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Abstract A two-period ultimatum bargaining game is developed in which par-
ties experience an envy-type externality coming from the surplus captured by their
counterparts. Our assumptions on envy levels and outside opportunities allow us to
characterize a richer set of bargaining outcomes than that identified by the prior litera-
ture, which includes a novel agreement equilibrium which we label Type I agreement.
As this novel agreement solution is delivered by a negotiation resembling a one-shot
ultimatumgame, only characteristics of the second-moving player shape the sources of
bargaining power. This property contrasts with that of Type II agreement—an agree-
ment solution previously reported by related literature—in which characteristics of
both players influence negotiating strengths. Numerical simulations are performed to
illustrate the interplay between envy, impatience rates and outside opportunities as
well as the degree of inequity generated by each agreement type.

Keywords Ultimatum game · Envy · Negative externality · Negotiation breakdown

1 Introduction

Over the last three decades, one of the more vibrant research lines in experimental
economics has been concerned with ultimatum-game experiments (see the extensive
survey by Güth and Kocher [7]). In particular, most recent works have focused on
studying how feelings and emotional states, like envy, anger, and others, can help
explain the puzzling results coming from this kind of experiments [6,10,19–21,23].
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In this vein, this paper proposes a two-stage ultimatum bargaining model in which
players suffer a negative externality arising from envy. In particular, we assume that
each negotiator experiences envy because of the surplus stake captured by his/her
rival. Using this model we identify (i) the conditions that make an agreement or a
negotiation breakdown more likely, (ii) the properties of a potential agreement, and
(iii) the sources of bargaining power.

More specifically, we show that the combination of envy and positive outside oppor-
tunities modifies the classical two-stage ultimatum game in such a way that we are
able to characterize a richer set of bargaining outcomes than that identified by the
previous literature. In this modified game, three different outcomes become possible,
depending on the size of what we will call the modified surplus at stake. The first of
these possible outcomes, a permanent negotiation breakdown, will occur if this surplus
is too small to cover themodified discounted outside opportunities of both parties. The
second possible outcome, denoted a Type I agreement without delay, will result if the
surplus is relatively moderate (higher than modified discounted outside opportunities
but lower than modified undiscounted ones). The third and final possibility, dubbed a
Type II agreement solution without delay, will be observed if the surplus is relatively
high (exceeding the modified undiscounted outside opportunities).

Themain contribution of our work is concernedwith Type I agreement—a negotiat-
ing solution not reported previously—, which in our model emerges because moderate
values of the modified surplus at stake produce a dual outcome: a breakdown in
the second-period but an agreement in the first-period. As a consequence, the first-
period negotiation resembles a one-shot ultimatum game in which the individual
characteristics—envy, outside opportunity, impatience—of only the second-moving
player influence the sources of bargaining power.

In the specific case of envy, we establish that such emotion plays a key role in
shaping the outcomes of the bargaining game. If envy levels are high, disagreement is
more likely; indeed, if global envy, defined as the product of the players’ individual
sensitivities to this type of externality, is high enough, negotiations will break down
altogether. However, conditional on reaching an agreement, envy is paradoxically a
source of bargaining power since it constrains negotiator strategies in a way reminis-
cent of analyses in the existing literature on commitment devices. In the context of
ultimatum-type games, this envy-based commitment tactic can be exploited by the
negotiator playing the role of responder, who can credibly threaten to reject an offer
regarded as being too generous to his/her counterpart.

Ourmodel describes in detail a complex interaction of various sources of bargaining
strength, which includes, besides the individual characteristics of the parties, the role
these parties perform as a proposer and/or a responder in the relevant game originating
each agreement type. To gain insights into under which conditions which of these
negotiating advantages finally dominate, we conduct several numerical simulations. In
particular, these exercises illustrate the opposite roles played inbargainingoutcomesby
envy and impatience, as envyweakens the positive ‘cost-of-haggling’ effect exerted by
impatience rates on the likelihood of reaching an agreement in sequential negotiations.
The simulations also suggest that the region of Type II agreements is larger than that of
Type I solutions and show that our novel Type I agreement is in general more generous
to the first-moving negotiator.
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Alternative equilibria in two-period 857

This paper is related to the game-theory literature exploring the role of other-
regarding elements in the preferences of negotiators involved in bargaining processes
of an ultimatum-type, such as envy [12], fairness [11,18,24], inequity aversion [5],
reciprocity [4], and trust [1]. Among this literature, the model that most resembles
our analysis is that proposed by Kirchsteiger in [12], which develops a two-period
ultimatum game in which players also suffer a negative envy-driven utility effect
from the surplus obtained by their counterpart. However, due to differences in the
setting design, the Kirchsteiger’s model is unable to analyze the variety of bargaining
outcomes examined here. One such difference is that that model does not incorporate
the role played by outside opportunities, simply normalizing them to zero, and as a
result, it is only able to characterize a single agreement, in contrast to our two-fold
agreement solution. A second difference is that, whereas our goal is to propose a
model that yields insights into real-world dynamic bargaining situations with envy,
Kirchsteiger’s main objective is to explain certain ‘anomalies’ frequently observed in
ultimatum bargaining experiments. This leads Kirchsteiger to adopt conversion factors
(between real and experimental money) instead of discount factors. As a consequence,
although his single agreement is close to our Type II equilibrium, both agreement
solutions become equivalent only under some particular symmetric environments.

The present article also has connections with the literature studying the possibility
of a breakdown in a distributive bargaining game with externalities. These works,
however, propose models that differ from ours in some critical dimensions. Whereas
Laengle and Loyola [14] develop a static setting based on the classic Nash demand
game, Laengle and Loyola [13] posit a one-period ultimatum game. Furthermore,
neither of these studies examine the roles played by outside opportunities or rates of
impatience. As a consequence of these modelling differences, our framework provides
a richer analysis of the conditions making more likely an agreement or disagreement,
which also allows us to examine the interplay of different sources of bargaining power
when an envy-type externality is involved.

More indirectly, this work also relates to research on bargaining with externalities
but in an environment rather different to ours, in which one seller negotiates with two
potential buyers that suffer externalities between both of them. Under this framework,
Chowdhury [2] assumes that buyers with symmetric externalities enjoy a first-mover
advantage in the selling process, one of the outcomes being a disagreement if external-
ity levels are sufficiently high. However, the symmetry assumption implies that, unlike
our setup, his model is unable to identify sources of differentiated bargaining powers
between the buyers. By contrast, [8,9] assume that the seller is the first-mover of the
game and that asymmetric externalities between buyers are possible. Although their
models deliver a delay of the agreement if externality levels are large enough, they
cannot characterize a definitive negotiation breakdown or, alternatively, a permanent
disagreement.

The structure of the remainder of this article is as follows. Section 2 proposes a
two-stage ultimatum bargaining game with envy. Section 3 fully characterizes the set
of equilibria of the game for all parameter values and the bargaining outcomes derived
from them. Section 4 discusses the properties and intuition of the equilibria and the
outcomes, reinterpreting the agreement/disagreement conditions in terms of classical
conditions stated by the existing literature and identifying the interplay of different
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sources of bargaining strengths. Section 5 presents a series of numerical simulations
to illustrate our main findings. Section 6 sets out the main conclusions of our analysis.
Finally, all proofs are collected in the Appendix.

2 The model

Two players, A (he) and B (she), are to distribute a surplus of size π . The bargaining
mechanism to be used for the distribution is a (potentially) two-period procedure with
the following schedule.

• At t = 1, player A makes an offer (x1, π − x1), where x1 is the fraction of the
surplus he gets and π − x1 is the fraction his counterpart gets. Player B can accept
or reject the offer. If she accepts it, each party ends with his/her respective fraction
of the surplus and the negotiation is over; if she rejects it, the negotiation goes into
a second period.

• At t = 2, player B makes a counteroffer (x2, π − x2),where π − x2 is the fraction
she gets and x2 is the fraction her counterpart gets. Player A can accept or reject
the counteroffer. If he accepts it, each party gets his/her respective fraction; if he
rejects it, each party receives his/her outside opportunity Ui ≥ 0 for i = A, B.

We assume that player i has a discount factor δi ∈ (0, 1), which implicitly and inversely
reflects the impatience degree of player i .

In case of agreement (xt , π − xt ) in period t , the payoff functions of the two parties
are described by:

uA
t (xt ; θA) = xt − θA(π − xt ),

and

uB
t (xt ; θB) = (π − xt ) − θBxt ,

for t = 1, 2, where θi ≥ 0 is player i’s sensitivity to an envy-type externality generated
by the surplus fraction going to his/her counterpart.

3 The equilibrium

In this and the following sections we will look for insights into three sets of questions:

• In equilibrium, what are the conditions under which players do or do not reach an
agreement?

• If an agreement is struck, what is each player’s equilibrium share? And what are
each party’s sources of bargaining power?

• In what period is the agreement arrived at? Is there a delay?
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Alternative equilibria in two-period 859

To address these questions, we must first characterize the equilibrium set of our
bargaining game. To this end, let us begin by considering the two following conditions:

UA(1 + θB) +UB(1 + θA) ≤ π(1 − θAθB) (1)

δAUA(1 + θB) + δBUB(1 + θA) ≤ π(1 − θAθB). (2)

We also define the following upper bound:

x1 ≡ π − δBUB

1 + θB
.

The next two propositions fully characterize the subgame perfect equilibria (SPE) of
this game for all parameter values.

Proposition 1 Assume that (1) is not satisfied. Then theSPEof the dynamicbargaining
game with envy is described by the following pair of strategies:

• At t = 1, player A offers

x∗
1 =

{
x1 i f (2) is veri f ied
x1 + εA otherwise

for some εA > 0.
At t = 2, he accepts player B’s counteroffer if

x2 ≥ UA + θAπ

1 + θA
,

otherwise he rejects it.
• At t = 1, player B accepts player A ’s offer if

x1 ≤ x1,

otherwise she rejects it.
At t = 2, she counteroffers

x∗
2 = UA + θAπ

1 + θA
− εB

for some εB > 0.

From this proposition we can directly derive the outcome of this bargaining game
when condition (1) is not satisfied as follows.

Corollary 1 If condition (1) is not satisfied, two bargaining outcomes are possible: (i)
(Type I agreement). If condition (2) holds, an agreement is reached at t = 1 in which
the shares obtained by A and B are x1 and π − x1 , respectively. (ii) (Negotiation
breakdown). If condition (2) does not hold, a disagreement occurs in both periods.
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Note that if the global envy of the game is high enough, no agreement will be
reached. This observation is formalized in the following statement.

Corollary 2 Let � be the level of global envy of the game, defined as

� ≡ θAθB .

Then, if � > 1, a negotiation breakdown occurs.

We now characterize the equilibrium of our dynamic bargaining model when con-
dition (1) is met. We begin by defining the following upper bound:

x1 ≡
π − δB

[
π − (1+θB )(UA+θAπ)

1+θA

]
1 + θB

.

Proposition 2 Assume that condition (1) is satisfied. Then the SPE of the dynamic
bargaining game with envy is described by the following pair of strategies:

• At t = 1, player A offers

x∗
1 = x1.

At t = 2, he accepts player B’s counteroffer if

x2 ≥ UA + θAπ

1 + θA
,

and rejects it otherwise.
• At t = 1, player B accepts player A ’s offer if

x1 ≤ x1

and rejects it otherwise.
At t = 2, she counteroffers

x∗
2 = UA + θAπ

1 + θA
. (3)

We now derive the outcome of the game from the last proposition when condition (1)
is satisfied. This is formally stated as follows.

Corollary 3 (Type II agreement) If condition (1) holds, an agreement is reached at
t = 1. The shares obtained in the agreement by A and B are x1 and π − x1,
respectively.

4 Interpretation and properties of the equilibrium

In this section we discuss the intuition behind the bargaining outcomes generated by
the equilibrium of our dynamic game, especially through the comparison between the
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two agreement types previously characterized. We also contrast our findings with the
closest previous literature, stressing that our Type I agreement constitutes the main
contribution of the present work. Finally, we provide an interpretation of the conditions
for an agreement or disagreement that is consistent with existing interpretations in the
literature on bargaining without envy.

To perform all this analysis, we previously define the following additional notation.
Let Ũi be player i’s modified outside opportunity, defined as

Ũi ≡ Ui (1 + θ j ), (4)

for all i, j = A, B, i �= j , and π̃ be the modified surplus, defined as

π̃ ≡ (1 − θAθB)π. (5)

Also let Ũδi be the discounted player i ′s modified outside opportunity, defined as

Ũδi ≡ δi Ũi , (6)

for i = A, B.
We first focus on explaining and comparing the two agreement types, and after that,

we analyze the negotiation breakdown outcome.

4.1 Agreement outcomes

Using the notation above introduced, we characterize the two possible agreement
solutions as follows.

Type I agreement This type of agreement takes place whenever

ŨδA + ŨδB ≤ π̃ < ŨA + ŨB, (7)

i.e., when the modified surplus at stake takes a moderate value (i.e., equal to or greater
than the sum of the discounted modified outside opportunities, but smaller than the
simple sumofmodifiedoutside opportunities). Bargaining powers are then compatible,
which ensures that an equilibrium exists and both players reach what we have defined
as a negotiated Type I agreement solution. Furthermore, since this agreement is struck
in period t = 1, we say that there is no delay.

It is worthy to remark that this type of agreement is the most interesting finding
of this paper since it has not been reported previously. In particular, notice that the
two-period version of the ultimatum game with envy proposed by Kirchsteiger in [12]
is unable to deliver this type of agreement. This is because Kirchsteiger normalizes
outside opportunities to zero, which, in the context of our setup, implies that condition
(7) can never be met due to Ũ = Ũδ = 0 for both players. In contrast, our potential
positive outside opportunities allow the possibility of Ũ > Ũδ for at least one of the
negotiators, which in turn makes possible that π̃ may take a moderate value, that is, a
value in the range characterized by condition (7).
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The main feature of Type I agreement is that only the characteristics of player B
shape the sources of bargaining strength and weakness.1 In particular, the equilibrium
partition is such that

∂x1
∂θB

< 0,
∂x1
∂UB

< 0 and
∂x1
∂δB

< 0, (8)

which means that player A’s agreement share will be higher as long as either: (i)
player B’s envy level decreases, (ii) player B’s outside opportunity decreases, or (iii)
player B becomes more impatient. For player B’s agreement share these effects are
the opposite.

Type II agreement This type of agreement arises whenever

ŨA + ŨB ≤ π̃ , (9)

i.e., when the modified surplus at stake is sufficiently high (i.e., equal to or greater
than the sum of the modified outside opportunities). Then the bargaining powers are
compatible as with Type I equilibrium but the negotiated solution the players arrive
at is a Type II agreement. Still, since this agreement is closed at period t = 1, there is
no delay.

It is important to remark that, contrary toType I solution, Type II agreement is, under
some symmetric environments, just the generalization of an agreement type already
characterized by the related previous literature. As for this point, notice that although
the model proposed by Kirchsteiger is very close to ours, two main differences must
be highlighted.

First, as commented before, Kirchsteiger sets outside options to zero, which pre-
vents him from getting our Type I equilibrium. Notice, however, that his assumptions
of Ũ = 0 and π̃ > 0 (because he assumes θ to be strictly smaller than 1 for both play-
ers) imply in fact that our condition (9) is always satisfied under his setup.2 Second,
whereas the Kirchsteiger’s model discounts money (or chips), our framework dis-
counts utility. Although this difference seems rather subtle, it affects the equilibrium
partition found in each model and avoids that, even assuming zero outside options,
such partitions be the same under both settings. Despite those differences, and as a
result of the close relationship between the two models, we can nevertheless recover
the same equilibrium as Kirchsteiger does for some parameter values, in particular
when outside opportunities are zero and discount factors are equal. In such symmetric
environment, player B’s equilibrium share becomes

π − x1 ≡ π (θB(1 + θA) + δ(1 − θAθB))

(1 + θA)(1 + θB)
,

1 This analysis excludes bargaining advantages coming from the parties’ order of moves in the game.
2 This is thus an alternative explanation of why the Kirchsteiger’s model is able to arrive at only one of
the two agreement types we here characterize.
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which can be checked is identical to the expression (4.8) in [12] under the parameter
values above indicated.3

It is important to note that, contrary to a Type I agreement, the sources of bargaining
strength and weakness in a Type II solution stem from the characteristics of both
players. In particular, the equilibrium sharing rule for this agreement type is such that

∂x1
∂θA

> 0,
∂x1
∂UA

> 0,
∂x1
∂θB

< 0,
∂x1
∂δB

< 0, (10)

which implies that player A’s agreement share is higher if it increases either (i) his
envy level, or (ii) his outside opportunity, but is lower if player B either (i) has a higher
envy level or (ii) becomes less impatient.

4.2 Intuition and comparison of the two agreement types

The main observation when comparing both agreement types is that whereas in a Type
I agreement the surplus distribution depends only on player B’s characteristics, in a
Type II agreement the sharing rule is also determined by those of player A. This is
due to the fact that the alternative scenario to an agreement in period 1 is different for
the two agreement types.

More specifically, in a Type I agreement the alternative scenario to an agreement in
period 1 is adisagreement in period 2 (see proof of Proposition 1). Thus,when applying
backward induction, the subgame played in the first period becomes strategically
equivalent to a one-shot ultimatum game with envy in which outside opportunities
are gotten at t = 2, and thus, they are given in present value terms by the pair
(δAUA, δBUB). As a consequence, when computing the equilibrium of the negotiation
played at period t = 1, from a strategic viewpoint it is relevant the role each negotiator
plays only in that period: player A as a proposer and player B as a responder. This
produces the following sources of bargaining power. On the one side, A enjoys a last-
proposer advantage that allows him in principle to extract all the remaining surplus
at stake after giving the outside opportunity δBUB to his counterpart. On the other
side, B has three sources of bargaining power that can counterbalance that strategic
advantage of A. A first source of strength comes from the outside opportunity of player
B in her role as the last responder of the relevant game, which ensures her, in future
value terms a minimum payoff of UB . A second source of bargaining power is the
discount factor, which reflects the fact that as long as B is less impatient, she will
be more willing to rebuff low offers and wait for her outside opportunity at t = 2,
making in turn A to be more generous. Lastly, player B exhibits a source of bargaining
strength coming from her envy level θB , which, as we explain in more detail in Sect.

3 Note, however, that under the same parameter values, our Type I agreement is unable to recover the
Kirchsteiger’s equilibrium since its equilibrium partition is such that

π − x1 = θBπ

1 + θB
.
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4.3, constitutes a sort of commitment device that makes the envious player a tougher
negotiator. In Type I agreement, nevertheless, given the equivalence of the game with
a one-shot ultimatum bargaining, only the responder can use the externality generated
by envy as a sort of envy-based last-responder advantage. As a result, the agreement
benefits (damages) the responder (proposer) as long as θB increases.

The result of the interaction among all these sources of bargaining power is an
equilibrium sharing rule that only depends on player B’s characteristics in the way
above described by expression (8).

In a Type II agreement, on the other hand, the alternative scenario to an agreement
in period 1 is an agreement in period 2 (see proof of Proposition 2). Thus, the subgame
played in this period is a two-stage ultimatum bargaining under an offer-counteroffer
scheme with envy and positive outside opportunities. As a consequence, when char-
acterizing the equilibrium of the first-period negotiation, from a strategic perspective
it is now relevant the role each negotiator plays in the two stages, that is, like a pro-
poser (A at t = 1 and B at t = 2) as well as like a responder (B at t = 1 and A at
t = 2). This fact produces the following sources of bargaining power. On the one side,
B has three sources of negotiating strengths. First, she enjoys now the last-proposer
advantage of the game, which allows her, as a starting point, to extract in the second
period all the remaining surplus at stake after giving the outside opportunity to her
counterpart. Second, the patience degree of B is also a source of negotiating advantage
(reflected through discount factor δB), as her position like responder in the first period
gives a sufficiently patient negotiator B the possibility of rejecting low offers and
counteroffering in the second period. Third, B can take advantage of her envy level θB
as a commitment tactic also in her role as a responder of the first-period negotiation,
which operates as a credible threat of rejecting low A’s offers and counteroffering in
the subsequent stage. On the other side, player A has two sources of bargaining power.
A first negotiating strength is given by his outside opportunity UA in his role as a last
responder in the whole game. In addition, player A can also exploit the possibility of
using his envy parameter θA as a commitment device in his role as a responder of the
second-period negotiation.

The interaction of all these bargaining power sources makes that in Type II equi-
librium, unlike Type I, characteristics of both parties shape the agreement partitions,
in accordance with that described by expression (10). In the concrete case of envy,
this phenomenon implies that two opposite negotiating advantages coming from this
negative externality are present: an envy-based last-responder advantage (player A)
and an envy-based first-responder advantage (player B). As a result, whereas player
i has greater bargaining power due to his/her own envy parameter θi , his/her position
is weakened as his/her rival’s envy parameter θ j increases.

We end this subsection with an alternative illustration of the different strategic
nature underlying the two agreement types. To do that, we restrict the environment to
the assumptions adopted by the previous literature on classic ultimatum-type games
so that envy is absent, i.e., θA = θB = 0, and outside opportunities are normalized to
zero, i.e., UA = UB = 0. Under this environment, the Type II agreement shares are
such that

x1 = π(1 − δB),
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which coincides with the agreement sharing rule yielded by the classic two-stage
ultimatum game. Notice, nevertheless, that this equilibrium cannot be recovered from
Type I agreement, whose equilibrium shares under the same parameter values are such
that

x1 = π ,

which represents in fact the agreement sharing rule delivered by the classic one-shot
ultimatum game.

4.3 Negotiation breakdown

A disagreement will occur in our bargaining game whenever

π̃ < ŨδA + ŨδB . (11)

Thus, if the modified surplus at stake is sufficiently low (i.e., smaller than the sum
of the present value of modified outside opportunities), bargaining powers become
incompatible and negotiation breaks down. And since in our model the negotiation
breaks down in both periods, we say that there is a permanent disagreement.

It is worthy to note that, like Type I agreement, this negotiation breakdown is neither
possible in the setup proposed byKirchsteiger in [12] due to his assumptions on outside
opportunities and envy parameters. Specifically, these assumptions imply that Ũδ = 0
for the two players and that π̃ > 0, which makes impossible disagreement condition
(11) to be satisfied.

Notice that when envy levels increase, the disagreement region becomes larger
since it can easily be established that

∂π̃

∂θi
< 0 and

∂Ũδ j

∂θi
> 0 for all i, j = A, B, i �= j.

Also, note that condition (11) is a modified version of the (dis)agreement condition
found in the existing literature. In fact, it can be interpreted as the converse of a suf-
ficient condition ensuring the existence of the so-called contract zone [3], but in a
bargaining problem modified by the participation of envious players.4 As pointed out
when analyzing properties of the agreement types, we argue that this modification gen-
erates insights similar to those identified by earlier theoretical models of commitment
tactics in bargaining situations [3,15]. In particular, we claim that envy can also be
thought of as an element that constrains the negotiator’s capacity to make concessions
to his/her counterpart. In the context of ultimatum-types games, this commitment
device is exercised by the player who performs the role of responder, as envy can
induce him/her to credibly threaten to reject offers giving too much to the proposer.

4 In the terminology of [17], the (strictly) converse of inequality (11) would be a sufficient condition for an
essential bargaining problem, i.e., the existence of a nonempty set of payoff pairs from potential agreements
such that both parties are better off than they would be if a disagreement takes place.
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Thus, although at first sight envy can be seen as a weakness, it in fact constitutes a
source of bargaining power.5

The similarity in the roles played by envy and commitment tactics is easily appre-
ciated if we consider that both of them modify outside opportunities. Thus, the
modification of outside opportunities from Ui to Ũi in our framework is comparable
to the case of commitment devices as outlined by Nobel laureate economist Thomas
C. Schelling in his classic 1960 bargaining theory essay [22]. Referring to outside
opportunities as reserve prices, Schelling argues that “. . .the process of discovery and
revelation

[
of the reservation prices

]
becomes quickly merged with the process of cre-

ating and discovering commitments; the commitments permanently change, for all
practical purposes, the ‘true’ reservation prices.” ([22], pp. 27, emphasis added).

4.4 Inequity of agreements

A related question also of importance is whether or not one of the two agreement types
is more generous to a given player. This concern is especially pertinent because our
previous analysis revealed, for the two agreement types, a complex interaction among
different bargaining power sources for each negotiator.

To address this question and determine the degree of inequity of a given agreement
solution, we define �k as the bias ratio of Type k agreement to be given by

�I ≡ x1
π − x1

, (12)

and

�I I ≡ x1

π − x1
. (13)

Hence, if �k = 1 then the Type k agreement involves a perfectly equitable sharing
rule; if �k > 1 the agreement is biased in favor of player A; and if �k < 1, the bias
favors player B.

For the sake of simplicity, we now add an assumption of symmetry for θ , δ, and
U .6 Under this assumption, the bias ratio of Type I agreement is

�I = π − δU

θπ + δU
� 1.

5 This property is evident above when analyzing how agreement shares depend on the θ parameters in
expressions (8) and (10).
6 This assumption is adopted for simplicity. It should be clear that a symmetric environment of this class
does not ‘neutralize’ any source of bargaining power between players in any of the two agreement types.
This is because parties have different order of moves, and consequently, they exploit different negotiating
advantages (see the discussion presented in Sect. 4.2). Notice, nevertheless, that assuming a common θ will
allow us to explore through numerical simulations which envy-based advantage eventually dominates in
Type II agreement, either that of the first-responder (player B), or that of the last-responder (player A).
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This is true by (2), the condition ensuring a Type I agreement. By contrast, under the
same symmetry assumption for a Type II agreement we get

�I I = π(1 − δ(1 − θ)) + δU

π(θ + δ(1 − θ)) − δU
,

which according to the parameters of themodel can be greater than, less than or equal to
1. Thus, whereas a Type I agreement never favors player B, such a bias is possible in a
Type II agreement. This provides a first approximation of the degree of inequity of both
types of agreements, suggesting that while the interaction of bargaining power sources
inType I agreement benefits unambiguously player A, this interactionproduces a ‘more
fair’ negotiation in Type II solution. This result will be examined further in the next
section on simulations.

5 Numerical illustration

This section presents the results of a series of numerical simulations carried out to
illustrate the influence of envy, impatience and outside opportunities on the game
outcomes.

If we assume, for simplicity, complete symmetry between the parties such that
θA = θB = θ , UA = UB = U , and δA = δA = δ, conditions (1) and (2) for
agreement/disagreement become

U

π
≤ 1 − θ

2
≡ u(θ) (14)

and
U

π
≤ 1 − θ

2δ
≡ u(θ, δ), (15)

respectively.7

Based on these two conditions we can now characterize in Fig. 1 the agreement and
disagreement regions yielded by our model. Two properties in particular are clearly
apparent.

First, there is an inverse relationship between the envy level θ and the size of the
two agreement regions. This is clearly illustrated if we consider two extreme cases.
Thus, when θ = 0, the regions are at their largest and a Type I agreement is feasible
over the region 1

2 < U
π

≤ 1
2δ while a Type II agreement is possible if U

π
≤ 1

2 . By
contrast, when θ = 1, both regions shrink to a mere point, and if in addition U > 0,
the point disappears and the only possibility is a negotiation breakdown.8 Second, as
the rate of impatience increases (and thus δ decreases), the Type I agreement region
becomes larger since ∂u(θ,δ)

∂δ
< 0 for all θ .9 This result is consistent with the idea

that a negotiated solution is more likely in a dynamic bargaining framework when the

7 Since δ < 1, it is easily confirmed that u(θ, δ) > u(θ).

8 This result is consistent with Corollary 2.
9 This property is only present in Type I agreement.
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U

π

Negotiation Breakdown

Type II Agreement

Type I
Agreement

u(θ, δ)

u(θ)

0
0

0.5

0.625

1
θ

Fig. 1 Agreement and breakdown regions under symmetry, assuming δ = 0.8. Type II agreement region
consists of all pairs (θ, U

π ) on or below upper-bound curve u(θ) (gray region); Type I agreement region
consists of all pairs above upper-bound u(θ) but on or below upper-bound curve u(θ, δ) (light gray region);
negotiation breakdown region consists of all pairs above upper bound u(θ, δ) (white region)

cost of haggling increases, as impatience constitutes a source of friction that acts as
an incentive for players to reach an agreement [16]. Note, however, that this positive
impact of a lower δ on the agreement region is decreasing with the envy level θ ,
reflecting the fact that impatience and envy are opposite forces acting on the likelihood
of an agreement/disagreement outcome.

A number of our simulations also examine the characteristics of the two agreement
types’ sharing rules. Two properties in particular are explored: (i) the comparative
degree of inequity between the two types of agreements, and (ii) the role played by
envy and outside opportunities. We start by computing �k , the bias ratio of a Type k
agreement, as defined by Eqs. (12) and (13). As well as assuming symmetry of θ , δ
and U , we suppose that π = 1 and δ = 0.8. The main results of these simulations are
set out in Table 1 and can be summarized as follows. First, as Fig. 1 also suggests,
the region of Type II agreements largely exceeds that of Type I agreements. Second,
the larger the value of θ , the higher the bias �I I , suggesting that the net effect of an
increase in the common envy level leads to an agreement biased in favor of the offerer,
i.e., player A. This result means, therefore, that in Type II agreement the envy-based
advantage is stronger for the last responder (player A) than for the first responder
(player B). The commitment tactic because of envy, thus, seems to be more effective
when involving a threat to break altogether the negotiations than a threat to make a
counteroffer in a subsequent stage. Third, the larger the value of U , the higher the
bias �I I . As for this property, let us recall that in the context of Type II agreement,
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Table 1 Bias ratio of agreements �

θ

0.1 0.3 0.4 0.5 0.6 0.7 0.8 1

U

0 0.34a 0.51 0.59 0.67 0.74 0.81 0.88 NB

0.1 0.49 0.67 0.75 0.83 0.90 0.98 1.05 NB

0.2 0.67 0.86 0.94 1.03 1.11 NB NB NB

0.3 0.90 1.09 1.19 1.03 NB NB NB NB

0.4 1.20 1.09 NB NB NB NB NB NB

0.5 1.20b NB NB NB NB NB NB NB

0.6 NB NB NB NB NB NB NB NB

0.7 NB NB NB NB NB NB NB NB

NB Negotiation breakdown
a Figures in regular typeface: Type II agreement
b Figures in bold typeface: Type I agreement

an increase of U means in fact an increase of player A’s outside opportunity. Thus,
this result just reflects the last responder’s capacity to use his outside opportunity as a
device to obtain a minimum stake of the surplus under negotiation.

Finally, as suggested by the analysis in Sect. 4.4, a Type I agreement seems to be
more generous with player A than a Type II agreement, as constellations of parameters
imply that whereas�I is always greater than 1,�I I is inmost of the cases smaller than
1. This finding is consistent with the fact that, although players’ negotiating strengths
depend on the type of agreement, in our novel Type I solution the interaction of the
sources of such strengths benefits unambiguously player A. More specifically, this
result reveals that the last-proposer advantage A enjoys in the kind of one-shot ultima-
tum game originating Type I agreement seems to be more powerful than the similar
advantage B exhibits in the two-stage ultimatum game delivering Type II agreement.

6 Concluding remarks

We have proposed a two-period ultimatum bargaining model with envy in which each
party suffers a negative payoff proportional to the surplus captured by his/her coun-
terpart. As we consider more general assumptions regarding envy parameters and
outside opportunities, our framework yields a richer set of bargaining outcomes than
that delivered by existing close works. More specifically, our setting allows three pos-
sible outcomes: (i) a Type I agreement without delay, (ii) a Type II agreement without
delay, and (iii) a permanent disagreement.

Among these outcomes, the main novelty is Type I agreement, a negotiated solution
not reported previously, which contrasts with Type II agreement, a solution closer to
the equilibrium of traditional versions of the two-stage ultimatum bargaining game.
Whereas Type I agreement is the equilibrium reached in a negotiation strategically
equivalent to a one-shot ultimatum game played in period 1, Type II agreement is the
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equilibrium in a first-period negotiation whose alternative scenario is the agreement
of an ultimatum game in period 2. This difference between the two agreement types
implies further differences in two dimensions: (i) which player’s characteristics (envy
level, outside opportunity and impatience degree) influence the distributive solutions,
and (ii) which party is more highly favored.

Regarding the influence of the individual players’ characteristics, whereas in a
Type I agreement only the second-moving party’s parameters play a role, in a Type
II agreement parameters of both parties shape the final solution. More particularly,
the envy level of the second-moving player is a source of her bargaining power in
both agreement types (as with a commitment tactic) while the envy parameter of the
first-moving player gives him a bargaining advantage only in the second type.

As for the degree of inequity of the two agreement types, analytical solutions
and numerical simulations suggest that our novel Type I is more generous to the
first-moving player than Type II. Although the inequity degree of the two agreement
solutions is the consequence of a complex interaction of different bargaining power
sources, the last result suggests, at least, two interesting facts. On the one hand, in an
ultimatum game of the one-shot type, the proposer’s strategic advantage in general
dominates any negotiating advantage the responder can exploit from credibly reject-
ing, because of envy, a proposal too generous to her counterpart. On the other hand,
although in a two-stage ultimatum game the last-proposer’s advantage is weaker than
that enjoyed by the proposer in the one-shot version of the game, it is enough to induce
a priori a ‘more fair’ negotiation.

Finally, as regards the condition for a permanent negotiation breakdown,we restated
it in terms of a modified relationship between outside opportunities and the surplus at
stake, which is consistent with the classic condition found in the existing literature.
Our results demonstrate that envy levels and impatience rates act as opposing forces on
the probability of a disagreement. A breakdown is more likely when the two parties’
envy levels are relatively high, which can be interpreted as a negotiation conducted
under a polarized environment. On the other hand, an agreement is more likely when
the impatience rates of both players are relatively high, which can be interpreted as
implying larger haggling costs and therefore greater incentives for the parties to reach
a negotiated solution.

Appendix

Proof of Proposition 1 By the backward induction principle, we proceed as follows:
Period t = 2 At this stage player, A accepts player B’s counteroffer if

x2 − θA(π − x2) ≥ UA ⇐⇒ x2 ≥ UA + θAπ

1 + θA
,

and rejects it otherwise. In turn, player B chooses x2 such that

Max
x2

π − (1 + θB)x2

s.t.
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0 ≤ x2 ≤ π,

π − (1 + θB)x2 ≥ UB,

x2 ≥ UA + θAπ

1 + θA
.

This problem is equivalent to the following program:

Min
x2

(1 + θB)x2 (16)

s.t.
UA + θAπ

1 + θA
≤ x2 ≤ π −UB

(1 + θB)
. (17)

The interval of x2 defined by constraint (17) turns out to be empty because when (1)
is not satisfied, it follows that

UA + θAπ

1 + θA
>

π −UB

(1 + θB)
.

Hence, a negotiation breakdown would take place at t = 2. The optimal strategy for
player B is therefore:

x∗
2 = UA + θAπ

1 + θA
− εB,

for some εB > 0.
Period t = 1 At this stage, player B accepts player A’s offer if

(π − x1) − θBx1 ≥ δBUB

⇐⇒
x1 ≤ π − δBUB

1 + θB
≡ x1,

and rejects it otherwise. In turn, player A chooses x∗
1 such that

M
x1
axuA

1 =
{

(1 + θA)x1 − θAπ if x1 ≤ x1
δAUA otherwise

.

If we make the substitution x1 = x1, the previous problem implies that player A
finally chooses x∗

1 = x1 if

(1 + θA)x1 − θAπ ≥ δAUA

⇐⇒
x1 ≥ δAUA + θAπ

1 + θA
. (18)
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Note that condition (18) holds if it is true that

π − δBUB

1 + θB
≥ δAUA + θAπ

1 + θA⇐⇒
δAUA(1 + θB) + δBUB(1 + θA) ≤ π(1 − θAθB),

which is in fact condition (2) identified in the main text. Thus, the optimal strategy of
player A is described by

x∗
1 =

{
x1 if (2) is verified
x1 + εA otherwise

for some εA > 0. ��
Proof of Corollary 1 (i) Since condition (1) is not satisfied and condition (2) is, it fol-
lows from Proposition 1 that the equilibrium path is such that at t = 1, player A offers
x∗
1 = x1 and player B accepts it. (ii) Since conditions (1) and (2) are not satisfied, it
follows from Proposition 1 that the equilibrium path is such that:

• At t = 1, player A offers x∗
1 = x1 + εA and player B rejects it.

• At t = 2, player B counteroffers

x∗
2 = UA + θAπ

1 + θA
− εB,

and player A rejects it. ��
Proof of Corollary 2 If � > 1 then π(1 − θAθB) is negative. Thus, since δA > 0,
UA ≥ 0 and θB ≥ 0 for all i = A, B, it is the case that

π(1 − θAθB) < δAUA(1 + θB) + δBUB(1 + θA), (19)

which is a sufficient condition for both conditions (1) and (2) not to hold. Applying
Corollary 1, Part (ii), the statement is finally demonstrated. ��
Proof of Proposition 2 By backward induction, we proceed as follows:
Period t = 2

We follow a similar line of reasoning to that used in proof of Proposition 1. Thus,
whereas the optimal decision rule for player A remains the same, player B solves the
program described by Eqs. (16) and (17). Note, however, that now the interval for x2
defined by constraint (17) is nonempty, which follows from assuming that condition
(1) is satisfied.

Thus, the optimal strategy for player B is given by

x∗
2 = UA + θAπ

1 + θA
.
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Period t = 1
At this stage, player B accepts player A’s offer if

(π − x1) − θBx1 ≥ δB
[
π − (1 + θB)x∗

2

]
⇐⇒

x1 ≤
π − δB

[
π − (1+θB )(UA+θAπ)

1+θA

]
1 + θB

≡ x1,

and rejects it otherwise. Player A chooses x∗
1 such that

Max
x1

uA
1 =

{
(1 + θA)x1 − θAπ if x1 ≤ x1
δA

[
(1 + θA)x∗

2 − θAπ
]

otherwise
.

If we make substitution x1 = x1, the above program implies that player A finally
chooses x∗

1 = x1 as long as

(1 + θA)x1 − θAπ ≥ δA
[
(1 + θA)x∗

2 − θAπ
]
.

which after substituting x∗
2 is equivalent to

x1 ≥ δAUA + θAπ

1 + θA
. (20)

Note, however, that condition (20) holds if

π − δB

[
π − (1+θB )(UA+θAπ)

1+θA

]
1 + θB

≥ δAUA + θAπ

1 + θA⇐⇒
UA(1 + θB) (δA − δB)

(1 − δB)
≤ π(1 − θAθB).

Since condition (1) suffices for the above inequality to hold, checking that it is always
satisfied is straightforward.10 Hence, the optimal strategy of player A becomes

x∗
1 = x1,

which completes the proof. ��
Proof of Corollary 3 Since condition (1) holds, the equilibrium path according to
Proposition 2 is such that at t = 1, player A offers x∗

1 = x1 and player B accepts it. ��

10 That is, since δi ∈ (0, 1) it is true that

UA(1 + θB )
δA − δB

1 − δB
≤ UA(1 + θB ) +UB (1 + θA) ≤ π(1 − θAθB ),

where the last inequality is in fact condition (1).
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