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Abstract

The endowment e®ect describes the fact that people demand much

more to give up an object than they are willing to spend to acquire it.

The existence of this e®ect has been documented in numerous exper-

iments. We attempt to explain this e®ect by showing that evolution

favors individuals whose preferences embody an endowment e®ect. The

reason is that an endowment e®ect improves one's bargaining position

in bilateral trades. We show that for a general class of evolutionary

processes almost all individuals will have a strictly positive and ¯nite

endowment e®ect.
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1 Introduction

The endowment e®ect describes the fact that people demand much more to

give up an object than they are willing to spend to acquire it (Thaler, 1980).

This phenomenon that people attach higher values to goods if they are in

their possession is very well established in the experimental literature (see

Kahneman et al., 1991, for an overview). In a famous experiment Kahneman

et al. (1990) distributed co®ee mugs to every other student in a classroom.

When asked to state their valuations for the mugs, the `mug{owners' had

on average a much higher valuation than the other students. In fact, the

willingness to accept (WTA) by the mug{owners was about twice as high

as the willingness to pay (WTP) by the remaining students. Such extreme

di®erences seem unreasonable but they have been con¯rmed in countless

other experiments (see e.g. Knetsch, 1989, or Knetsch and Sinden, 1984)

and must by now be accepted as a stylized fact.1

The endowment e®ect is not just an experimental curiosity. As pointed

out by Kahneman et al. (1990), the endowment e®ect questions the validity

of the Coase Theorem. The Coase Theorem states that the allocation of

property rights does not in°uence the way external e®ects are internalized

by the market. However, if the endowment e®ect in°uences the valuations,

property rights do matter. One real life example where the endowment e®ect

might play an important role is the market for so{called \reverse mortgages"

(see e.g., Weinrobe, 1988). Reverse mortgages are contracts in which a home

owner sells back his property to the bank in exchange for an annuity often

including a life insurance component. Those contracts seem to be sensible

instruments if one is risk averse and wants to smooth consumption over

the life cycle. Although reverse mortgages are available in the US since

1981, there has been little demand for them (Venti and Wise, 1990). The

endowment e®ect may present an explanation for this lack of demand since it

would lead home owners to attach excessively high values to their property.

Knez and Smith (1987) and Coursey et al. (1987) challenged the view

that the experiments are proof for preferences that depend on endowments.

Coursey et al. found that the di®erences between WTA and WTP are

smaller when a Vickrey auction is used to determine the valuations or when

subjects have the opportunity to gain experience in a market setting. 2

1Kahneman et al. (1990) alone report experiments with more than 700 subjects.
2However, substantial di®erences between WTA and WTP remain also in the Coursey

et al. (1987) experiment. For a critique of the Coursey et al. experiment see Knetsch and

Sinden (1987).
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They argue that the observed behavior may be due to the fact that subjects

mistakenly apply bargaining behavior which is sensible in normal bargain-

ing situations but inappropriate in the experiments, namely to understate

one's WTP and to overstate one's WTA. Coursey et al. (1987) conclude

that the endowment e®ect should play a lesser role in market environments

or auctions. In reaction to this Kahneman et al. (1990) used markets in

their experiments and still found a very strong endowment e®ect. It seems

that the observed endowment e®ect cannot be explained by strategic con-

siderations. Rather, it truly re°ects endowment dependent preferences.

Preferences of an individual are determined by his genes and/or his so-

cialization. In both cases they can be regarded as the product of an evo-

lutionary process, either biological or cultural. Therefore, if one wants to

explain the existence of the endowment e®ect, one has to ask for the evo-

lutionary bene¯ts of having such preferences. The purpose of our paper is

to analyze theoretically whether people are better o® with an endowment

e®ect than without. Furthermore, we ask whether plausible evolutionary

dynamics lead to populations which exhibit an endowment e®ect.

In our model we consider subjects endowed with di®erent goods. Ini-

tially, one group is endowed only with good x, the \x{owners", while the

other group is endowed only with y, the \y{owners". As an example con-

sider a population made up of hunters and farmers. It is probably healthy

to consume a balanced diet of meat and cereal, which is only possible if

hunters and farmers engage in trade.

During most of the history of mankind trade took place within small

groups that did not resemble a market. Furthermore, as children and

teenagers | when our socialization takes place | we trade things with

friends or siblings. Again, these trades take place not in market situations

but rather in bilateral or multilateral bargaining situations. Hence, genet-

ically determined preferences as well as those determined by socialization

should mainly be formed in individual bargaining situations rather than in

market situations.3 Therefore, we have chosen a model in which the terms

3There exists a lot of experimental evidence that market clearing equilibria arise even

in small groups. In these experiments, however, trade takes place on centralized markets

with well speci¯ed rules like the oral double auction. Such markets are neither typical
for most of the human history nor for trades conducted in early periods of individual life.

Therefore, decentralised markets without speci¯ed rules like that tested by Chamberlain

(1948) seem to be more appropriate for the examination of the problem at hand. We have
no indication that such markets clear. Rather, it seems that on such markets homogenous

goods are traded at di®erent prices. As a simpli¯cation of such a situation we have chosen a

bilateral bargaining model which is, of course, an extreme example of a trading institution
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of trade are determined by bargaining and not by a market mechanism.

It is important to di®erentiate two concepts, the (objective) ¯tness an

individual derives from the consumption of the two goods and the (subjec-

tive) utility derived from those. In the hunter{farmer example above ¯tness

is given by the \nutritional value" of the diet, with balanced diets yielding

higher ¯tness. Utility may di®er from this when there is an endowment ef-

fect. A hunter with an endowment e®ect would like meat more than is good

for him in terms of ¯tness. Why would a hunter develop an endowment

e®ect, which lets him consume meat and cereal in suboptimal proportions?

The answer is that an endowment e®ect may improve his bargaining posi-

tion and result in higher ¯tness despite the distortion from the optimal rate

of substitution between meat and cereal.

We assume that the bargaining takes place according to the Nash bar-

gaining solution. Developing an endowment e®ect in this context has two

e®ects. First, an endowment e®ect distorts the marginal rate of substitution,

at which a person is willing to trade, away from the \objective" marginal

rate of substitution given by the ¯tness function. But secondly, the endow-

ment e®ect moves the threat point in one's favor.

Since we are interested in the evolutionary success of the endowment

e®ect, we have to compare the ¯tness of individuals with and without an

endowment e®ect. The endowment e®ect is formalized by an \endowment

parameter" which is an additive term in the utility function and can take

any positive real value. We make the straightforward assumption that the

share of individuals with a given endowment parameter grows faster than

the share of other individuals if and only if the former receive a higher

average payo® (measured in ¯tness) than the latter. These so{called growth

monotonic dynamics (Weibull, 1995) can be seen as the result of genetic

evolution or as the result of (cultural) imitation.

Our main result is that it always pays to develop an endowment e®ect.

We show that starting from any interior initial condition the evolutionary

process will drive down the share of individuals without an endowment pa-

rameter to zero. Preferences that exhibit an endowment e®ect can therefore

be explained by the success people endowed with these preferences had in

the past.

Notice the di®erence of our explanation to that of Coursey et al. (1987).

We do not assume that individuals misrepresent their true valuations for

that allows for di®erent prices. We think, however, that as long as the "law of one price"
does not hold our results remain valid.
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strategic reasons. Rather we assume that people behave in accordance with

their preferences, and it turns out that people with endowment preferences

do evolutionary better than those without.4

There are several papers in the recent literature that study bargaining

behavior from an evolutionary viewpoint, e.g. Young (1993), Gale et al.

(1995), Huck and Oechssler (1996), Ellingsen (1996) and Carmichael and

MacLeod (1996). The last three papers are closest to the current paper.

Huck and Oechssler (1996) study the evolution of preferences in the Ultima-

tum Game using the indirect evolutionary approach, which is also used in

the current paper. Ellingsen's (1996) paper is concerned with the evolution

of bargaining behavior in the Nash demand game. In his setup there are

two types of players, \rational" (or responsive) types and \obstinate" types.

Ellingsen shows that only a mix of responsive types and obstinate types who

demand an even split can be evolutionary stable.

In independent work Carmichael and MacLeod (1996) arrive at similar

conclusions as the current paper. They show for an example with a square{

root ¯tness function that it may be advantageous to develop an endowment

e®ect in bargaining situations. However, they do not use (static or dynamic)

evolutionary concepts. Rather, they look for e±cient Nash equilibria, which

are, as the recent literature on evolutionary games shows (see e.g. Kandori,

Mailath and Rob, 1993), not always the equilibria selected by evolution.

The remainder of the paper is organized as follows. In the next section

we describe the basics of the model. Then we analyze the bargaining process.

In Section 4 we show that the endowment e®ect is an evolutionary advantage

and in Section 5 we analyze the dynamics of the evolutionary process. In

the last section conclusions are drawn.

2 The model

Consider an economy with two goods, x and y : There are two types of

individuals, those who have an endowment of x only, the \x{owners", and

those with an endowment of y, the \y{owners". Each individual has an

endowment of one unit of his good. We suppose that there is a continuum

of individuals of each type with the relative size of the two populations

being constant. Individuals from both populations are randomly matched

to engage in bilateral trade.

4This \indirect evolutionary approach" was developed by GÄuth and Yaari (1992).
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Individuals derive ¯tness from the consumption of x and y according

to the objective ¯tness function F(x; y) : [0; 1]2 ! R, which is the same

for all individuals. We assume that F(x; y) is strictly increasing in both

arguments, strictly concave, twice continuously di®erentiable and bounded.

The partial derivatives Fx(x; y) and Fy(x; y) are bounded and the cross{

derivative Fxy(x; y) is strictly positive. Furthermore, we impose a weak

form of symmetry between x and y in the sense that their contribution to

¯tness is not too di®erent. Namely, we assume that consuming all of one

good is better than consuming only half of the other, i.e., F (1; 0) > F (0; 1
2
)

and F(0; 1) > F(1
2
; 0):

Individuals also derive subjective utility from the consumption of x and

y, which may di®er from objective ¯tness. In particular, we assume that

x{owners may develop a utility function of the form

U1(x1; y1) := F (x1; y1) + e1x1:

Similarly for y{owners

U2(x2; y2) := F (x2; y2) + e2y2:

The additional term with the endowment parameter ei ¸ 0 signi¯es an in-

creased preference for the good one owns. For computational simplicity we

restrict our attention to this class of preferences. But notice that the main

result of our paper, which relates to the existence of an endowment e®ect,

does not depend on this restriction. Clearly, it may be the case that we

exclude preferences that do better than those allowed in our model. But

these better preferences cannot be preferences without an endowment e®ect

(ei = 0), since such preferences are included in the class of preferences we

allow for.

For notational convenience we will from now on work with incremental

¯tness, which is the di®erence between F(x; y) and the ¯tness an individual

receives from consuming his endowment. For x{owners incremental ¯tness

is

F(x; y) := F(x; y)¡F (1; 0)

and similarly for y{owners

F2(x; y) := F (1¡ x; 1¡ y)¡F (0; 1);

where we generally drop the subscript \1" , i.e. x = x1; F(x; y) = F1(x; y)

etc. Furthermore, since total endowment of both goods is one, we can replace
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x2 by 1¡ x: Partial derivatives of the y{owner are denoted by F2z(x; y) :=

Fz(1¡ x; 1¡ y) for z = x; y.

Since a±ne transformations of the utility function do not a®ect the analy-

sis, we normalize the utility functions in the following way.

U(x; y) := F (x; y) + e1x

U2(x; y) := F2(x; y) + e2(1¡ y):

Note that with this transformation U(0; 0) < 0 · e1 = U(1; 0) < U(1; 1):

3 The bargaining process

Consider now a bargaining situations in which two individuals, one from

each type, are randomly matched to bargain about x and y. Let us denote

the feasible set of allocations in utility space by S. Since F(x; y) is bounded

and strictly concave, S satis¯es all standard assumptions, in particular, for

¯nite endowment parameters, e1 and e2; S is bounded, closed and strictly

convex. Due to our normalization the threat point d is simply given by

(e1; e2).

We assume that if Pareto improving allocations are feasible, the Nash

bargaining solution is being implemented.5 As usual, the Nash bargaining

solution is obtained by maximizing the Nash product N(x; y)

(x¤; y¤) := arg max
(x;y)2[0;1]2

N(x; y); (1)

where

N(x; y) := (U(x; y)¡e1)(U2(x; y)¡e2) = (F(x; y)+e1x¡e1)(F2(x; y)¡e2y):

If no Pareto improving allocation is feasible, individuals simply consume

their endowments.

Lemma 1 If there exist Pareto improving allocations, then there is an in-

terior Nash solution, (x¤; y¤) 2 (0; 1)2: Furthermore, this solution is unique.

5In principle, this implies that the utility functions of both individuals in a match are
commonly known. Ellingsen (1996) provides strong arguments in favor of this assumption.
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Proof If Pareto improving allocations exist, the maximized Nash product

N(x¤; y¤) must be strictly positive, i.e. both individuals must be strictly

better o® than in their endowment.

Suppose (x¤; y¤) were on a boundary. There are four cases.

(1) y¤ = 0; x¤ 2 [0; 1]: Obviously, the x{owner is (weakly) worse o® than

with his endowment since

U(x¤; 0) = F(x¤; 0) + e1x
¤ · F (1; 0) + e1 = U(1; 0);

which yields a contradiction.

(2) x¤ = 1; y¤ 2 (0; 1]: Similar to case (1) with the y{owner being worse

o®.

(3) x¤ = 0; y¤ 2 (0; 1]: For this to be a Nash solution it must hold that

Nx(x
¤; y¤) = (Fx + e1)(F2 ¡ e2y

¤)¡ F2x(F + e1x
¤ ¡ e1) · 0

Ny(x
¤; y¤) = Fy(F2 ¡ e2y

¤)¡ (F2y + e2)(F + e1x
¤ ¡ e1) ¸ 0

which implies that

MRS1 =
Fx + e1

Fy
·

F2x

F2y + e2
=MRS2: (2)

For the x{owner to be better o® than with his endowment, we must have

that y¤ ¸ 1
2
. Because of Fxy > 0 and Fxx < 0 it follows that

Fx(0; y
¤) > Fx(1; 1¡ y¤) = F2x(0; y

¤)

and

Fy(0; y
¤) < Fy(1; 1¡ y¤) = F2y(0; y

¤);

but this contradicts (2):

(4) x¤ 2 (0; 1); y¤ = 1: This case is equivalent to case (3).

To prove uniqueness, suppose there exist two interior Nash solutions

(x; y) and (x0; y0). Since utility functions are concave both individuals would

prefer any convex combination of (x; y) and (x0; y0) over (x; y) and (x0; y0).

These convex combinations are feasible which yields a contradiction.

Lemma 2 A Pareto improving bargaining solution exists i®

Fx(0; 1)Fy(1; 0)¡Fx(1; 0)Fy(0; 1) > e1Fx(0; 1) + e2Fx(1; 0) + e1e2:
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Proof A Pareto improving bargaining solution exists i® the problem

max
x;y

U2(x; y) s.t. F (x; y) + e1x = e1

has a value U2 > e2: Let ex(y) denote the x that solves the constraint for a

given y. Implicitly di®erentiating we ¯nd that

dex
dy

=
¡Fy

Fx + e1
< 0

and
d2ex
dy2

=
2(Fx + e1)FyFxy ¡ (Fy)

2Fxx ¡ (Fx)
2Fyy

(Fy)3
> 0:

Substituting ex(y) into U2(x; y) and di®erentiating yields

dU2

dy
= ¡F2x

dex
dy
¡F2y ¡ e2

and
d2U2

dy2
=

µ
dex
dy

¶2

F2xx +
dex
dy
F2xy ¡

d2ex
dy2

F2x + F2yy < 0:

Since U2(y) is concave, a Pareto improving allocation exists i®

dU2

dy

¯̄
¯̄
y=0

> 0

or

F2x(1; 0)
Fy(1; 0)

Fx(1; 0) + e1
¡ F2y(1; 0)¡ e2 > 0:

Noting that F2x(1; 0) = Fx(0; 1) etc. one gets the above condition.

That is, for a given e2 there is a critical upper bound for e1 (and equiv-

alently for e2) given by

e1(e2) =
Fx(0; 1)Fy(1; 0)

Fy(0; 1) + e2
¡Fx(1; 0): (3)

If either e1 ¸ e1(e2) or, equivalently, e2 ¸ e2(e1), no Pareto improving

allocation exists and no trade will take place. Note that e1(e2) is continuous

and strictly decreasing in e2. The maximal value of ei(ej) is therefore bei :=
ei(0). Analogously, one obtains ei(bej) = 0.
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4 Does it pay to develop an endowment e®ect?

Clearly, the outcome of the Nash bargaining solution depends on the en-

dowment parameters e1 and e2. There are two e®ects: On the one hand,

developing an endowment e®ect changes the threat point in one's favor.

But on the other hand, the endowment e®ect distorts the consumption mix

away from the optimal (in terms of ¯tness) mix since the marginal rates of

substitution in terms of ¯tness and in terms of utility become di®erent.

Now compare an x{owner with endowment parameter e1 = 0 and an

x{owner with a slightly positive endowment parameter both being matched

with a y {owner with e2 < be2: Which of the x{owners would be better o®

in these encounters? The next proposition shows that, in fact, it always

pays to develop at least a small endowment e®ect. Individuals with a small

endowment e®ect earn more in terms of ¯tness than others without an en-

dowment e®ect. This is due to the fact that the positive e®ect caused by

the improvement of the bargaining position overcompensates the negative

e®ect caused by the distortion of the marginal rate of substitution.

Proposition 1 The ¯tness of an individual without an endowment e®ect

(ei = 0) is strictly increasing in the endowment parameter ei given any

endowment parameter of the other player ej < bej.
Note that for values ej ¸ bej no Pareto improving allocation exists as

shown in Lemma 2. Therefore, developing an endowment e®ect in these

cases does not help (but does not harm either).

Proof We will show that for all e2 < be2
@F(x¤(e1; e2); y

¤(e1; e2))

@e1
= Fx

@x¤

@e1
+Fy

@y¤

@e1
> 0 (4)

at e1 = 0: Di®erentiating the ¯rst order conditions for the problem (1),

Nx = 0 and Ny = 0; with respect to e1, we get that

@x¤

@e1
=
Nye1Nxy ¡Nxe1Nyy

NxxNyy ¡ (Nxy)2
and

@y¤

@e1
=
Nxe1Nxy ¡Nye1Nxx

NxxNyy ¡ (Nxy)2
: (5)

As shown in Lemma 1 the solution to (1) is an interior maximum if a Pareto

improving allocation is feasible. By Lemma 2 such an allocation is feasible

for all e2 < be2. Therefore, the second order condition NxxNyy ¡ (Nxy)
2 ¸ 0

is satis¯ed. What remains to show is that at e1 = 0

Nxe1(FyNxy ¡FxNyy) +Nye1(FxNxy ¡ FyNxx) > 0:
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Both, Nxe1 and Nye1 are positive,

Nxe1 = F2 ¡ e2y +F2x(1¡ x) > 0

Nye1 = (1¡ x)(F2y + e2) ¸ 0:

Note that F2 > e2y. Otherwise the allocation would not be Pareto

improving.

Thus it su±ces to show that

FyNxy ¡FxNyy > 0 (6)

and

FxNxy ¡FyNxx > 0: (7)

At an interior solution MRS1 =MRS2, which implies that

Fx + e1

Fy
=

F2x

F2y + e2
:

Thus, for e1 = 0, we have

FyF2x = FxF2y + Fxe2: (8)

Given that

Nxy = Fxy(F2¡e2y)+F2xy(F+e1x¡e1)¡Fx(e2+F2y)¡FyF2x¡e1e2¡e1F2y

we can de¯ne

N 0 := ¡2FyF2x < Nxy;

where the inequality follows from (8). To verify claim (6 ) we show that

FyN
0 ¡ FxNyy > 0 at e1 = 0:

FyN
0 ¡FxNyy

= 2FxFye2 + 2Fy(FxF2y ¡ FyF2x) ¡FxFyy(F2 ¡ e2y)| {z }
>0

¡FxF2yyF:| {z }
>0

By (8) it follows that

2FxFye2 + 2Fy(FxF2y ¡ FyF2x) = 0;

which proves the ¯rst claim.

The second claim is that FxN
0¡FyNxx > 0: But this follows immediately:
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FxN
0 ¡FyNxx

= ¡2FxFyF2x ¡ Fy(F2xxF ¡ 2FxF2x +Fxx(F2 ¡ e2y))

= ¡FyF2xxF| {z }
>0

¡FyFxx(F2 + e2y)| {z } :
>0

De¯ning H(ej) = fe¤i : e
¤
i = argmaxei F (x

¤(e1; e2); y
¤(e1; e2))g one can re-

state Proposition 1 as

ej < bej ) infH(ej) > 0:

Due to the Theorem of the Maximum (Berge, 1963) the correspondence H(¢)

is upper hemi{continuous. It is important to note that

lim
ej!bej

supH(ej) = 0:

The latter follows since only for ei 2 [0; ei(ej)) gains of trade are feasible.

As ej converges to bej the upper bound of this interval converges to 0.

Proposition 1 is concerned with the value of having an endowment e®ect

vis µa vis a trading partner with a speci¯c given endowment parameter. In our

model, however, the partner is chosen randomly from a population, which

is, in general, not monomorphic with respect to the endowment parameter.

Hence, one has to analyze the expected value of an endowment e®ect vis

µa vis a distribution of di®erent partners, i.e. a distribution of endowment

parameters.

Recall our assumption that there are two in¯nite populations of x{ and

y{owners. Let (R+;F ; ¹i) denote a probability space, where the probability

measure ¹i speci¯es the distribution of endowment parameters (\types") in

population i and F is the Borel algebra. The support of ¹j is denoted by §j

½ R+. Finally, the distance between two probability measures ¹i and ¹0i is

measured by the sup{norm (variational norm, see e.g. Bomze and PÄotscher,

1989, p. 47)

jj¹i ¡ ¹0ijj := sup
A2F

j¹i(A)¡ ¹0i(A)j:

A population game is de¯ned by the pair of probability measures ¹1; ¹2, and

by a pair of average ¯tness functions

eF1(e1; ¹2) =

Z 1

0

F (x¤(e1; e2); y
¤(e1; e2))d¹2(e2)

eF2(¹1; e2) =

Z 1

0

F2(x
¤(e1; e2); y

¤(e1; e2))d¹1(e1)
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which speci¯es the average ¯tness a type ei receives in population i given

the distribution of types in population j.

Corollary 1 The ¯tness of a player without an endowment e®ect is strictly

increasing in his endowment parameter ei given any distribution of types in

the other population with ¹j([0;bej)) > 0:

Proof Since (4) holds for any ej < bej , average ¯tness eFi(ei; ¹j) is strictly
increasing in ei at ei = 0 for any distribution with ¹j([0; bej)) > 0: Since

@Fi(x
¤(e1; e2); y

¤(e1; e2))

@ei
= 0

for all ej ¸ bej , the corollary follows.

5 Evolutionary dynamics

Proposition 1 and Corollary 1 show that preferences embodying an endow-

ment e®ect are evolutionarily advantageous. In this section we will introduce

a plausible class of evolutionary dynamics in order to investigate whether

this advantage is strong enough to lead to the extinction of \rational" in-

dividuals, that is, individuals without an endowment e®ect. Furthermore,

if there is an advantage to having an endowment e®ect, the question arises

whether it is so strong that individuals will engage in an \arm's race" ending

up with in¯nite endowment parameters, which, of course, would result in an

ine±cient no{trade situation. Finally, we ask under what conditions stable

monomorphic populations exist.

The evolutionary dynamics describe how the distribution of types in

the two populations changes over time. Let ­ denote the state space of

the process, i.e. ­ is the set of all probability measures over endowment

parameters in both populations. Let ! := (¹1; ¹2) be a typical element of

­. The °ow of the system starting from an initial state !0 is denote by

't(!0):

We will assume that the evolutionary dynamics are regular6 (Weibull,

1995) and payo® monotonic. The latter assumption simply says that types

with higher average ¯tness have higher growth rates, or formally

6A process ' is regular if it is Lipschitz continuous and if it remains in the simplex at
all times, i.e. _¹(­) = 0.
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De¯nition 1 A dynamic process f't(!)g is called payo® monotonic if for

i = 1; 2 and for all A and A0 2 F

1

¹ti(A)

Z
A

~F(ei; ¹j)d¹
t
i(ei) >

1

¹ti(A
0)

Z
A0

~F (ei; ¹j)d¹
t
i(ei),

_¹ti(A)

¹ti(A)
>

_¹ti(A
0)

¹ti(A
0)
;

where _¹ti(A) denotes the time derivative of ¹
t
i(A):

An example for the class of processes which satisfy the above assumptions

is the continuous version of the replicator dynamics, which are de¯ned as 7

_¹i(A) =

Z
A

~F(ei; ¹j)d¹i(ei)¡ ¹i(A)

Z 1

0

~F(ei; ¹j)d¹i(ei):

Most plausible evolutionary or learning processes will have to satisfy pay-

o® monotonicity. In particular, payo® monotonic dynamics describe well

cultural imitation processes (see Weibull, 1995).

A state ! is called stationary if 't(!) = ! for all t. Trivially, all states are

stationary in which the cardinalities of both, §1 and §2, are one, i.e. if both

populations are monomorphic. Additionally, there may also be absorbing

states with polymorphic populations. Given the multiplicity of stationary

states we are interested in their stability properties. A stationary state ! is

(Lyapunov) stable if for every neighborhood U of ! there exists a neighbor-

hood U 0 of ! in U such that 't(!0) 2 U for all !0 2 U 0 and t ¸ 0.

We will demonstrate ¯rst that all states in which some individuals have

no endowment e®ect or states in which some individuals have an excessively

high (or even in¯nite) endowment e®ect are not stable. We prove this by

showing that no \boundary" state can be (Lyapunov) stable. Boundary

states are states in which in one of the populations there is either a positive

probability mass of individuals with no endowment e®ect or with exceedingly

high endowment e®ects. That is, ! 2 ­ is a boundary state if in at least one

population i either ¹i(f0g) > 0; or ¹i ([bei;1]) > 0: Let B denote the set of

all boundary states and B all stationary points in B:

Proposition 2 All ! 2 B are unstable.

The proof of the proposition is based on the following lemma. Let

±i(¹j) := inffei : ei = argmax ~Fi(¢; ¹j)g and ±¤i (!) := inff±i(¹j) : 9t > 0

7Usually, the replicators dynamics are de¯ned for ¯nites state spaces. See however
Friedman and Yellin (1996) and To (1995) for a generalization to continuous state spaces.
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and some ¹i s.t. (¹i; ¹j) = 't(!)g: That is, ±¤i (!) is the smallest endow-

ment parameter that maximizes the ¯tness function ~Fi(¢; ¹j) along the °ow

originating in !.

Lemma 3 Suppose ! = (¹i; ¹j) with ¹j([êj ;1]) = m < 1: Then there

exists a ±¤i (!) > 0 such that for I := (0; ±¤i (!))

1

¹(I)

Z
I

~F(ei; ¹j)d¹i(ei) > ~F (0; ¹j) > ~F (e0; ¹j); 8e
0 ¸ bei:

Proof To prove the ¯rst inequality note that due to growth monotonicity

1

¹(A)

Z
A

~F(ei; ¹j)d¹i(ei) = 0 ·
1

¹(A0)

Z
A0

~F (ei; ¹j)d¹i(ei);

8A ½ [êj ;1]; A0 ½ [0; êj): Therefore, ¹
t
j([êj ;1]) ·m; 8t ¸ 0:

Let Mj be the set of all ¹j with the property that ¹j([êj ;1]) ·m: We

claim thatMj is closed. Consider a sequence (¹j)
n with limn!1(¹j)

n = ¹¤j
and (¹j)

n 2 Mj for all n 2 N. Under the sup{norm this implies that

limn!1

¯̄
¯(¹j(A))n ¡ ¹¤j (A)

¯̄
¯ = 0 for all A 2 F . Since for all n 2 N and

A 2 F , 0 · (¹j(A))
n · 1; (¹j(

S
A))n = 1; and (¹j([êj ;1]))n · m, it

follows that ¹¤j 2Mj . Hence, Mj is closed.

By Corollary 1 it follows that ±i(¹j) > 0 for all ¹j 2 Mj . Since Mj

is closed it follows that ±¤i (!) > 0 for all ! = (¹i; ¹j) with ¹j 2 Mj . By

continuity of ~Fi(¢; ¹j); ~Fi(ei; ¹j) > ~Fi(0; ¹j) for all 0 < ei < ±¤i (!): Hence,

average ¯tness on I must be strictly higher than ~Fi(0; ¹j):

The second inequality follows since by de¯nition of êi, ~Fi(e
0
i; ¹j) = 0 for

all e0i ¸ êi: However, ~Fi(0; ¹j) > 0 for all ¹j with ¹j([0; êj)) > 0:

Proof of Proposition 2 Fix some ! 2 B: Based on ! we construct another

state !0 := (¹01; ¹
0
2) by moving some probability mass from a mass point at

0 (if it exists) and some mass from [bei;1] (if it exists) to the open interval

I de¯ned in Lemma 3. To be precise let ¹0i ; i = 1; 2 be such that

¹0i (f0g) = ¹i(f0g)¡ "1; with "1 > 0 if ¹i(f0g) > 0

and

¹0i ([bei;1]) = ¹i([bei;1])¡ "2; with "2 > 0 if ¹i([bei;1]) > 0:

The mass on I is increased by setting

¹0i (I) = ¹i(I) + "1 + "2:

15



We can pick "1 ¸ 0 and "2 ¸ 0 such that ¹0i (A) ¸ 0;8A 2 F and such that

¹0i (¢) becomes arbitrarily close to ¹i(¢) in the sup{norm. Payo® monotonicity

in combination with Lemma 3 implies that

b¹0i (I) > b¹0i (f0g) > b¹0i ([bei;1]); (9)

where b¹0i (A) := _¹0
i
(A)

¹0
i
(A)

is the growth rate of A.

Consider now some neighborhood U of ! with the property that, 8!0 2

U; i = 1; 2

¹0i (f0g) + ¹0i ([bei;1]) > ®¹0i (I); ® > 0: (10)

We can choose "1 and "2 su±ciently small such that !0 2 U 0 for all open

neighborhoods U 0 of ! contained in U: Lipschitz continuity together with

(9) implies that any trajectory 't(!0) starting in !0 must eventually violate

(10), i.e. it must leave U .

The importance of Proposition 2 lies in the fact that it rules out stable

states in which some individuals have no endowment e®ect. On the other

hand, stable states in which some individuals have very high endowment

e®ect, which would make trade impossible, do not exist either. The non{

existence of stable boundary states does not by itself exclude the possibility

that the process spends a signi¯cant amount of time in the set of boundary

states. However, the following proposition demonstrates that the proportion

of individuals without or with very high endowment e®ects converges to zero

as time progresses.

Let D := f! : 8± > 0; ¹i ((0; ±)) > 0; i = 1; 2g denote the set of states in

which in both population some probability mass is concentrated close to

0. Note that some ! 2 D may be boundary states but they can never be

stationary boundary states.

In the literature it is frequently assumed that initial states are interior

in the sense that all types are represented in the initial population (see e.g.

Cressman and Schlag, 1996, and Weibull, 1995). All such interior states

certainly belong to D: In fact, for the next proposition it is su±cient that

the states have full support on (0; bei): Obviously, belonging to D is weaker

still than this latter assumption.

Proposition 3 Starting from any initial state !0 2 D, the proportions of

types in both populations with endowment parameters of 0 or larger than bei
converge to 0 as t!1:
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Proof By de¯nition for all states !0 2 D there exists an interval I as de¯ned

in Lemma 3. By Lipschitz continuity of the process it follows from (9) that

for some · > 0 and A 2 ff0g; [bei;1]g

b¹ti(A)¡ b¹ti(I) < ¡· 8t ¸ 0; i = 1; 2:

Thus,
\µ¹ti(A)
¹ti(I)

¶
< ¡·; 8t ¸ 0

and hence
¹ti(A)

¹ti(I)
<
¹0i (A)

¹0i (I)
e¡·t; 8t ¸ 0:

Since ¹0i (I) > 0, the right hand side converges to zero as t ! 1. Hence,

¹ti(A)! 0 as well.

Proposition 3 is the main result of the paper. It demonstrates clearly that

evolution favors individuals with an endowment e®ect. After a su±ciently

long time almost all individuals will have a positive and ¯nite endowment

e®ect.

The question arises then whether the process ever settles down to a stable

state. While we cannot prove the existence of a stable state for the general

case, we can prove the existence of an evolutionary stable strategy combina-

tion (ESS) under the additional assumption that there always exists a unique

e¤i (ej) maximizing the reduced form ¯tness function Fi(x
¤(e1; e2); y

¤(e1; e2)).

Selten (1980) has shown that in asymmetric contests an ESS must be a strict

Nash equilibrium (and vice versa). A state ! = (¹1; ¹2) is a strict Nash equi-

librium of the population game if ¹i(feig) = 1; i = 1; 2 and

eF(ei; ¹j) > eF (e0i; ¹j); 8e0i 6= ei:

Proposition 4 If the correspondences H(e1) and H(e2) are single valued,

then there exists a strict Nash equilibrium !¤, in which both populations are

monomorphic.

Proof By the Theorem of the Maximum (Berge, 1963) the correspondences

H(ei) are upper hemi{continuous. If they are single valued, they are con-

tinuous reaction functions. We will argue that the reaction functions must

cross. This follows from two facts. First, the reaction function H(ej) con-

nects H(ej = 0) (which is strictly positive by Proposition 1) withH(bej) = 0,
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with bej < 1: Secondly, H(bej) > H(ei = 0) by equation (3 ). Since this is

true for both (continuous) reaction functions, H(e2) must cross H(e1) at

least once from above. Let us call this point (e¤1; e
¤
2). By de¯nition of H(ei)

it follows that (e¤1; e
¤
2) is a strict Nash equilibrium.

6 Conclusion

`Learning to like what you have' seems to be an evolutionarily successful

strategy. We have shown in this paper that an apparent behavioral anomaly,

the endowment e®ect, which has been observed in numerous experiments,

can be explained by evolutionary arguments. We have argued that people

acquire a preference for goods they own because it helps them in bargaining

situations.

This is quite di®erent from the observation that individuals may have

strategic incentives to lie about their true preferences. As convincingly ar-

gued by Frank (1988) and Ellingsen (1996) it is not always possible to cred-

ibly signal preferences which one does not hold. In our setting individuals

behave sincerely according to their preferences. Neither do they lie nor do

they commit themselves to non{credible threats. They simply develop an

endowment e®ect because individuals with an endowment e®ect end up with

more resources and therefore higher ¯tness. Note, however, that overall the

endowment e®ect causes an ine±ciency since there is a suboptimal amount

of trade. Feasible allocations which would be mutually bene¯cial in terms

of ¯tness are not implemented due to the bias in preferences.

It is important to notice that once evolution has brought forth prefer-

ences with endowment e®ects individuals will reveal their endowment e®ects

not only in bilateral trade but also in incentive compatible market situa-

tions. The systematic endowment e®ect observed in market experiments

can neither be explained by strategic misrepresentation of preferences nor

by erroneous behavior since in the latter case one should also expect to ob-

serve negative endowment e®ects, i.e. the case in which the average WTP

is greater than the average WTA. Taking these considerations into account

only explanations based on preferences with a `hard{wired' endowment ef-

fects seem to be consistent with experimental data.

Several open questions remain. While we suppose that our results hold

true for other cooperative bargaining solutions, this still has to be shown

formally. It would also be of interest to consider more general formulations

for the utility function. However, as pointed out above, including other
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utility functions will make it only more likely that an endowment e®ect would

result. Finally, we were not able to prove the existence of a stable state in

which all individuals have some ¯xed endowment parameter for the general

case. In our view this is nothing to worry about. We have shown that most

of time most of the individuals will have some positive and ¯nite endowment

e®ect | possibly varying between individuals. Looking at behavior in the

laboratory clearly reveals that one should not expect anything else. In nearly

all experiments there is an enormous variety in subjects' behavior suggesting

that theoretical results o®ering point predictions are doomed to fail.
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