate, which in turn
increases the current consumption of the LA-investor, as the riskless asset is his primary
investment vehicle (this in turn follows from the kink at his preferences). As a result, when
the LA-investor’s wealth erodes because of his adverse portfolio decisions, his saving rate
decreases as well, which further drags down his wealth accumulation.

The second result — that the LA-investor can survive if he has a larger EIS parameter
or time-patience parameter than the EZ-investor — follows from the endogenous difference
in the investors’ saving behaviors. The intuition is straightforward: When the LA-investor
has a larger EIS parameter or time-patience parameter, his saving rate is larger than that
of the EZ-investor. This favors his long run survival. For example, in a calibrated economy,
when the EZ-investor’s EIS takes a value of 0.5, it is sufficient for the LA-investor to have an
EIS of 0.7 to dominate the market, as this difference in EIS generates a difference in saving
rate of almost two percent. Similarly, the LA-investor’s disadvantage (for survival) induced
by his portfolio decisions can be overturned if his time-patience parameter increases by two
percent. This result echoes Yan (2008) which shows that in a dynamic model populated
with CRRA investors, a slight difference in the patience parameter makes it possible for an

investor with incorrect beliefs to dominate the market, even if his beliefs persistently and



substantially differ from the truth.

The remainder of this section reviews the relevant literature relevant. Section 2 outlines
the model, and Section 3 characterizes the equilibrium. Section 4 demonstrates the implica-
tions for survival and price impact of loss aversion when it is the only difference in investors’
preferences. Section 5 discusses its implications for survival when investors also have different
EIS parameters or time-patience parameters. Section 6 concludes. The appendix provides
the first-order conditions characterizing investors’ decisions for the case of unit EIS and the

details of the numerical algorithm.

Literature

This paper contributes to two strands of literature. The first is the market selection
literature, which studies what types of investors survive and have a price impact in a dynamic
economy. So far, this literature has primarily focused on selection over beliefs and not over
preferences.> Although the idea of market selection dates back to the early 1950s (Alchian,
1950; Friedman, 1953), rigorous analysis of this idea has only recently been done. De Long,
Shleifer, Summers, and Waldman (1991) are the first who cast doubts on the idea of market
selection. They rely on partial equilibrium analysis and show that investors with incorrect
beliefs can survive. Blume and Easley (1992) show that incorrect beliefs can be an advantage
for survival in models with endogenous asset prices but exogenous savings decisions. Sandroni
(2000), Blume and Easley (2006) and Yan (2008) endogenize both savings and portfolio
decisions and show that only investors with beliefs closest to the objective probabilities
will survive in economies with bounded aggregate endowments. Kogan, Ross, Wang, and
Westerfield (2009) demonstrate that in economies with unbounded endowments, investors
with incorrect beliefs may survive.

Investors in all of the above models have time-separable utility functions. Borovicka

30ne exception is Condie (2008), which analyzes the market selection problem for an economy populated
with ambiguity averse investors and expected utility investors.



(2009) has recently studied the belief-selection problem in an economy with Epstein-Zin
preferences and found that agents with distorted beliefs are not driven out of the market
for an empirically relevant range of parameters. Other studies on market selection consider
issues related to incomplete markets (Coury and Sciubba, 2005; Sandroni, 2005; Blume and
Easley, 2006; Gallmeyer and Hollifield, 2008; Cao, 2009), imperfect competition (Palomino,
1996; Kyle and Wang, 1997), comparison of trading rules (Blume and Easley, 1992; Amir,
Evstigneev, Hens and Schenk-Hoppé, 2005; Bshm and Wenzelburger, 2005), and asymmetric
information and learning (Mailath and Sandroni, 2003; Sciubba, 2005; Cogley and Sargent,
2009). Instead of studying belief selection, this paper analyzes preference selection in fric-
tionless and complete market economies, and it is the first study on the market selection
problem between loss aversion and Epstein-Zin preferences.

The second strand of related literature considers the role of loss aversion in determining
trading behavior, asset prices and trading volumes. Loss aversion, that investors are more
sensitive to reductions in the value of their financial wealth than to gains, is a key feature
of prospect theory which was introduced by Kahneman and Tversky (1979). Berkelaar,
Kouwenberg and Post (2004), Gomes (2005) and Kyle, Ouyang and Xiong (2006) study the
optimal portfolio choice problem under loss aversion. Benartzi and Thaler (1995) were the
first to use loss aversion to explain the equity premium puzzle. Barberis, Huang and Santos
(2001) extend Benartzi and Thaler’s setting to a dynamic model and find that combining loss
aversion and the “house-money effect” helps to explain the behavior of the aggregate stock
market. Barberis and Huang (2001) find that loss aversion is also useful in understanding
the value effect in the cross-section of stock returns. Griinea and Semmler (2008) study a
production economy and find that a model incorporating loss aversion can match data much
better than pure consumption-based asset-pricing models. McQueen and Vorkink (2004)
show that loss aversion helps to explain the asymmetric GARCH properties of stock returns.
Barberis and Huang (2007, 2009) propose a preference specification that incorporates both

loss aversion and narrow framing and study its applications in portfolio choice and asset
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pricing.

All of the above-mentioned asset-pricing models are conducted in a representative agent
framework. Gomes (2005), Gabaix (2007) and Berkelaar and Kouwenberg (2009) explore
the interaction between loss averse investors and expected utility maximizers. However, all
three studies have a finite horizon model and are therefore unable to answer the question of

whether loss averse investors survive and affect prices in the long run.

2 The Model

We analyze a pure exchange economy with one perishable consumption good, which is the
numeraire. Time is discrete and lasts forever: ¢ = 0,1,2,.... There are two assets — a
risk-free bond and a risky stock. The bond is in zero net supply and earns a gross interest
rate of Ry, between time ¢ and ¢ + 1. The stock is a claim to a stream of the consumption
good represented by the dividend sequence {D;};°,. It is in limited supply (normalized to
1) and is traded in a competitive market at price P,. Let f; = 5% and Ry = P“%tDt“ be
the price-dividend ratio at time ¢ and the gross return on the stock between time ¢ and t+1,

respectively.

The dividend growth rate 6,,; £ DLT is 7.7.d. over time and follows a distribution given
by
Oy, with probability 7y,

b1 = (1)
01, with probability 7,

with 0 < 0, <0y, 0 <7y <1and 7, =1 — my. We use a binomial distribution for the
dividend growth rate process so that the two tradable assets induce a dynamically complete
financial market. This ensures that our results on survival are driven by the difference
in investors’ preferences and not by any assumed incompleteness in the financial-market
structure. The market structure is important as whether the market-selection argument is

valid depends crucially on the completeness of financial markets (see, among others, Blume



and Easley, 2006; Cao, 2009).

We follow the literature in assuming that the aggregate consumption and aggregate div-
idends are equal.* Under this assumption, even a representative agent economy with loss-
aversion preferences cannot match the historical equity premium,® as the equilibrium stock
returns are not volatile enough to induce the loss averse investor to abandon the stock mar-
ket. We have extend our analysis to a three-asset setting which is capable of generating the
historical equity premium via a combination of loss aversion and narrow framing, and have
found that all our main results hold in this extended model. To focus on our selection results
in the most transparent setting, this extension is not reported in the paper (the results are
available upon request).

The economy is populated by two (classes of) investors, who are distinguished by their
preferences. The first investor, labeled the FEZ-investor, derives utility from intertemporal
consumption plans according to Epstein-Zin preferences (Epstein and Zin, 1989). The sec-
ond investor, labeled the LA-investor, is the investor emphasized in the behavioral finance
literature, see Benartzi and Thaler (1995), Barberis, Huang and Santos (2001), Barberis,
Huang and Thaler (2006) and Barberis and Huang (2007, 2009). This investor gets utility
not only from consumption but also from fluctuations in the value of his stock holdings, and
he is loss averse over these fluctuations.

We use the preference specification developed by Barberis and Huang (2007, 2009) to
describe the LA-investor’s preferences. According to this specification, the EZ-investor’s
preference is simply a degenerate case of the LA-investor’s preference, where the parameter
controlling the term related to loss aversion is set to be zero. Thus, this preference specifi-
cation allows us to isolate the impact of loss aversion on the LA-investor’s wealth dynamics

(survival) and asset prices.

4For consumption-based models, see, among others, Lucas (1978) and Mehra and Prescott (1985); for
models studying loss aversion, see, among others, Gomes (2005) and Berkelaar and Kouwenberg (2009).
®See the first economy studied by Baberis, Huang and Santos, 2001, and Subsection 4.1 below.



We choose Epstein-Zin preferences to represent arbitrageurs for two reasons. First,
Epstein-Zin preferences allow us to separate the risk-aversion parameter and the elastic-
ity of intertemporal substitution parameter. These two parameters presumably have very
different roles in determining investors’ survival prospects, as the existing market-selection
literature suggests that portfolio decisions, which are more related to risk aversion, and
saving behaviors, which are more related to EIS, affect survival in different ways. Second,
Epstein-Zin preferences deserve more serious investigation on their own, as the recent liter-
ature has shown that Epstein-Zin preferences help to explain many salient features of the
financial market.°

Given that the LA-investor’s preference nests the EZ-investor’s preference, we write a
uniform preference formulation for both investors as follows. The time ¢ utility of investor i

(=EZ, LA) is given by

Uip = H; [Cig, pt; (Ui pga|Ie) + 0By [v (Giggr)]] (2)

)

where bpy; = 0 and bps > 0. Here, H; (-,) is the aggregator function, which combines
current consumption C;; and the certainty equivalent of future utility to generate current
utility U; ;. It takes the form
1— B,)CP + B XPMP0 | 304 p; < 1,
H; (C,X) = ( ) | 7 (3)
where 0 < 3, < 1 is investor ¢’s time patience parameter. Parameter p, determines the
investor’s elasticity of intertemporal substitution: E1S; =1/ (1 — p,).

Function p; (U;4+1|1;) is the certainty equivalent of the random future utility U; ;41 con-

6See Tallarini (2000), Bansal and Yaron (2004), Campanale, Castro, and Clementi (2007), Uhlig (2007),
Gomes and Michaelides (2008), and Guvenen (forthcoming), among others.
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ditional on time t information I;, and it has the form

ity = § ORI A0 A G o
exp[E;(log (U)], if ¢; =0,
where E; () = E (-|I;) is the expectation operator conditional on information I; and where
parameter (; determines the investor’s risk attitude toward aggregate future utility, as the
implied parameter RA; = 1—(, is the investor’s relative risk aversion coefficient. We assume
that the investors have correct beliefs so that we can focus on the effects of differences in
loss aversion.

Up to this point, the investor’s preference is entirely standard. What is non-standard
is that a new term, b;E; [v (G;+41)], is added to the second argument of H; (-,-), allowing
the investor to get utility directly from the performance of investing in the stock. This term
captures the non-consumption utility that the agent derives directly from the specific gamble
of investing in the stock rather than just indirectly via this gamble’s contribution to the next
period’s wealth and the resulting consumption; the latter effect has already been captured by
the certainty equivalent function, p,; (U, ¢41]1;). To ease exposition, we refer to this new term
as loss aversion utility, and its components — parameter b;, argument G;;11, and function
v (-) — are further specified as follows.

First, parameter b; determines the relative importance of the loss aversion utility term in
the investor’s preference. For the EZ-investor, bgz = 0, meaning that she derives no direct
utility from financial wealth fluctuations. For the LA-investor, b4 > 0, meaning that, to a
certain extent, his utility depends on the outcome of his stock investment over and above
what that outcome implies for total wealth.

Second, variable (41 defines the gamble that investor ¢ is taking by investing in the
risky stock. Specifically, let W;; be investor ¢’s wealth at the beginning of time ¢, and let

si+ be the fraction of post-consumption wealth allocated to the stock. Then this investment
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portfolio provides the investor with a gamble represented by
Giry1 = sig (Wi — Cig) (Rey1 — Ryy), (5)

that is, the amount invested in the stock, s;; (W;; — C;;), multiplied by its return in excess
of the risk-free rate, R;.1 — Ry;. As is standard in the literature (e.g., Barberis and Huang,
2001, 2007, 2009; Gomes, 2005; Barberis and Xiong, 2009), the risk-free rate, Ry, is assumed
to be the “reference point” determining whether a particular outcome is treated as a gain
or a loss: as long as s;¢ > 0, the stock’s return is only counted as a gain (loss) if it is larger
(smaller) than the risk-free rate.
Finally, function v (-) determines how the investor evaluates gains and losses. We follow
Barberis and Huang (2007, 2009) in assuming that v (-) is a piecewise-linear function:
G, ifG>0,
v(G) = (6)
MG, it G <0,
with A > 1. This function assigns positive utility to gains and negative utility to losses.
More importantly, it assigns greater negative utility to losses than positive utilities to gains
of the same magnitude. This feature is known as “loss aversion” in the literature, and it
is the behavioral bias that the LA-investor exhibits. Parameter A controls the degree of
loss aversion: a one-dollar loss brings the investor A > 1 units of negative non-consumption
utility, while a one-dollar gain brings him only one unit of positive non-consumption utility.
To summarize, the economy is characterized by the following two group of exogenous
parameters: (i) technology parameters: g, 0, 7y and 7p; and (ii) preference parameters:
bra, A {Bi pisCiti—pza- The technology is defined by equation (1), and the preferences
are defined by equations (2)-(6).
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3 Equilibrium

We consider Markov equilibria in which price-dividend ratios, the risk-free rate, and the
optimal consumption and portfolio decisions are all functions of a state variable and in
which the state variable evolves according to a Markov process. The Markov state variable

wy is the LA-investor’s wealth as a fraction of aggregate wealth:

B Wrat
Wiar +Wezy

(7)

Wy

Intuitively, w; captures the state of the economy, because it determines the strength of the
pricing impact of the LA-investor’s trading behavior. The reason that we can summarize the
state with a single variable is that the preferences of investors are homogeneous in wealth.

A Markov equilibrium is formally defined as follows.

Definition 1 An equilibrium consists of (i) a stationary price-dividend ratio function, f :
0,1] — Ry, (i) a risk-free rate function, Ry : [0,1] — Ry, (#4) a pair of consumption
propensity functions,” apy : [0,1] — [0,1] and agz : [0,1] — [0,1], () a pair of stock
investment policies, spa : [0,1] — R and sgz : [0,1] — R, and (v) a transition function of
the state variable, w : [0,1] x {0g,0L} — [0,1], such that

(i) the consumption policy functions and the portfolio policy functions maximize investors’
preferences given the distribution of the equilibrium return processes;

(ii) good and securities markets clear; and

(#i) the transition function of the state variable is generated by investors’ optimal decisions

and the exogenous consumption growth rate process (i.e., equation [1]).

We next go through investors’ decision problems and the market clearing conditions to

construct such an equilibrium.

"Consumption propensity is the ratio of consumption over wealth.
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3.1 Investors’ Decisions
Investor ¢ chooses consumption C;; and the fraction of post-consumption wealth allocated

to the stock s;; to maximize

Uit = H;i [Cis, pt; Uil Ly) + bi By [v (Gipg1)]]

)

subject to the definition of capital gains/losses in stock investment

Gi,t—i—l = Sit (Wi,t - Ci,t) (Rt—H - Rf,t)

and to the standard budget constraint

Wz’,t—i—l = (VVz’,t - Ci,t) Mi,t+17

where

M1 = Ry + 50 (Rey1 — Ryy) (8)

is the gross return on the investor’s portfolio, and functions H; (-, -), y; (+), and v (-) are given
by equations (3), (4), and (6), respectively.

For brevity, we only derive the first-order conditions characterizing the investor’s optimal
decisions for the case of a non-unit EIS (i.e., for the case of p, # 0 in the aggregator function
H; (-,-)). The first-order conditions for the case of a unit EIS are relegated to Appendix A.

The Bellman equation of the investor’s problem is

Uia

)

Ji (Wi,t7 [t)

- o [(1 - ﬂi)cﬁ + B [ (J (Wiggr, Ier) |12) + bi By (v (Gi7t+1>>]m]1/ﬂi .

Cit,8it

Because functions H; (-, ), i, (+), and v (-) are all homogeneous of degree one, the indirect
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value function J; (W4, I;) is also homogeneous of degree one:
Ji (VVi,t7 It) =A; (It) Wi,t = Ai,tVVi,t-

Therefore,

pi 1/p;

(Aiprr M |1
A Wiy = max (1= ,)CF; + B; (Wi — Ciy)” 1 (Ai g1 M| 1) |

Cersie +0i By [v (554 (Rip1 — Ryy))]

which implies that the consumption and portfolio decisions are separable.

In particular, the portfolio decision is determined by

B}, = max [p; (Ai 1 Mi g |Ly) + biEy [v (i (Ripa — Ry))l] (9)

Si,t

and after defining the consumption propensity as
Q= Ci,t/VVi,ta
the consumption decision is made based on

Aip = max [(1 - B)als + B (1 — aw) (Bi)"] V" (10)

Qi t

The first-order condition for optimal consumption propensity «;, is®

B _ 1 _ﬁi 1/p; O‘:,t 1-1/p; (11)
v B; 1 - Qg ‘

8 All of the first-order conditions of the investor’s problem are both necessary and sufficient, as the objective
functions are concave.

15



Combining equations (10) and (11) delivers
e \1=1/p;
A= (1~ ﬁi)l/pl (ai,t) v )
which, by the recursive structure, in turn implies

. \1-1/p
A= (1- ﬁi)l/p’ (ai,t+1) o (12)

Substituting equations (11) and (12) into equation (9) gives the following single program,

which summarizes the investor’s consumption and portfolio decisions:

1- 5, 1/p; O‘zt 1-1/p; 1 |:(1 _ ﬁi)l/ﬂz‘ (a:tJrl)l_l/pi Mi,t+1|lt
B— a—— = max (13)

- O‘zt St +b,E [v (Si,t (Rev1 — Rf,t))]

As a consequence, solving the investor’s partial-equilibrium problem boils down to solving a
fixed-point problem defined by the first-order condition and the value function of the above
maximization problem. Specifically, in the Markov equilibrium, the investor’s consumption
policy and investment policy are both functions of the state variable w;. The first-order
condition and the value function of program (13) thus form a system of two equations with
these two unknown functions s; () and «; (+). Given the equilibrium asset return processes
(Ryt1 and Ry;), these partial equilibrium optimal policies can be computed from this system.

It needs certain carefulness to derive the first-order conditions for the portfolio choice,
as the utility function, v (-), the function that the investor uses to evaluate gains/losses, is
not differentiable everywhere but instead has a kink at the origin. As will become clear in
the subsequent analysis, it is this non-differentiability at the origin that is responsible for

the non-participation of the LA-investor in the stock market. Formally, the optimal stock
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investment s;, is characterized by the following conditions:”

FOC; +

. 1-1/p)C; 4 4Cs 1/¢-1 1-1/p)C; 4 7Cim1
=(1- Bi)l/pl [Et (az(’,t-i-l/pZ)ClMZ%H-l)] Ey [az(‘,t-i-l/pZ)ClMl%-&-l (Rir1 — Ryy) (14)

+szt ['U (Rt+1 — Rf,t)]

=0, for s7, >0,
FOC;

, 1-1/p)C; A 4Cs 1/¢-1 1-1/p)C; 4 7Ci—1
=(1- Bi)l/pl [Et (az(',tﬂ/p%Mz%H)] Ey [Oéz(',t—i-l/pZ)Cle%—&-l (Riv1 — Ryy) (15)

—b;Ey [v (Rf,t — Ryiy1)]
=0, for s7, <0,
FOC; <0and FOC; - >0, for s, = 0. (16)

In particular, as for the EZ-investor, the expressions of FOC; ; and FOC; _ are the same

because bgz = 0. Therefore, her first-order conditions are reduced to the following equation:

By |0 575 i (Rusa = Ryy)| =0, (17)

3.2 Stock Prices and Wealth Dynamics

In this subsection, we rely on market-clearing conditions to derive the expression of price-

dividend ratios f; = P,/D, and the evolution of the state variable w.

9To be precise, the conditions apply to the case of a non-unit risk aversion, i.e., they are true when RA; # 1
or ¢; # 0 in the certainty-equivalent function x (-). As for the case of a unit risk aversion, simply replace the

first terms with (1 — ﬂi)l/p’i e(1=1/pi) Erlog(ay 1)+ Bt log(Miei1) p, (mﬁiff’t), which can be obtained from

the limiting formula, lim¢ o [E; (2%)] VS _ oBillog(a)] |
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The good market-clearing condition is

Cgzt+Cras = Dy. (18)

Using the definition of consumption propensity, we can express the consumption levels as

products of consumption propensity functions and individual wealth levels:

CEZ,t = Qg7 (wt) WEZ,t and OLA,t =ara (wt) WLA,t-

Then, substituting the above expressions into the good-market clearing condition gives

apz (W) Weze + apa (we) Wpay = Dy (19)

Let W, = Wiz, + Wra, be the aggregate wealth of the whole economy at time ¢. Recall
that the definition of w; in equation (7) implies that Wgz; = (1 —w;) Wy and W, = w,Ws.

Therefore, equation (19) becomes

gz (wi) (1 —wy) + apa (we) w] Wy = Dy,

which implies
W, — = (20)
YT agy (we) (1 —wy) + apa (W) wy

Because the bond is zero net supply, and the stock has a net supply of one share, the

aggregate economy wealth is also equal to the stock price plus its dividend:

Wt - Pt ‘l‘ Dt- (21)
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Combining equations (20) and (21) gives the price-dividend ratio function:

B (1 —wy) apz (wy) 1 —apz (wy)
flo = (1 —wy) apz (wi) +wiapa (W) apz (W)
wiorpa (We) 1 —apa(we)

_|_

(1 - wt) Opz (Wt) + Wi (wt) QA (wt) (22)

Equation (22) says that the price-dividend ratios in the heterogeneous agent economy

l1—apz(we) and 1—apa(wt)

are equal to a weighted average of two terms: a2 () IO

. In fact, the expres-
sions of these two terms correspond to the price-dividend ratios in the representative agent
economies populated only by the EZ-investor and by the LA-investor, respectively.!’ So,
roughly speaking, the price-dividend ratios in a heterogeneous economy is the weighted av-
erage of the price-dividend ratios in representative agent economies, although the weight is
not simply the wealth share but is instead a rather complicated expression related to the
wealth share and investors’ optimal consumption policies.

Given the price-dividend ratio function f; = f (w;) and the Markov structure of the

state variable evolution w;1 = w (wy, 0441), the distribution of stock returns R;;; also has a

Markov structure and is determined by

Piyi+Dir Poi/Dian + 1D f(w (Wi, 0141)) +

1
p~ PB/D. D, f (wy) P (29)

R(Wt,9t+1) = Ry =

We now turn to examine how the state variable, w;, evolves over time. The gross return

to the LA-investor’s optimal portfolio is

Mpa(wi,0e1) = Mpagr = Ryp + 8pay (Repr — Rye)

(24)
= Ry (wi) + spa (we) [R(we, Oi1) — Ry (wi)] -

10To see this, note that, in a representative agent economy, the agent holds the whole share of the stock
and consumes the entire dividend, which means that «; W,y = oy (Pr+ Dy) = D, and thus P,/D; =

(1—ayy) foy.
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Therefore, the LA-investor’s next period wealth is

Wiattr = [1—apa(we)] WrasMpa (w, 041)

_ 1 — apa (wi)] weMpa (we, Or41) D, (25)

apz (W) (1 —wy) + apa (W) wy

where the second equation follows from Wi 4; = w;W; and equation (20).

Applying equation (20) one period forward gives

Diyy

Wi = . 26
T gy (Wir1) (1 = wig1) + apa (Wer1) Wi (26)
Combining equations (25) and (26) and recalling the definition of w;; = W%;“ and 0,1 =
Diy1
Tt’ we have
[T —=apa(wp)]wiMpa (we, 041) [apz (Wir1) (1 —wi1) + apa (W) Wi
Wiyl = ) (27)

lapz (W) (1 —wy) + apa (W) we] G410

which implicitly determines the evolution of w;: wy11 = w (wy, O441)-
Finally, substituting Wgz; = (1 —w:) Wi, Wras = wW; and equation (20) into the

stock-market clearing condition,

P, = S*EZ,t (1 - a*EZ,t) Wez: + SEA,t (1 - O‘EA,t) Wrayg,

we link investors’ policy functions to the price-dividend ratio function as follows:

spz (we) [1 — apz (w)] (1 —wy) + spa (wi) [1 — apa (wi)] wy
apz (W) (1 —wy) + apa (we) wy '

f(we) = (28)

To summarize, computing the equilibrium is involved with solving the seven unknown
functions, f (-), Rf(:), ara(:), apz(:), spa(-), sgz(-), and w(+,-) from the system formed

by equations (13)-(16), (22)-(24), (27) and (28). This system consists of seven independent
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equations: two value functions (equation [13]), two first-order conditions (equations [14]-
[16]), two market clearing conditions (equations [22] and [28]), and a state variable evolution
function (equation [27]). Equations (23) and (24) are intermediate steps for calculating the
wealth dynamics.

Two remarks are in order. First, although the market is complete in the present project,
the standard Pareto efficiency technique commonly used in the market-selection literature
(e.g., Blume and Easley, 2006; Yan, 2008; Borovicka, 2009; Kogan, Ross, Wang and West-
erfield, 2009) cannot be applied here, as the LA-investor’s preference depends not only on
the intertemporal consumption plans but also on the endogenous stock return process per
se, thereby making it necessary to explicitly solve the equilibrium. We therefore develop an
algorithm based on Kubler and Schmedders (2003) to compute the Markov equilibrium and
use simulations to analyze the survival and price impact of the LA-investor. The details of
the algorithm are delegated to Appendix B.

Second, our analysis ignores the issue of the existence and uniqueness of the equilibrium.
As is well-known in the literature, it is hard to establish the general results on the existence
and uniqueness of the equilibria in heterogeneous agent models. Therefore, in the present
paper, we simply start the analysis under the assumption that an equilibrium exists and
use numerical methods to find this equilibrium. Rigorously speaking, a numerical method
can never find the exact equilibrium; what it finds, if any, is the “e-equilibrium” defined by
Kubler and Schmedders (2003), who interpret the computed e-equilibrium as an approximate
equilibrium of some other economy with endowments and preferences that are close to those

in the original economy.
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4 Implications of Loss Aversion for Survival and Price
Impacts

In this section, we first analyze the representative agent economies, that is, economies pop-
ulated by homogeneous investors (see Subsection 4.1). This analysis serves two purposes.
First, it verifies the result that loss aversion raises equity premiums, which is well-known in
the literature (e.g., Benartzi and Thaler, 1995; Barberis, Huang and Santos, 2001). Second,
it provides a useful springboard for our analysis of the heterogeneous agent economies, as
it helps to develop the intuition for how loss aversion changes an investor’s investment and
saving behaviors.

We then move to the more realistic economies populated by both the EZ-investor and the
LA-investor and apply the algorithm in Appendix B to numerically compute the equilibrium
price functions, f (-), Ry (+), policy functions, o (+), gz (+), spa (+), sgz (+), and the state
variable transition function, w(+,-). We use simulations to show how loss aversion affects
the investor’s survival and pricing impact via portfolio decisions in Subsection 4.2 and via
saving behaviors in Subsection 4.3. To isolate the role of loss aversion in determining the
investor’s survival prospects, in these two subsections, we assume that both investors have
otherwise identical preferences except that the LA-investor derives loss aversion utility and
the EZ-investor does not.

Before solving the models, we need to calibrate the parameter values. Because we are
interested in the implications of preferences, we allow the preference parameters to vary
over a certain range while fixing the four technology parameters in equation (1) for all
computations and simulations. We interpret one period as one year and follow Mehra and
Prescott (1985) in setting 7y = 7, = 1 so that the economy is in booms and recessions

with equal probability. Based on the data spanning the 20th century, the historical mean

and volatility of the log consumption growth process are 1.84% and 3.79%, respectively (see
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Barberis and Huang, 2009). To match these two moments, we set 65 = 1.06 and 6, = 0.98.

Table I summarizes our choice of technology parameters.

TABLE I ABOUT HERE

4.1 Representative Agent Economy

In this subsection, we assume that the EZ-investor and the LA-investor have identical pref-
erences; that is, gy = B4 =5, ppz = pra =0, Cpz =Cra =Cand bz =bra =b. Asa
result, the economy is the well-studied representative agent economy.

In this case, the representative agent has to hold the stock in equilibrium, so that the
first-order condition given by equation (14) with M;;.; = Ry defines the optimality of
the investor’s investment decision. As mentioned in the discussions after equation (22), the
good-market clearing condition links the price-dividend ratios f; to the optimal consumption
policy «; as follows:

1— oy

Di=(1—a)(P+D) = f = . (29)

Qi

Therefore, equations (13), (14) and (29) define a system for three unknowns: f;, oy and Ry,.

Given the i.7.d. investment opportunities, we conjecture that

(ftaataRf,t) = <f7a7Rf) ) Vt. (30)

The problem can be easily solved using any non-linear solver.

Table II reports the equilibrium equity premiums, risk-free rates and consumption policies
for a variety of combinations of preference parameter values. For all combinations, we
hold constant the time patience parameter § and the relative risk-aversion coefficient RA:
B =098 and RA =1 (or ( =0). The choice of /5 is motivated to match the low level of the

risk-free rate. When EIS is equal to one (i.e., p = 0) and when there is no loss aversion utility
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(i.e., b = 0), setting RA = 1 or ¢ = 0 reduces the investor’s preference to an expected log
utility, which is an important benchmark case that the market-selection literature has been
focusing on (Breiman, 1961; Hakansson, 1971; De Long, Shleifer, Summers, and Waldmann,

1991; Blume and Easley, 1992).

TABLE IT ABOUT HERE

Panels A, B and C correspond to different values of EIS: EIS =1 (p = 0), FIS =
05 (p = —1) and EIS = 1.5 (p = 1/3). To check the role of loss aversion, in each
panel, parameter b, which controls the relative importance of the loss aversion utility in
the investor’s preference, is set at three different values: b = 0, b = 0.02 and b = 0.2, and
parameter A, which determines the degree of loss aversion, is set at two values: A = 2.25
and A\ = 3. When b = 0, the investor’s preference does not exhibit loss aversion, and this
economy has been well studied in the literature (e.g., Weil, 1989). When b > 0, the investor’s
preference exhibits loss aversion; such an economy is the focus of behavioral finance, such as
Benartzi and Thaler (1995), Barberis, Huang and Santos (2001), and Barberis and Huang
(2007, 2009). In particular, for both positive values of b in the table, 0.02 and 0.2, the
investor’s attitudes to independent large monetary gambles are sensible in the sense that
both parameterizations of the investor’s preference satisfy Barberis and Huang’s condition
L (2007, p 217); moreover, when b = 0.02, the investor’s attitude to independent small
monetary gambles is also sensible; that is, the parameterization corresponding to b = 0.02
satisfies Barberis and Huang’s condition S (2007, p 219).!! The choice of A = 2.25 is based

on the estimation of Tversky and Kahneman (1992).

1 The literature cares about investors’ attitudes to independent monetary gambles, as it was, in part, the
difficulty that researchers encountered in reconciling the equity premium with these attitudes that launched
the equity premium literature in the first place. Barberis and Huang’s (2007) condition L is: “An individual
with wealth of $75,000 should not pay a premium higher than $15,000 to avoid a 50:50 chance of losing
$25,000 or gaining the same amount.” Their condition S is: “An individual with wealth of $75,000 should
not pay a premium higher than $40 to avoid a 50:50 chance of losing $250 or gaining the same amount.”
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Three notable patterns show up in Table II. The first pattern regards the equity pre-
mium. In all three panels, when b = 0, that is, when loss aversion is absent in the investor’s
preference, the equity premium is quite small (0.15%) relative to its historical value (6%),
which is the well-known equity premium puzzle. Once loss aversion is introduced, the equity
premiums are raised significantly. Say, when b = 0.2 and A = 3, the model can generate an
equity premium as high as 1.88%, which is more than ten times the equity premium corre-
sponding to an economy populated by only EZ-investors. The increased equity premiums
still fall short of the empirical value, as in our model, the stock is a claim to the smooth
aggregate consumption process, and, as a result of the constant equilibrium price-dividend
ratios (see equation [30]), the stock returns are not volatile enough to cause the loss averse
investor to be scared of holding the stock.!? As mentioned before in Section 2, this mismatch
between the model-generated equity premium and the historical equity premium does not
have any impact on our analysis. What really matters is that the LA-investor is more reluc-
tant to hold the stock than the EZ-investor, which is also an assumption maintained in the
behavioral finance studies relying on loss aversion to explain the equity premium puzzle.

The second pattern concerns the risk-free rate R;. In all three panels, the risk-free rate
decreases with b and A\.'* This occurs because as the investor is more concerned about
fluctuations in the value of his financial wealth and as he is more loss averse, he is more
inclined to allocate wealth to the safe asset to avoid the potential painful losses associated
with the risky asset. This suggests that in a heterogeneous agent economy populated by
both the LA-investor and the EZ-investor, the bond is more attractive to the former than
to the latter. When parameters b and A are fixed, the risk-free rate also decreases with the

magnitude of EIS: in a growing economy, a higher EIS makes the investor more likely to

12Barberis, Huang and Santos (2001) also study the pricing impact of loss aversion in a representative
agent economy with dividends equal to consumption, and they report an equity premium of 1.26% as the
relative risk aversion coefficient is equal to 1 (see the top part of their Table IT), which is close to the equity
premium generated in our model (1.4% when b = 0.2 and A = 2.25).

13To be rigorous, the negative relationship between R ¢ and A holds only when b > 0.
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save, thereby depressing the interest rate.

The third pattern is about the consumption policy. When EIS is equal to one, the
investor’s saving ratio is optimally chosen to be equal to the time patience parameter, (.
Therefore, in Panel A, the optimal consumption propensity « is independent of parameters b
and \. However, when EIS is different from 1, « varies with b and A: « decreases (increases)
with b and A when EIS is less (greater) than 1 in Panel B (Panel C). As is standard in the
portfolio choice problem for recursive preferences, two forces — the income effect and the
substitution effect — are at play here. The asymmetric treatment of losses from gains in the
loss aversion utility tends to lower the value, measured in utility terms, of the investor’s future
investment opportunities; that is, a higher b or A tends to yield a lower B} in equation (9).
This lowered B; has two effects on current consumption: it lowers consumption propensity
through the income effect but raises consumption propensity through the substitution effect.
When EIS is below 1, the income effect dominates, so that a decreases with b and \; when
EIS is above 1, the substitution effect dominates, and the dependence of o on b and A reverses
as a result. The different responses of a to b and A in different cases of EIS suggest that
how loss aversion affects the LA-investor’s survival might depend on whether EIS is greater
than or smaller than 1, as the literature suggests that saving behavior is a key determinant

on survival. This will be examined in Subsection 4.3.

4.2 EIS=1: Portfolio Selection

In this subsection, we study the heterogeneous agent economy and fix EIS at 1, so that
both investors optimally choose to have a constant consumption-wealth ratio: aj, =1 — 3,
for « =EZ, LA. We assume that the preferences of both investors are otherwise identical
except that the LA-investor derives loss aversion utility, while the EZ-investor does not.
So, except that bpa > 0, bpz = 0, all other parameters are the same across investors:

Brz = Bra =B Ppz = pra = p and gy = (4 = (. The assumption of a common time-

26



patience parameter implies that both investors have the same endogenous saving rate. The
focus of this subsection is therefore essentially how loss aversion changes the LA-investor’s
portfolio decision, which in turn affects the LA-investor’s long run survival and his pricing

impacts in a complete financial market.

4.2.1 Swurvival

We follow the market selection literature, such as Yan (2008) and Kogan, Ross, Wang
and Westerfield (2009), in defining the “extinction”,“survival” and “dominance” of the LA-

investor in terms of his wealth shares as follows.

Definition 2 The LA-investor is said to become extinct or vanish if

limw(t) =0, a.s.;

t—o00

to survive if extinction does not occur; and to dominate the market if

limw(t) =1, a.s..

t—o00

Our subsequent analysis suggests that the LA-investor will vanish via the channel of
portfolio decisions if the presence of loss aversion in his preference causes him to be further
from the log investor in terms of risk attitude than the EZ-investor. We further show that
empirically relevant parameter values typically lead to this result, although the process is
slow.

To illustrate how the LA-investor’s wealth shares (w;) evolve over time, Table III reports
their distributions at times ¢ = 50, 100, and 1000 years when the LA-investor has initial
wealth shares of wg = 0.5 and both investors have a relative risk aversion coeflicient of 1
(Panel A) or 3 (panel B). To understand the role of loss aversion in determining the investor’s

survival prospects, we report the results for various values of by, which determines the
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relative importance of loss aversion utility in the investor’s overall preference, and of A,
which controls the degree of loss aversion. The technology parameters are fixed at the values

in Table I and the time patience parameters are 85, = 5,4 = 0.98.

TABLE III ABOUT HERE

Each entry in Table III has three elements corresponding, respectively, to the 5%, 50%,
and 95% percentiles of the distributions of w;. Say, the first entry means that when RAg; =
RAgz =1,bp4 =0.02 and \ = 1, starting from wy = 0.5, after 50 years, the LA-investor’s
wealth shares will be lower than 0.4645, 0.4980, or 0.5334 with probabilities of 5%, 50%,
and 95%, respectively. These quantiles are obtained from simulations. We first use the
algorithm described in Appendix B to solve the equilibrium state transition function w (-, )
and then use it to simulate N = 5000 economies. For each economy, we make 7" = 1000
independent draws of 0, from the distribution described in equation (1) to simulate a time
series {9t+1}tT:1- We then use the solved function w (+,-) to calculate the next-period state
wyr1- Finally the quantiles of w; are estimated from the 5,000 simulated sample paths at
time ¢. In the following discussion, we focus on the 50% quantiles or the second element of
each entry.

The results in Table IIT suggest that the insight in De Long, Shleifer, Summers, and
Waldman (1991) and Blume and Easley (1992) holds for recursive preferences in a general
equilibrium setting: the rate at which an investor’s wealth grows depends on how close
his/her preference is to log utility, i.e., how close his/her coefficient of relative risk aversion is
to one. In Panel A of Table III, the EZ-investor is the log investor, since RAgy; = EISg; = 1.
We can see that for all combinations of parameters by 4 and A, the LA-investor’s wealth shares
shrink as time passes. This suggests that in an economy populated with the log investor and

the LA-investor, it is always the log investor who accumulates wealth at a faster rate.
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In Panel B of Table III, we change the relative risk aversion coefficient of both investors
from 1 to 3, so that the EZ-investor is no longer the log investor. In this case, we observe
that the LA-investor sometimes survives, while at other times, he vanishes: when A = 1, the
LA-investor’s wealth shares increase over time, while when A\ = 1.5, 2.25, or 3, his wealth
shares decrease over time. When RAg; = 3, the EZ-investor is more risk averse than the log
investor. If \ is close to 1, the loss aversion utility in the LA-investor’s preference is close to
the expected gains/losses (i.e., bpa By [v (Grat1)] = bpaE: (Grat+1)). This causes the LA-
investor’s preference as if to be generated from combining the EZ-investor’s preference and
the risk neutral investor’s preference, leading the LA-investor to hold portfolios corresponding
to a greater risk tolerance. Therefore, the LA-investor can potentially be closer to the log
investor in terms of risk attitude than the EZ-investor, which explains his survival for the
case of A = 1. On the other hand, if A\ is much greater than 1, as we believe is likely,
loss aversion penalizes losses much stronger than it rewards gains, making the LA-investor
reluctant to invest in the volatile stocks. This causes the LA-investor to mimic an investor
who is more risk averse, and hence further from log utility, than the EZ-investor. Therefore,
the LA-investor vanishes in the long run.

Table IV verifies the above intuitions. The first row of both panels shows the value of the
equity premium, F Py 4, in the representative agent economy populated with the LA-investor
when the model parameters except br4 and A\ take the same values as those in Panel B of
Table III. The second and third rows compare £/ P4 to E R, and E Pgz, the equity premiums
emerging from two different representative agent economies populated with the log investor
and with the EZ-investor, respectively. This comparison helps to determine whether the LA-
investor is closer to the log investor than the EZ-investor, and hence whether he survives.
For instance, when A = 1.5, 2.25, or 3, we have KP4 > EPg; > EP,, which suggests
that both the LA-investor and the EZ-investor are more risk averse than the log investor
and that the LA-investor is more risk averse than the EZ-investor. Thus, the EZ-investor’s

preference is closer to the log utility and the LA-investor vanishes. In contrast, when \ = 1,
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if bpa = 0.02, we have EPpy; > EPry > E P, suggesting that the EZ-investor is more risk
averse than the LA-investor, who is in turn more risk averse than the log investor. As a
result, the LA-investor is closer to the log investor and survives. When A = 1 and b4 = 0.2,
we have EPgy; > EPo > EPp4, and in this case, we cannot determine whose preference is
closer to log utility, because the EZ-investor is more risk averse than the log investor, while

the LA-investor is more risk tolerant than the log investor.

TABLE IV ABOUT HERE

Another message conveyed by Table III regards the speed of the market selection process.
In terms of wealth shares, the process is slow.!* For example, for those parameterizations
with A > 1 considered in Table III, after 50 years, on a typical sample path, the LA-investor
loses less than 30% of his initial wealth share; even after 100 years, he still has more than
half of his initial wealth share. This is consistent with Yan (2008) who shows that it takes
hundreds of years for an investor with incorrect beliefs to lose half of his wealth share in an

economy populated with heterogeneous expected utility maximizers.

4.2.2 Price impact

The effectiveness of the market selection mechanism should be judged by how the price
impacts and not the wealth shares of the LA-investor change over time, as what one really
cares about is whether the behavior of asset prices can largely be captured by models without
the LA-investor.

We use the ratio of the conditional equity premium in the heterogeneous agent economy

to that in the representative agent economy with only the EZ-investor to capture the price

140One might argue that if we measure time at a frequency higher than annual, say, if we interpret one period
as one day, then the selection process might be quicker. However, doing so also requires us to recalibrate
the consumption process at a higher frequency, and after this recalibration, we find that the results do not
change.
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impact of the LA-investor at state w;; that is,

price impact of loss aversion at state w; = FP,/EPgy,

where EP, = E (Riy1 — Rypt|w:) and EPpy is the equity premium in an otherwise identical
economy but populated with only the EZ-investor. Although we focus on the implication
of loss aversion for equity premiums, we believe that our intuitions can be extended to its
implications for other dimensions of asset prices. For example, Barberis, Huang and Santos
(2001) rely on dynamic loss aversion (i.e., a combination of loss aversion and “the house
money effect”) to generate excess volatility of stock returns in a representative agent economy.
If loss aversion does not affect equity premiums in the heterogeneous agent economy in the
long run, there is no reason to believe that introducing “the house money effect” will produce

excess volatility in such an economy.

TABLE V ABOUT HERE

Table V reports the dynamics of EP,/FEPgy in a variety of economies. The parameters
take the same values as those in Table III. Unlike Table III, Table V does not report results
for A = 1 or 1.5: the case of A = 1 is not empirically plausible, while the results in the
case of A\ = 1.5 are similar to those in cases of A = 2.25 or 3.1 In addition, unlike Table
IIT where the LA-investor starts with half of the aggregate wealth, Table V assumes that
the LA-investor’s initial wealth shares can be either wy = 0.5 or wg = 0.9, because, as will
become clear shortly, the dynamics patterns of the price impact are slightly different in these
two scenarios. For each economy of Table V, in the parenthesis after the value of A\, we report
the equity premiums in percentages, F P4 and F Prz, in the representative agent economies

with the LA-investor and with the EZ-investor, respectively. Then, the first row presents

15In Table III, we are interested in these two cases, because we want to understand whether the insight
on survival in Blume and Easley (1992) can be extended to the recursive preferences.
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the value of EP,/EPgy at date 0, and the second to the fourth rows present the 5%, 50%
and 95% quantiles of EP,/FEPgy at dates t = 50, 100 and 1000, respectively. The quantiles
of EP,/EPgy are obtained using simulations in the same way as the quantiles of w; are
obtained in Table III.

We observe that in all cases, as time passes, the LA-investor gradually loses his impact
on the equity premiums, because the medians of FP,/E Py gradually decline. For example,
in the first economy of Panel (A1), when wy = 0.5, EP,/ E Pgy starts with a value of around
2, after 50 years, it declines to 1.82, and after 100 years, it further drops to 1.68. This result
is not surprising given that, according to Table III, the LA-investor’s wealth shares shrink
over time for parameterizations considered in Table V.

In terms of price impacts, the market selection mechanism can be quite effective in the
following two senses. First, in the heterogeneous agent economy, the LA-investor might opti-
mally choose not to participate in the stock market, so that the conditional equity premium
is determined by the first-order condition of the EZ-investor and not directly affected by loss
aversion, leading to a substantially lower equity premium. This occurs when w; is not very
high, that is, when the EZ-investor controls a large fraction of the aggregate wealth and her
trading lowers the conditional equity premium and makes the stock not attractive to the
LA-investor. For example, in the second economy of Panel (Al), EPps/EPgz is around 8§;
that is, in representative agent economies, loss aversion raises equity premiums by as much
as eight times the value produced by Epstein-Zin preferences. However, in the heterogeneous
agent economy, when wy = 0.5, EP,/FE Pg; drops to a value around 2. So, introducing het-
erogeneity significantly reduces the equity premium. This is consistent with Chapman and
Polkovnichenko (2009) who show that the risk premium is sensitive to ignoring heterogeneity
in a static model in which investors exhibit first-order risk aversion.

Second, even when wy is high and the price impact of loss aversion is initially big, it is
likely that a small drop in wealth shares leads to a large drop in price impact. For instance,

in the second economy of Panel (Al), when wy = 0.9, FP,/EPgz is around 7 at time
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0. However, after 50 years, it drops sharply to 3.41. Figure 1 displays FP,/EPgz in the
left panel and the LA-investor’s investment policy function sy 4, in the right panel for this
economy. There is a kink in the price impact function, EP,/EPgyz, in the left panel, and
a decline in w; leads to the largest drop of EP,/EPgy at the kink. Comparing Panel (a)
with Panel (b), it can be seen that the location of the kink of E'P,/E Pgy is determined by
the level of the wealth share at which the LA-investor starts to buy the stock. So, if the
LA-investor’s initial wealth share happens to be around the level at which he is just willing
to purchase the stock, then a small decline of his wealth share will cause him to switch to

holding the risk-free asset only, which lowers F'P,/FE Py sharply.
FIGURE 1 ABOUT HERE

To summarize, for the unit-EIS case, if the LA-investor differs from the EZ-investor only
in terms of loss aversion utility, that is, except for by 4 > 0 and bgz = 0, the other preference
parameters are identical across investors, then for empirically relevant values (i.e., when
A = 1.5, 2.25 and 3 in Table III), the LA-investor vanishes in the long run, and, as a result,
so does his price impact. The market selection process is slow in terms of wealth shares, but
in terms of price impact, the selection mechanism can be effective. In the following analysis,
we will focus only on the dynamics of wealth shares, as the relationship between the wealth
share dynamics and the pricing impact dynamics obtained in this subsection is still valid in

the case of a non-unit EIS.

4.3 EIS#1: Saving Behavior

The analysis in Subsection 4.1 suggests that when EIS is not equal to 1, loss aversion can
change the investor’s saving behavior, which might affect the investor’s wealth accumulation
and survival prospects. In this subsection, we investigate this possibility in the heterogeneous

agent economy. Again, we assume that the preferences of both investors are identical except
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that by 4 > 0 and bgz = 0.

When EISg; = EI1Sp4 > 1, the intuition in the representative agent economies implies
that the LA-investor consumes more than the EZ-investor, which hurts his survival prospects.
Because the previous subsection shows that in the absence of different saving behaviors, the
LA-investor already loses to the EZ-investor; then, this extra force coming from saving
should cause the LA-investor to vanish at a faster speed. This is indeed the case, as verified
by Figure 2, which plots the distributions of w; in years 50, 100, and 1000, for the case
of EISgy; = E1Sp4 = 1.5, when each investor has half of the total wealth at time 0. The
distributions are obtained in the same way as in Table III, and the technology parameters are
fixed at the values in Table I, while the other preference parameters are S5, = 5,4 = 0.98,
RApy; = RApa =1, A = 2.25 and by 4 = 0.02. Indeed, the p.d.f.s of w; shift to the left as

time passes, suggesting that the LA-investor is losing his wealth share over time.

FIGURE 2 ABOUT HERE

When FISg; = FI1Sp4 < 1, the analysis in Subsection 4.1 suggests that the LA-investor
saves more than the EZ-investor, which favors his survival. As a result, two forces are
at play here: portfolio decisions are against the LA-investor’s wealth accumulation, while
consumption decisions benefit it. It thus becomes nontrivial to explore whether the saving
force is strong enough to reverse the result in the previous subsection. Table VI presents the
distributions of wy; and EP,/EPgy in Panels A and B for the case of EISg; = EISp4 = 0.5.
The other parameter values are identical to those used in Table IV. We here assume that both
investors have a relative risk aversion coefficient of 1, because the key insight in Subsection
4.2 is that the role of loss aversion is making the LA-investor more risk averse than the
EZ-investor, and thus the result will be insensitive to the choice of the relative risk aversion
coefficient, as long as the LA-investor is maintained to be more cautious in buying the

stock. Comparing Table VI with Tables III and V, one can find that the results are almost
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identical, implying that in calibrated economies, the difference in saving behaviors induced by
the common small EIS shared by both investors is not large enough to help the LA-investor

survive in the long run.

TABLE VI ABOUT HERE

To better understand the effect of savings, Figure 3 plots the consumption policies for
both investors for the parameter configuration considered in the first economy of Panel
(A2) of Table VI (b4 = 0.2 and X = 2.25). Figure 3 shows that, although the difference
in the endogenous saving rates of the two investors can be large, with a maximum of 3.5
percent achieved at w; = 1, this difference shrinks sharply, as the LA-investor loses wealth
over time. This weakens the effect of the saving difference on changing the LA-investor’s
survival prospect, as once his wealth-eroding investment positions start to reduce his wealth
share, he also saves less, making his situation even worse in terms of wealth accumulation.
This explains why the difference in the endogenous saving behavior cannot overcome the
disadvantage coming from the portfolio positions of the LA-investor in terms of wealth

accumulation.

FIGURE 3 ABOUT HERE

In sum, for the non-unit EIS case, if the LA-investor differs from the EZ-investor only
in a way such that he derives loss aversion utility, then for empirically relevant parameter
values, he will lose his wealth share in the long run, and his price impacts diminish along

the way.
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5 Multi-Dimensional Heterogeneity in Preferences

So far, our analysis has assumed that the LA-investor and the EZ-investor are different only
in one dimension: the LA-investor derives loss aversion utility, while the EZ-investor does
not. However, it is highly likely that they are also different in other dimensions. This raises
the question of how robust the result that the LA-investor vanishes in calibrated economies
is to the introduction of additional differences in the investors’ preferences.

Before examining the effect of the multi-dimensional heterogeneity of preferences on sur-
vival, we briefly discuss what kind of heterogeneity might be plausible in reality. In principle,
on top of loss aversion utility, investors can be different in the following three dimensions:
risk aversion (parameter (), EIS (parameter p), and time preference (parameter (). Risk
aversion might not be a good candidate, as the very reason why the literature introduces
loss aversion is to increase the LA-investor’s risk aversion, which serves to generate a high
equity premium. Therefore, to make the analysis empirically relevant, any perturbation of
the risk aversion parameter ¢ should not reverse the order of the investors’ risk attitude and
would not change the survival prospects of the LA-investor.

However, in the existing literature, researchers have not reached a consensus regarding
the “reasonable” value for the EIS or the time discount rate. Some studies estimate the EIS
to be well above 1 (e.g., Hansen and Singleton, 1982; Attanasio and Weber, 1989; Guvenen,
2001; Vissing-Jorgensen, 2002), while others estimate it to be well below 1 (e.g., Hall, 1988;
Epstein and Zin, 1991; Campbell, 1999).16 Similarly, the calibrations of the time-patience
parameter ( are widely dispersed, ranging from 0.89 (Campbell and Cochrane, 1999) to 1.1
(Brennan and Xia, 2001). Therefore, in the following, we investigate the effect of a differing

EIS or a differing time-patience parameter on the LA-investor’s survival.

16See Guvenen (2006) for a comprehensive review of the empirical evidence on the heterogeneity in the
EIS across the population.
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5.1 Different EIS Parameters

To set the deck against the EZ-investor, we need to assume that the LA-investor has a larger
EIS than the EZ-investor, so that he would save more than the EZ-investor in a growing
economy. Specifically, we set EISg; = 0.5, and increase E1S} 4 to see when the LA-investor
will survive for an economy with the technology parameters fixed at the values in Table I and
the other preference parameters fixed at 55, = ;4 = 0.98, RApy; = RApa =1, A = 2.25
and by, = 0.02. It turns out that when EIS;4 = 0.7, the LA-investor starts to dominate
the economy. The result is driven by the different saving behaviors induced by the different
EIS. Figure 4 displays the dynamics of w; in Panel (a) and the consumption policies in Panel
(b) assuming that wy = 0.5. Panel (a) shows that the p.d.f.s shift to the right as time passes,
suggesting that the LA-investor tends to dominate the market in the long run. Panel (b)
shows that the difference in the consumption ratios does not drop much when w; declines
from intermediate levels of w;, because when w; decreases, the EZ-investor consumes more
as a result of a strong income effect of the raised risk-free rate. Therefore, when the wealth
share of the LA-investor declines due to his portfolio decisions, his advantage in terms of

saving behavior will help him.

FIGURE 4 ABOUT HERE

We have also tried other perturbations, and the result is qualitatively similar, although
if we start from a larger value of E1Sg, a larger difference between F1S; 4 and F1Sgy is
needed to make the LA-investor survive in the long run. For instance, when the EZ-investor
has an EIS of 0.8, the critical level for E1S} 4 increases to 1.5. This is because when E 1Sk
is large, the EZ-investor’s saving rate has already been very high in a growing economy,
leaving very little room for the LA-investor to improve. Whether the differences in investors’
EIS parameters are “reasonable” is an empirical issue and is subjective. The point of the

present paper is to provide a framework that can be used to analyze under what conditions
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the LA-investor survives and his pricing impact persists.

5.2 Different Time Patience Parameter [

We conduct a similar exercise as in examining the effect of different EIS parameters. Specif-
ically, we set 3;, = 0.98 and decrease [, to examine when the LA-investor dominates
the market in the long run. The survival result is very sensitive to the time discount
rate: a slight difference in [ as small as two percent can overturn the effect of the LA-
investor’s portfolio decisions on his survival prospects. To illustrate this sensitivity, we set
EISg; = EIS;, = 1.5, which means that the deck is set against the LA-investor, as he
would consume more than the EZ-investor if they had a common 3. Other preference pa-
rameters are fixed at RAgz; = RApa = 1, A = 2.25 and b4 = 0.02, and the technology
parameters are fixed at the values in Table I. The result is robust to different relative risk
aversions. Figure 5 depicts the dynamics of the distributions of w; and investors’ consump-
tion propensities when the LA-investor has half of the total wealth at time 0. Panel (a) shows
that, as time passes, the p.d.f.s of w; shift to the right, suggesting that the LA-investor is
accumulating wealth at a faster rate than the EZ-investor. Panel (b) displays the large
difference in the endogenous saving ratios induced by the time-patience parameter. The
minimum of this difference is 1.88%, and the maximum is 2.86%. These large magnitudes

account for the LA-investor’s eventual prosperity.

FIGURE 5 ABOUT HERE

6 Concluding Remarks

This paper studies the survival and price impact of loss averse investors in a financial econ-

omy in which “arbitrageurs” have Epstein-Zin preferences. We find that if the LA-investor
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differs from the EZ-investor only in the way of deriving loss aversion utility, then the LA-
investor will be driven out of the market and thus will have no effect on long run asset
prices for an empirically relevant range of parameters. In the short run, the selection process
is slow in terms of wealth shares, but it can be effective in terms of price impacts. Once
additional heterogeneity is recognized in investors’ preferences, for example, when they are
heterogeneous with respect to their EIS or time-patience parameters, the LA-investor can
survive because of the different equilibrium saving behaviors induced by this new hetero-
geneity. This paper thus helps us to understand under what conditions loss aversion can
affect asset prices in a dynamic financial market. Empirical studies are needed to examine
whether and to what extent the real investors who exhibit loss aversion are different from
those who do not in terms of their EIS or time-patience parameters, which in turn, with the
help of the our framework, is useful in determining the validity of the statement made in the
representative agent models in behavioral finance.

We conclude by discussing the robustness of our results and some generalizations of the
model developed above. As we mentioned in the main text, our results are robust to the
introduction of narrow-framing, and although our focus on the price impact of loss aversion
has been limited to equity premiums, we believe that the intuitions can arguably apply to
other dimensions of asset prices, such as the excess volatility studied in Barberis, Huang
and Santos (2001) and the GARCH effect in stock returns studied in McQueen and Vorkink
(2004), by introducing additional features, such as the “house money effect” in Barberis,
Huang and Santos (2001) and “state-dependent sensitivity to news” in McQueen and Vorkink
(2004), into the LA-investor’s preferences.

The analysis in our previous sections has been conducted under the technology parameter
configuration specified in Table I. We have verified that most of our results remain unchanged
under different parameter values, as long as the volatility of the consumption growth rate is
not unreasonably high (say, lower than 20% on an annual basis), given that loss aversion is

one form of first-order risk aversion and thus has its largest impact on investor’s risk attitude
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for gambles of small or intermediate volatilities.

Our model allows for many possible generalizations. First, it has assumed a complete
market structure. The survival result might be very different in an incomplete market, as
suggested by the existing literature (e.g., Blume and Easley, 2006; Cao, 2009). It would thus
be interesting to compute how market incompleteness would change the results. Second,
this paper focuses only on the loss aversion feature of prospect theory and ignores its two
other features, namely, diminishing sensitivity and probability weighting. The literature has
shown that both features help to explain certain financial phenomena. For example, Li and
Yang (2008) show that diminishing sensitivity can generate price momentum, while Barberis
and Huang (2008) argue that probability weighting leads to the overpricing of positively
skewed securities. It would also be interesting to examine the survival and price impacts
of an investor whose preference has all three features of prospect theory. Third, the loss
-averse investors are homogeneous in our model. It is likely that even loss averse investors
are heterogeneous in a number of ways: in the degree of sensitivity to losses (parameter \), in
the relative importance of loss aversion utility in their preferences (parameter b;)!” or in the
reference levels that determine their gains/losses. We believe incorporating this heterogeneity
would not change our results dramatically. Finally, in our model, both investors live and
trade for ever. In reality, it is likely that investors voluntarily enter and exit the economies
for some exogenous reasons, such as life cycles. We can embed our current setting into an
overlapping generation model and assume that in each period, investors with different levels
of loss aversion bias are replenished with some probability. We leave all these interesting

questions for future research.

I7In fact, the difference between the LA-investor and the EZ-investor in our model can be viewed as an
extreme case of differing b;: bgz =0 and b4 > 0.
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Appendix

A. First-Order Conditions for the Case of EIS=1

This appendix derives the conditions that define the investor’s optimal decisions when the
EIS takes the value of 1 (p; = 0). In this case, the aggregator function has the Cobb-Douglas
form:

H; (C,X)=CPixP.

The Bellman equation becomes

A Wiy = max Oy [y [J: (Wi, Tesa) [ 1) + 0By [u (G
= Wi, max ;" (1= i)™ 1 [Asea Mg | 1) + iy [v (510 (Reer — Rya))])

= W;ymax 043,;& (1— ) max i (A1 Mgl L) + biEy [ (i (Reer — Rya))))™

Therefore, the optimal consumption policy can be explicitly solved:

max 0437;5"’ (1-— oziﬁt)ﬂ” =, =1-0, (31)
As a result,
Ao =(1—B,)" " B max [ (A1 Mipsa [1e) + By [0 (sie (Ria — Ry’ (32)

The partial equilibrium problem is therefore summarized by the above equation, which in-
volves solving the optimal investment-decision function, s; (-), and the value function, 4, (-).
So, relative to the case of a non-unit EIS, one can avoid numerically solving the investor’s
consumption policy, as it is given by equation (31), but he needs to numerically solve the

investor’s indirect value function using equation (32).
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The first-order conditions to the portfolio choice problem are

1/¢;—
FOCz‘,+ = [Et(AthH zt—i—l)] [Aftﬂ zt-‘rl (Rt+1 Rf,t)] + biEt [U (Rt+1 - Rf,t)]
= 0, for 57, >0,
1/¢;—1
FOCi,f = [ (AftﬂMfiH)] E, [Azct—HMth—i-l (Rt+1 - Rf,t)] — b Ey [U (Rf,t - Rt+1)]

= 0, for s7, <0,

FOC;+ <0and FOC; _ > 0, for szt =0.

In particular, for the EZ-investor, bg; = 0, and the above first-order conditions boil down

to

Ey [AlcEEZZ,t+1MJCEEZ,Zt;11 (Rey1 — Ryt)] = 0.

B. Numerical Algorithm

This appendix sketches the procedure used to numerically solve the model. I focus on the
non-unit EIS case (p;, # 0), and the solution procedure for the unit EIS case is slightly differ-
ent. The algorithm is developed based on Kubler and Schmedders (2003) and is summarized
as follows.

Step 0: Define a finite grid on [0,1]. Choose two continuous functions, %, (-) and a9 , (+),
as initials for the investors’ consumption policy functions. These initials define the initial
for the price-dividend ratio function, f° (-), through equation (22). Then on each grid point
wy, go through steps 1-4.

Step 1: Given functions o, (-) and o} 4 (-), suppose that the LA-investor allocates

n+1

nothing on the stock; that is, s77" (w;) = 0. Then use both investors’ value functions,

equation (13), the EZ-investor’s first-order condition, equation (17), and the state transition
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functions, equation (27), to solve five unknowns: ARz Vpap Bty Wiv1m, W1, where
wWi+1,m and wyyq 1, are the next-period wealth shares when 6,1 = 0y and 0, respectively.

Step 2: Plug the solved a7} 4, Ry, wi1,n and wiyq,r into equations (14) and (15) to get
FOCpa+ and FOCpa . If FOCpay < 0 and FOCpa_ > 0, then set o} (wy) = afyy,
and o} 4! (w;) = a4 I FOCpa 4 > 0, then go to Step 3; otherwise, go to Step 4.

Step 3: Use both investors’ value functions, equation (13), the EZ-investor’s first-order
equation, (17), the LA-investor’s first-order condition for a positive investment, equation
(14), and the state transition functions, equation (27), to solve six unknowns: aj,, @7 4,
Ry, Weit, by Wit Ly STy Set o (wi) = iz, and o} (we) = a4,

Step 4: Use both investors’ value functions, equation (13), the EZ-investor’s first-order
equation, (17), the LA-investor’s first-order condition for a negative investment, equation
(15), and the state transition functions, equation (27), to solve six unknowns: af,;, aj .,
Ry, WegtHy Wi,y Spaye Set gl (wi) = Oz, and aph! (wi) = QLA

Step 5: Check whether the following stop criterion is satisfied:
max || (a5 (), 075 () S (0)) = (afhz ()0 () S O)]| < 7,

where 7 is an error tolerance. If yes, then the algorithm terminates, and the next step is to
set the consumption and investment policy functions and the risk-free rate function as those
solved in the last round. Otherwise, increase n by 1 and go to Step 1.

In the implementation of the algorithm, I divide [0, 1] into 150 grid points and set the
tolerance level at 1077. Kubler and Schmedders (2003) provide a method to assess the
accuracy of a candidate solution by computing the maximal relative error in Euler equations.
In my computations, the maximum errors lie below 107°, suggesting that the algorithm

produces reasonably accurate solutions.

43



References

1]

[10]

[11]

[12]

Alchian, Armen, 1950, Uncertainty Evolution and Economic Theory, Journal of Political Econ-
omy 58, 211-221.

Amir, R., I. Evstigneev, T. Hens, K. R. Schenk-Hoppé, 2005, Market selection and the survival

of investment strategies, Journal of Mathematical Economics, 41, 105-22.

Attanasio, P. Orazio, and Guglielmo Weber, 1989, Intertemporal Substitution, Risk Aversion

and the Euler Equation for Consumption, Fconomic Journal 99, 59-73.

Bansal, Ravi, and Amir Yaron, 2004, Risks for the Long Run: A Potential Resolution of Asset
Pricing Puzzles, Journal of Finance 59, 1481-1509.

Barberis, Nicholas, and Ming Huang, 2001, Mental Accounting, Loss Aversion, and Individual
Stock Returns, Journal of Finance 56, 1247-1292.

Barberis, Nicholas, and Ming Huang, 2007, The Loss Aversion/Narrow Framing Approach to
Stock Market Pricing and Participation Puzzles, in: Rajnish Mehra (ed.), Handbook of the
Equity Risk Premium, Elsevier, Amsterdam. chapter 18, 199-229.

Barberis, Nicholas, and Ming Huang, 2008, Stocks as Lotteries: The Implications of Proba-
bility Weighting for Security Prices, American Economic Review, 98:5, 2066-2100.

Barberis, Nicholas, and Ming Huang, 2009, Preferences with Frames: A New Utility Specifi-
cation that Allows for the Framing of Risks, Journal of Economic Dynamics and Control 33,
1555-1576.

Barberis, Nicholas, Ming Huang, and Tano Santos, 2001, Prospect Theory and Asset Prices,
Quarterly Journal of Economics 116, 1-53.

Barberis, Nicholas, Ming Huang, and Richard Thaler, 2006, Individual Preferences, Monetary
Gambles, and Stock Market Participation: A Case for Narrow Framing, American Economic
Review 96, 1069-1090.

Barberis, Nicholas and Richard Thaler, 2003, A Survey of Behavioral Finance, in: George M.
Constantinides, Milton Harris and René Stulz (ed.), Handbook of the Economics of Finance,
edition 1, volume 1, chapter 18, 1053-1128 Elsevier.

Barberis, Nicholas and Wei Xiong, 2009, What Drives the Disposition Effect? An Analysis of
a Long-standing Preference-based Explanation, Journal of Finance 64, 751-784.

44



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Benartzi, Shlomo and Richard Thaler, 1995, Myopic Loss Aversion and the Equity Premium
Puzzle, Quarterly Journal of Economics 110, 73-92.

Berkelaar, Arjan, and Roy Kouwenberg, 2009, From Boom ‘Til Bust: How Loss Aversion
Affects Asset Prices, Journal of Banking € Finance, Volume 33, Issue 6, 1005-1013.

Berkelaar, Arjan, Roy Kouwenberg, and Thierry Post, 2004, Optimal Portfolio Choice under

Loss Aversion, Review of Economics and Statistics 86, 973-987.

Blume, Lawrence, and David Easley, 1992, Evolution and Market Behavior, Journal of Eco-
nomic Theory 58, 9—40.

Blume, Lawrence, and David Easley, 2006, If You're So Smart, Why Aren’t You Rich? Belief
Selection in Complete and Incomplete Markets, Econometrica 74, 929-966.

Bohm, Volker, and Jan Wenzelburger, 2005, On the Performance of Efficient Portfolios, Jour-
nal of Economic Dynamics and Control 29:721-740.

Borovicka, Jaroslav, 2009, Heterogeneous Beliefs under Recursive Preferences, University of

Chicago, working paper.

Breiman, L. , 1961, Optimal gambling systems for favorable games, in Proceedings of the
Fourth Berkeley Symposium on Mathematical Statistics and Probability, ed. by J. Neyman,
vol. 1, pp. 65-78, Berkeley. University of California Press.

Brennan, Michael, and Yihong Xia, 2001, Stock Price Volatility and Equity Premium, Journal
of Monetary Economics 47, 249-283.

Campanale, C., R. Castro, and G. Clementi, 2007, Asset Pricing in a Production Economy
with Chew-Dekel Preferences, Unpublished Manuscript, Stern School of Business, New York

University.

Campbell, John Y., 1999, Asset prices, consumption and the business cycle, in John B. Taylor,
and MichaelWoodford, eds.: Handbook of Macroeconomics, vol. 1 (Elsevier Science, North-
Holland, Amsterdam).

Campbell, John, and John Cochrane, 1999, By Force of Habit: A Consumption-Based Expla-
nation of Aggregate Stock Market Behavior, Journal of Political Economy 107, 205-251.

Cao, Dan, 2009, Collateral Shortages, Asset Price and Investment Volatility with Heteroge-
neous Beliefs, MIT working paper.

45



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chapman, David A., and Valery Polkovnichenko, 2009. First-Order Risk Aversion, Hetero-
geneity, and Asset Market Outcomes, Journal of Finance, 64(4), 1863-1887.

Cogley, Timothy, and Thomas J. Sargent, 2009. Diverse Beliefs, Survival and the Market Price
of Risk, Economic Journal, Royal Economic Society, vol. 119 (536), 354-376.

Condie, Scott, 2008, Living with Ambiguity: Prices and Survival when Investors Have Het-

erogeneous Preferences for Ambiguity, Fconomic Theory 36:81-108.

Coury, Tarek and Emanuela Sciubba, 2005, Disagreeing Forever: Survival and Belief Het-
erogeneity in Incomplete Markets, working paper, University of Oxford and University of
Cambridge.

De Long, J. Bradford, Andrei Shleifer, Lawrence H. Summers, and Robert J. Waldman, 1991,

The Survival of Noise Traders in Financial Markets, Journal of Business 64, 1-19.

Epstein, Lawrence, and Stanley Zin, 1989, Substitution, Risk Aversion, and the Temporal
Behavior of Asset Returns: A Theoretical Framework, Fconometrica 57, 937-969.

Epstein, Lawrence, and Stanley Zin, 1991, Substitution, Risk Aversion, and the Temporal
Behavior of Asset Returns: An Empirical Analysis, The Journal of Political Economy, Volume
99, Issue 2, 263-286.

Friedman, Milton, 1953, The Case for Flexible Exchange Rates, in Essays in Positive Eco-

nomics, University of Chicago Press, Chicago.

Gallmeyer, Michael, and Burton Hollifield, 2008, An Examination of Heterogeneous Beliefs
with a Short-Sale Constraint in a Dynamic Economy, Review of Finance 12(2):323-364.

Gabaix, Xavier, 2007, Discussion: The Loss Aversion/Narrow Framing Approach to the Equity
Premium Puzzle, in: Rajnish Mehra (ed.), Handbook of the Equity Risk Premium, Elsevier,
Amsterdam. chapter 18, 230-234.

Gomes, Francisco, 2005, Portfolio Choice and Trading Volume with Loss Averse Investors,
Journal of Business 78, 675-706.

Gomes, F., and A. Michaelides, 2008, Asset Pricing with Limited Risk Sharing and Heteroge-
neous Agents, Review of Financial Studies 21, 415-448.

Griinea, Lars, and Willi Semmler, 2008, Asset Pricing with Loss Aversion, Journal of Economic
Dynamics and Control, Volume 32, Issue 10, 3253-3274.

46



[39]

[40]

[41]

[42]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Guvenen, Fatih, 2001, Mismeasurement of the Elasticity of Intertemporal Substitution: The
Role of Limited Stock Market Participation, Unpublished manuscript, University of Rochester.

Guvenen, Fatih, 2006, Reconciling Conflicting Evidence on the Elasticity of Intertemporal

Substitution: A Macroeconomic Perspective, Journal of Monetary Economics 53, 1451-1472.

Guvenen, Fatih, A Parsimonious Macroeconomic Model for Asset Pricing, Econometrica,

Forthcoming.

Hakansson, Nils H., 1971, Capital Growth and the Mean-Variance Approach to Portfolio
Selection, Journal of Financial and Quantitative Analysis 6, 517-555.

Hall, Robert E., 1988, Intertemporal Substitution in Consumption, Journal of Political Econ-
omy 96, 339-357.

Hansen, Lars P., and Ravi Jagannathan, 1991, Restrictions on Intertemporal Marginal Rates
of Substitutions Implied by Asset Returns, Journal of Political Economy, 225-262.

Hansen, Lars P., and Kenneth Singleton, 1982, Generalized Instrumental Variables Estimation
of Nonlinear Rational Expectations Models, Fconometrica 50, 1269-1286.

Hansen, Lars P., and Kenneth Singleton, 1983, Stochastic Consumption, Risk Aversion and

the Temporal Behavior of Asset Returns, Journal of Political Economy, 249-265.

Heaton, John, and Deborah Lucas, 1996, Evaluating the Effects of Incomplete Markets on
Risk Sharing and Asset Pricing, Journal of Political Economy 104, 443-487.

Kahneman,Daniel, 2003, Maps of Bounded Rationality: Psychology for Behavioral Economics,
American Economic Review 93,1449-1475.

Kahneman, Daniel, Lovallo, D., 1993, Timid Choices and Bold Forecasts: A Cognitive Per-
spective on Risk Taking, Management Science 39,17-31.

Kahneman, Daniel, and Amos Tversky, 1979, Prospect Theory: An Analysis of Decision under
Risk, Econometrica 47, 263-291.

Kocherlakota, N.R., 1996, The Equity Premium: It’s Still a Puzzle,Journal of Economic Lit-
erature 34, 42-71.

Kogan, Leonid, Stephen Ross, Jiang Wang, and Mark M. Westerfield, 2009, Market Selection,
MIT working paper.

47



[57]

[58]

[59]

[60]

[61]

Kubler, Felix, and Karl Schmedders, 2003, Stationary Equilibria in Asset-Pricing Models with
Incomplete Markets and Collateral, Econometrica 71, 1767-95.

Kyle, Albert, Hui Ou-Yang, and Wei Xiong, 2006, Prospect Theory and Liquidation Decisions,
Journal of Economic Theory 129, 273-285.

Kyle, Albert, and Albert Wang, 1997, Speculation Duopoly with Agreement to Disagree: Can
Overconfidence Survive the Market Test?, Journal of Finance 52, 2073-2090.

Li, Yan and Liyan Yang, 2008, Prospect Theory, the Disposition Effect, and Asset Prices,

University of Toronto, working paper.

Mailath, George, and Alvaro Sandroni, 2003, Market Selection and Asymmetric Information,
Review of Economic Studies 70, 343—-369.

McQueen, Grant, and Keith Vorkink, 2004, Whence GARCH? A Preference-Based Explana-
tion for Conditional Volatility, Review of Financial Studies, 17(4):915-949.

Mehra, Rajnish, and Edward Prescott, 1985, The Equity Premium Puzzle, Journal of Mone-
tary Economics, 145-161.

Palomino, Frederic, 1996, Noise Trading in Small Markets, Journal of Finance 51, 1537-1550.

Sandroni, Alvaro, 2000, Do Markets Favor Agents Able to Make Accurate Predictions?, Econo-
metrica 68, 1303—-134.

Samuelson, Paul, 1977, St. Petersburg Paradoxes, Journal of Economic Literature 15, 24-55.

Sandroni, Alvaro, 2005, Market Selection When Markets Are Incomplete, Journal of Mathe-

matical Economics 41, 91-104.

Sciubba, Emanuela, 2005, Asymmetric Information and Survival in Financial Markets, Fco-
nomic Theory 25 353-379.

Tallarini, T., 2000, Risk sensitive Business Cycles, Journal of Monetary Economics 45, 507-
532.

Tversky, Amos, and Daniel Kahneman, 1992. Advances in Prospect Theory: Cumulative
Representation of Uncertainty. Journal of Risk and Uncertainty, 5(4): 297-323.

Uhlig, H., 2007, Leisure, Growth, and Long-run Risk, Unpublished Manuscript, University of
Chicago.

48



[68] Vissing-Jorgensen, Annette, 2002, Limited Asset Market Participation and the Elasticity of
Intertemporal Substitution, Journal of Political Economy 110, 825-853.

[69] Weil, Philippe, 1989, The Equity Premium Puzzle and the Risk-Free Rate Puzzle, Journal of
Monetary FEconomics, Volume 24, Issue 3, 401-421.

[70] Yan, Hongjun, 2008, Natural Selection in Financial Markets: Does It Work?, Management
Science 54 (11), 1935-1950.

49



Table I Technology Parameter Values

This table reports the technology parameter values used in the computation of equilibria. The
calibration takes one period to be one year. The consumption growth rate parameters 6y and 6,
are calibrated to match the historical mean (1.84%) and volatility (3.79%) of the log
consumption growth rate.

Parameters T T On oL

Values 0.5 0.5 1.0579 0.98069
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Table 11 Asset Prices and Consumption Policies in Representative Agent Economies

This table reports the equilibrium equity premiums (EP), risk-free rates (Rr) and consumption
policies () in percentages, assuming that investors are identical in preferences, so that fez = fia
EIB, EISgz = EIS o =EIS (or PEZ :pLAEp), RAEz =RA A =RA (or CEZ = CLA EO and bEz = bLA
= b. The equity premiums are calculated as EP = E(R+1 - Ry). For all combinations, 5=0.98 and
RA=1. The technology parameters are fixed at the values in Table I. Panels A, B and C
correspond to different values of EIS: EIS=1 (p=0), EIS=0.5 (p=-1) and EIS=1.5 (p=1/3).
Parameter b controls the relative importance of loss aversion utility in the investor's preferences.
Parameter A controls the degree of loss aversion.

Panel A:EIS=1
A=2.25 A=3
EP (%) Rr -1 (%) a (%) EP (%) Re -1 (%) a (%)
b=0 0.15 3.86 2.00 0.15 3.86 2.00
b=0.02 0.79 3.22 2.00 1.19 2.82 2.00
b=0.2 1.41 2.60 2.00 1.88 2.13 2.00
Panel B: EIS=0.5
1=225 A=3
EP (%) Rf -1 (%) a (%) EP (%) Re -1 (%) 0. (%)
b=0 0.15 5.79 3.79 0.15 5.79 3.79
b=0.02 0.67 4.76 3.31 1.02 4.04 2.98
b=0.2 1.39 3.29 2.63 1.87 2.32 2.16
Panel C: EIS=1.5
A=2.25 A=3
EP (%) Ri -1 (%) a (%) EP (%) Re -1 (%) a (%)
b=0 0.15 3.23 1.40 0.15 3.23 1.40
b=0.02 0.85 2.76 1.62 1.25 2.50 1.75
b=0.2 1.42 2.38 1.80 1.88 2.08 1.94
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Table 111 Survival of the LA-Investor: EIS=1

This table reports the distributions of the LA-investor's wealth shares (wy) at times t=50, 100, and
1000 years when the LA-investor has initial wealth shares of w¢=0.5 and both investors have a
relative risk aversion coefficient of 1 (Panel A) or 3 (panel B). Both investors have a unit EIS:
EISgz = EIS_ A = 1. They have the same time patience parameter: ez = fia=0.98. The
technology parameters are fixed at the values in Table I. Each entry in this table has three
elements, corresponding, respectively, to the 5%, 50%, and 95% percentiles of the distributions
of wt. The quantiles are estimated from the 5000 simulated sample paths at time t.

Panel A: 5%, 50%, and 95% percentiles of w; when RAgz; =RA A =1 ({ez={1a=0)

(Al) bLA: 0.02

=1 A=15 A=225 A=3
t=50 [0.4645 0.4980 0.5334] [0.3054 0.4777 0.6573]  [0.3022 0.4523 0.6677]  [0.3022 0.4523 0.6674]
t=100 [0.4447 0.5013 0.5509] [0.2311 0.4224 0.7107]  [0.2296 0.4059 0.6928]  [0.2296 0.4058 0.6836]
t=1000 [0.3240 0.4789 0.6356] [0.0259 0.1511 0.7772]  [0.0246 0.1282 0.4603]  [0.0243 0.1269 0.4523]
(A2) b A= 0.2

=1 A=15 A=225 A=3
t=50 [0.3447 0.4776 0.6144]  [0.3022 0.4523 0.6677]  [0.3022 0.45230.6672]  [0.3022 0.4523 0.6672]
t=100 [0.2530 0.4906 0.6638]  [0.2296 0.4059 0.6947]  [0.2296 0.4058 0.6826]  [0.2296 0.4058 0.6815]
t=1000 [0.0005 0.2035 0.8079]  [0.0246 0.1283 0.4637]  [0.0243 0.1267 0.4506]  [0.0243 0.1266 0.4494]

Panel B: 5%, 50%, and 95% percentiles of w; when RAgz = RA A =3 ({ez ={1a=-2)

(Bl) bLA: 0.02

A=1 A=15 A=2.25 A=3
t=50 [0.4734 0.5058 0.5441]  [0.4479 0.4879 0.5209]  [0.2556 0.3964 0.5499]  [0.2464 0.3633 0.5351]
t=100 [0.4634 0.5212 0.5715]  [0.4123 0.4657 0.5249]  [0.1646 0.2867 0.5138]  [0.1590 0.2755 0.4671]
t=1000 [0.5177 0.6659 0.7851]  [0.1104 0.2146 0.3605]  [0.0014 0.0083 0.0429]  [0.0013 0.0079 0.0414]

(B2) ba=0.2

A=1 A=15 A=2.25 A=3
t=50 [0.3633 0.4954 0.6283] [0.2781 0.4320 0.5492] [0.2464 0.3635 0.5357]  [0.2464 0.3635 0.5361]
t=100 [0.2954 0.5242 0.6864] [0.1771 0.3176 0.5407] [0.1590 0.2756 0.4662]  [0.1590 0.2756 0.4670]
t=1000 [0.1073 0.6121 0.8982]  [0.0015 0.0090 0.0474]  [0.0013 0.0079 0.0414]  [0.0013 0.0079 0.0414]
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Table IV Risk Attitude and Survival

This table illustrates the relationship between the risk attitude and the survival prospects of the
LA-investor. The variables EP_a, EP1og and EPgz are equity premiums in the representative
agent economies populated with the LA-investor, the log investor, and the EZ-investor,
respectively. The technology parameters are fixed at the values in Table I. The other preference
parameters are set at the following values: EISgz = EIS A =1, fez = fia=0.98 and RAgz = RA|a
=3.“Y” and “N” represent “Yes” and “No” respectively.

Panel A: b 4= 0.02

rA=1 A=15 A=225 A=3
EP.A (%) 0.32 0.57 0.95 1.31
EPa > EPiq (=0.15%) Y Y Y Y
EP.a > EPg; (=0.45%) N Y Y Y
Is LA closer to log? Y N N N
Does LA survive? Y N N N
Panel B: b ,=0.2

rA=1 rA=15 r=225 A=3
EP A (%) 0.10 0.74 1.43 1.89
EPa > EPiq (=0.15%) Y Y Y
EPLa > EPgz (=0.45%) Y Y Y
Is LA closer to log? ? N N N
Does LA survive? Y N N N
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Table V Price Impact of the LA-Investor: EIS =1

This table reports the distributions of the LA-investor's impact on asset prices at times t=50, 100,
and 1000 years when the LA-investor has initial wealth shares of w,=0.5 or ¢=0.9 and both
investors have a relative risk aversion coefficient of 1 (Panel A) or 3 (panel B). The price impact
is measured by EPY/EPg, the ratio of the conditional equity premium in the heterogeneous agent
economy to the equity premium in the economy with only the EZ-investor. Both investors have a
unit EIS (EISgz = EIS.a = 1) and they have the same time patience parameter (Bez = fLa= 0.98).
The technology parameters in both economies are fixed at the values in Table I. Each entry in
this table associated with t > 0 has three elements, corresponding, respectively, to the 5%, 50%,
and 95% percentiles of the distributions of EP/EPgz. The quantiles are estimated from the 5000
simulated sample paths at time t. The variables EP, o and EPgz are equity premiums in the
representative agent economies populated with the LA-investor and the EZ-investor,
respectively.
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Table V Price Impact of the LA-Investor: EIS =1 (Cont.)

Panel A: 5%, 50%, and 95% percentiles of (EP/EPgz) when RAgz = RA A =1 ({ez={1a=0)

t=50
t=100
t=1000

t=50
t=100
t=1000

(Al) bLA: 0.02

A=2.25 (EPLa=0.79, EPgz = 0.15)

A =3 (EPLa= 1.19, EPg; = 0.15)

Wo = 0.5

o = 0.9

o = 0.5

o = 0.9

1.9933

[1.4317 1.8219 2.9837]
[1.2973 1.6804 3.2219]
[1.0251 1.1468 1.8487]

4.9583
[2.1311 4.6164 5.1976]
[1.6444 2.9883 5.2150]
[1.0348 1.1889 2.0776]

1.9933
[1.4317 1.8219 2.9813]
[1.2973 1.6803 3.1304]
[1.0248 1.1451 1.8220]

6.9932
[1.9438 3.4092 7.4518]
[1.5579 2.4239 7.2660]
[1.0320 1.1722 1.9227]

(A2) bis=0.2
A=2.25(EPa=1.41, EPgz=0.15) A =3 (EPLa=1.88, EPgz=0.15)
wy =05 wo=0.9 wo =05 wo=0.9
1.9933 8.9629 1.9933 8.9590

[1.4317 1.8219 2.9790]
[1.2973 1.6803 3.1202]
[1.0248 1.1448 1.8164]

[1.9008 3.0970 9.2290]
[1.5380 2.3034 7.1630]
[1.0311 1.1681 1.8986]

[1.4317 1.8219 2.9790]
[1.2973 1.6803 3.1100]
[1.0248 1.1446 1.8122]

[1.8853 2.9820 8.7371]
[1.5254 2.2575 5.3833]
[1.0309 1.1665 1.8940]

Panel B: 5%, 50%, and 95% percentiles of (EPY/EPgz) when RAg; = RA A =3 ({ez={1a=-2)

t=50
t=100
t=1000

(Bl) bLA =0.02

A=225 (EPLa=0.95, EPgz = 0.45)

A =3 (EPLa= 1.31, EPgz = 0.45)

o = 0.5

o = 0.9

o = 0.5

o = 0.9

1.7327
[1.3181 1.5890 1.7885]
[1.1877 1.3686 1.7487]
[1.0013 1.0082 1.0439]

2.0746
[1.9902 2.0500 2.0802]

[1.8554 1.9984 2.0723]
[1.0038 1.0205 1.0952]

1.8145
[1.3031 1.5029 1.9186]
[1.1803 1.3487 1.7291]
[1.0013 1.0079 1.0424]

2.8444
[1.8671 2.6595 2.8328]
[1.4031 1.8451 2.7346]
[1.0020 1.0113 1.0557]

(B2) bia=0.2
A=225(EP o=1.43,EPgz;=0.45) A =3 (EP_A=1.89, EPgz=0.45)
wo =05 wo=0.9 wo=0.5 wo=0.9
1.8083 3.1782 1.8057 4.1599

[1.3032 1.5029 1.9085]
[1.1803 1.3488 1.7235]
[1.0013 1.0079 1.0424]

[1.6659 2.3577 3.1695]
[1.3367 1.6581 2.7276]
[1.0018 1.0105 1.0525]

[1.3032 1.5028 1.9044]
[1.1804 1.3488 1.7240]
[1.0013 1.0079 1.0424]

[1.5447 1.9470 2.9489]
[1.2887 1.5476 2.1180]
[1.0017 1.0098 1.0501]
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Table VI Survival and Price Impact of the LA-Investor: EIS = 0.5

This table reports the distributions of the LA-investor's wealth shares (w;) and price impacts
(EP/EPg;) at times t=50, 100, and 1000 years when the LA-investor has initial wealth shares of
®o=0.5 and both investors have a relative risk aversion coefficient of 1 (Panel A) or 3 (panel B).
Both investors have a common EIS: EISgz = EIS 4 = 0.5. They have the same time patience
parameter: fez = fLa= 0.98. The technology parameters are fixed at the values in Table I. Each
entry in this table associated with t > 0 has three elements, corresponding, respectively, to the
5%, 50%, and 95% percentiles of the distributions of o and EP/EPgz. The quantiles are

estimated from the 5000 simulated sample paths at time t.

Panel A: 5%, 50%, and 95% percentiles of w; when RAg; = RA A =1 ({gz =14 =0)

(A1) bia=0.02 (A2) ba=0.2
A=225 A=3 A=225 A=3
t=0 0.50 0.50 0.50 0.50
t=50 [0.3148 0.4775 0.6894] [0.3148 0.4774 0.6908] [0.3147 0.4772 0.6916] [0.3147 0.4772 0.6919]
t=100 [0.2447 0.4343 0.7601] [0.2446 0.4343 0.7457] [0.2446 0.4342 0.7448] [0.2446 0.4342 0.7444]
t=1000 [0.0379 0.2028 0.8938]  [0.0376 0.1961 0.6673] [0.0376 0.1921 0.6215]  [0.0374 0.1910 0.6112]

Panel B: 5%, 50%, and 95% percentiles of (EPY/EPgz) when RAg; = RA A =1 ({gz={1a=0)

(B1) bia=0.02 (B2) bia= 0.2
A=2.25 A=3 A=2.25 %=3

t=0 1.8874 1.8941 1.8984 1.9002

t=50 [1.4269 1.8184 2.6928] [1.4270 1.8226 2.7720] [1.4271 1.8253 2.8295] [1.4270 1.8264 2.8534]

t=100 [1.3041 1.6964 3.0570] [1.3040 1.6986 3.1374] [1.3040 1.6998 3.2264] [1.3039 1.7003 3.2581]

t=1000 [1.0378 1.2400 3.4570] [1.0375 1.2303 2.6328] [1.0374 1.2246 2.4118] [1.0372 1.2231 2.3672]
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Figure 1 Price Impact and Stock Market Participation

Figure 1 graphs the price impact (EP/EPgz) and the stock investment policy (Spay) of the LA-
investor. The technology parameters are fixed at the values in Table I. The preference
parameters are EISgz = EIS A =1, RAez = RAA =1, ﬁEZ :ﬁLA: 098, A=3 and bLA:0.0Z.
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Figure 2 Survival of the LA-Investor when EISgz = EIS; A =15

Figure 2 graphs the probability density functions (p.d.f.s) of the LA-investor's wealth shares (wy)
at times t=50,100,1000 when EISgz = EIS; a =1.5. The p.d.f.s are estimated non-parametrically
from 5000 simulated data. At time 0, each investor has half of the aggregate wealth; that is,
®0=0.5. The technology parameters are fixed at the values from Table I. The other preference

parameters are RAgz = RA A = 1, fez = fia=0.98, A=2.25 and b 4=0.02.

8 T T T
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Figure 3 Consumption Policies when EISgz = EIS; A = 0.5

Figure 3 depicts the consumption policies of both investors when EISgz = EIS; 4 =0.5. The other
preference parameters are RAgz = RALa =1, fez = fia=0.98, A=2.25 and b; =0.2. The
technology parameters are fixed at the values in Table I.
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Figure 4 Survival and Consumption Policies when EISgz < EIS a

Figure 4 depicts the probability density functions (p.d.f.s) of the LA-investor's wealth shares ()
at times t = 50,100,1000, as well as the consumption policies of both investors when EISgz =0.5
and EIS 4=0.7. The other preference parameters are RAgz = RA A =1, fez = fia=0.98, A=2.25
and b 4=0.02.. The technology parameters are fixed at the values in Table I. The p.d.f.s are
estimated non-parametrically from 5000 simulated data. At time 0, each investor has half of the
aggregate wealth; that is, w=0.5.
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Figure 5 Survival and Consumption Policies when ez < fia

Figure 5 depicts the probability density functions (p.d.f.s) of the LA-investor's wealth shares ()
at times t=50,100,1000, as well as the consumption policies of both investors when fez =0.96
and pa = 0.98. The other preference parameters are EISgz =EIS o =1.5, RAgz = RA A =1, A=2.25
and b_, =0.02. The technology parameters are fixed at the values in Table I. The p.d.f.s are
estimated non-parametrically from 5000 simulated data. At time 0, each investor has half of the
aggregate wealth; that is, w=0.5.
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