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Abstract
A monopolist often exploits a hard deadline to raise their commitment power. I explore whether
a buyer can employ a soft deadline to counter the monopoly. Using a simple durable goods monopolist model under a deadline, I show that the buyer’s imperfect commitment to an earlier exit may
elicit a compromise from the monopolist and generate the buyer’s risk premium. The soft deadline
partially restores the Coasian dynamics previously canceled out by the hard deadline. Laboratory
experiments provide evidence for even stronger efficacy of the commitment, plausibly by inciting
the fairness of the monopolists.
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Introduction

Across the developed economies, the market power of superstar firms is rising. (See e.g. Autor et al.
(2020) for superstar firms. See De Loecker and Eeckhout (2018) for the global evolution of market
power.) Bilateral bargaining typically forms their mode of trade from corporate acquisitions, business
partnerships, procurement contracts, and labor union disputes. The heightened monopoly power significantly extracts the buyer’s surplus and generates a deadweight loss with a costly delay and potential
breakdown.
The workhorse framework well-suited for the world is a durable goods monopolist model (Stokey
(1981), Bulow (1982)), where the monopolist sells his goods to the demand pool of buyers for their
private value.1 Behind the framework, the long-known Coase conjecture (proposed by Coase (1972),
later formalized by Gul, Sonnenschein and Wilson (1986)) lies as the theoretical cornerstone; it essentially states that the monopolist loses his bargaining power when the buyer rationally expects his future
concession from the irresistible temptation for price discrimination. Substantial theoretical attempts
have been made to revive the monopolist’s commitment, by depreciating goods (Bond and Samuelson
(1984)), discrete demands (Bagnoli, Salant and Swierzbinski (1989)), the arrival of new buyers (Fuchs
and Skrzypacz (2010)), and the buyer’s outside options (Board and Pycia (2014)).
One natural tactic to circumvent the conjecture is commitment to a deadline (Sobel and Takahashi (1983); Fudenberg, Levine and Tirole (1985)). Casual observation suggests that monopolists
privileged with richer outside options have a stronger ability to impose a perfectly committed hard
deadline. Armed with the deadline, even as the proposer’s commitment to the offer disappears (i.e.,
a length of each bargaining round), the proposer gradually regains his bargaining power by framing
the offer as an “ultimatum” under the structural non-stationarity. (See, e.g., Spier (1992), Güth and
Ritzberger (1998), and Fuchs and Skrzypacz (2013).)2 In this paper, I question whether a deadline
1 The durable goods monopolist model is widely applied to outside the seller-buyer trades; labor union disputes (Hart
(1989)), medical malpractice disputes (Sieg (2000)), sovereign debt renegotiation (Bai and Zhang (2012)), and hostagetaking negotiation with pirates (Ambrus, Chaney and Salitskiy (2018)).
2 Gneezy, Haruvy and Roth (2003) considers an infinite-horizon version of ultimatum game where the proposer com-
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is an exclusive commitment device for the proposer. Under the classical context of a durable goods
monopoly, I theoretically explore whether the buyer could counter the monopoly power salvaged from
the hard deadline by partially committing to an intermediate soft deadline. Naturally extending a simple Coasian model under the deadline, I show that the buyer’s imperfect commitment to an earlier exit
would create a novel motive for price discrimination and thus elicit concession from the monopolist.
For interesting parameter values, every type of buyer is shown to be better-off thanks to, or at least
indifferent to, the imposition of the soft deadline.
I start with the canonical bargaining model of a durable goods monopolist. Consider that a monopolist (he) imposes a hard deadline, and sells his good to a group of buyers (she). A single buyer’s
valuation is private information, but the value distribution is shared as common knowledge. Each buyer
rejects each offer until the offer is accepted. The asymmetric information generates a delay until agreement to screen the buyer; in equilibrium, the price schedule is declining overtime, and a higher-type
buyer agrees earlier with a higher price.
Suppose that before the bargaining starts, a group of buyers organize a union to announce a soft
deadline at a specific earlier time before the hard deadline, which I call a threat point just after the
period n∗ (see Figure 1). Both parties are risk-neutral, and the union intends to maximize the expected
surplus aggregated from the demand pool. The union publicly announces its level of commitment to
the deadline, characterized by a conditional probability of exit α, if the bargaining exceeds that point.
My soft deadline framework nests a hard deadline setting as α = 0 or 1. Intuitively, this soft deadline
serves as an uncertain “time bomb” where the lower-type buyers who have not yet agreed to an offer
would stochastically leave the bargaining table. (i.e., fall back to their outside options). One may
view this commitment technology as an application of uncertain commitment (initially proposed by
Crawford (1982), and later, investigated by Ellingsen and Miettinen (2008)) to the deadline.
Under the unique equilibrium, I show that this surprisingly subtle imposition of the soft deadline
pletely loses the bargaining power, and call it a “reverse” ultimatum game. However, the simple imposition of the deadline
completely recovers the power, making the game resemble a canonical ultimatum game.
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elicits the monopolist’s compromise in two non-obvious ways, but with intuitive appeal. Before the
monopolist is ready to issue an ultimatum, the soft deadline differentially serves before and after the
threat point. The intuition comes from backward induction. First, when the soft deadline safely passes,
I show that the monopolist sharply performs a compromise, characterized as an atom of price cut under
the continuous time limit. (See Figure 2.) This big sale is new to my model; it occurs because if the
buyer keeps rejecting at the threat point, she credibly signals that her value is substantially low in spite
of her expected last minute agreement (corresponding to an analog of deadline effect as formalized in
Spier (1992) and Fuchs and Skrzypacz (2013)). Rejection at the soft deadline signals that agreement
before the “time bomb” is still not profitable enough for the buyer, and the monopolist is tempted to
price discriminate based on the discontinuously bounded posterior. After the big sale, a remaining
buyer benefits from the monopolist’s discount. Alternatively put, the soft deadline serves as a selfscreening device of private information at the cost of expected breakdown.
Second, before the threat point, the monopolist may respond by driving down the price schedule
to raise the probability of agreement. (See Figure 2.) This stems from his rational calculation that the
option value of continuation shrinks as the threat of an opponent’s exit emerges. Observe that a soft
deadline makes a monopolist’s cost–benefit accounting qualitatively different from a hard deadline;
the risk-neutral monopolist weighs securing the current expected payoff by myopically leveraging the
buyer’s compromise against an option value of post-threat continuation. One may view a soft deadline
as partially restoring the Coasian dynamics previously canceled out by the hard deadline; because the
buyer rationally expects the monopolist’s post-threat price discrimination under the soft deadline, the
monopolist may start with a cheaper opening price. When that is the case, intriguingly, a relatively
higher-type buyer is made better-off by accepting the discounted offer at the last minute just before the
threat point (the deadline effect described above).
Following the analysis of the equilibrium strategies, I formally demonstrate that the buyer’s imperfect commitment potentially yields an aggregate risk premium. If her commitment level is reasonable,
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the threat of the option value after continuation induces the monopolist to compromise by partially
recovering the Coasian dynamics. If the commitment is too large, however, the soft deadline resembles
a hard deadline, and the normal deadline effect dominates and just backfires to augment the monopolist’s power.3 I show that there exists an optimal interior commitment to the deadline, maximizing the
expected surplus of the buyers. Under some interesting parameter values, buyers of all types are shown
to be better-off because of, or at least indifferent to, the imperfect commitment, assuring a participation
constraint for a union to impose this commitment. (See Figure 5)
The finding casts a new light on the conventional wisdom regarding the bargaining horizon and
the surplus division under a durable goods monopoly. It is well known that as the bargaining horizon
expands (or the uninformed proposer has more revision opportunities for offers), the surplus division is
in favor of the responders.4 To intuitively see this, consider two polar cases; under a one-shot period, an
ultimatum game with incomplete information5 , the buyers suffer most under the strongest monopolist’s
power. In an infinite horizon scenario, by contrast, as the pressure of the deadline becomes distant, the
buyers reaps a marginal cost purchase in a twinkle of an eye as conjectured by Coase (1972). By
stochastically mixing the deadlines before the game starts, the finding suggests that bargaining appears
shorter, but the buyers are better off in expectation.
Though this study highlights the role of the soft deadline as a counter-measure to the monopoly,
the model also provides an intriguing efficiency implication. Defining the overall efficiency as the sum
of the ex-ante payoffs of both parties, the durable goods monopolist model relates the efficiency to
the buyer’s expected surplus. I show that the overall efficiency exhibits an inverted-U shaped curve
with respect to the buyers’ commitment intensity. As their commitment solidifies to a certain level,
the efficiency gain from risk-induced agreements dominates the termination cost. This is a direct
3 In

the durable goods monopolist model, a shorter horizon is better for the monopolist. I will discuss further below.
for example, Güth and Ritzberger (1998). See Section 2.5 in a greater detail.
5 The ultimatum game is a two-stage game where a proposer and a responder bargain over a fixed money. In the first
stage, the proposer offers his share, and in the second stage, the responder accepts or rejects it. If it is accepted, each
receives money based on the offer; if rejected, each gets 0. A key difference from my model is that the game has complete
information.
4 See
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consequence of the argument above: as the soft deadline facilitates the trade, it enhances the overall
efficiency, which could be insightful from the perspective of market design. In fact, the model shows
that imposing the soft deadline can suppress the probability of a breakdown and shorten the delay until
agreements are made.
To empirically test the validity of the model, I designed and implemented a laboratory experiment
to obtain approximately 1,200 pieces of trade data from 62 subjects. The subjects were randomly assigned to engage in a bilateral bargaining game under a variety of commitment levels to a soft deadline
exogenously imposed at the middle threat point. The experiment broadly supports the key features
from the model. The experiment suggests that some intermediate commitment may augment the efficiency by suppressing the ratio of breakdown and the delay until agreements.
Notably, I find that the commitment to the deadline serves more advantageous for the buyers,
fueled by cooperative behaviors of the monopolists, especially before the threat point. Recall that as a
buyer’s exit becomes credible, the model is essentially reduced to an ultimatum game with incomplete
information. This echoes the deviation from the sub-game perfect strategy, which has been canonically
reported as displaying a preference for fairness in hundreds of experimental ultimatum games. (first
experimented with by Güth, Schmittberger and Schwarze (1982)) Observing that this behavioral bias
applies differentially across institutional contexts6 , I conclude that my rational proposer model delivers
a lower bound of the risk premium generated from the imperfect commitment to the buyer’s deadline.
In the real world, I argue that this unintended “irrationality” of the proposer may potentially tilt up the
equilibrium in favor of the responders.

Literature review
A huge body of the theoretical bargaining literature has proposed the tactics to augment bargaining
power, such as securing outside options (Compte and Jehiel (2002); Fuchs and Skrzypacz (2013);
6 See

List (2007) for a caution regarding the external validity of laboratory experiments.
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Hwang and Li (2017)), cheap talk (Crawford and Sobel (1982). See Farrell and Rabin (1996) for
a survey.), and reputation from strategic irrationality (Abreu and Gul (2000); Kambe (1999)). Most
relevant to my study is the literature on commitment initially ideated by Schelling (1960), and later
formalized by Crawford (1982), Muthoo (1996), and Ellingsen and Miettinen (2008). Much of the
literature stochastically frames credibility of commitment on the proposer’s offer with some probability
(α in my model), and very few examines the use of a deadline as a commitment technology.
In contrast, a stream of literature on bargaining explores the strategic use of a given deadline.
(Ma and Manove (1993); Fershtman and Seidmann (1993)). The chief interest of these studies is the
proposer’s manipulation of delaying an ultimatum is intended to exploit the hard deadline.7 Instead
of the strategic timing of the offer, my model adds the possibility of exit at a specific event before the
deadline. The closest idea to an endogenous deadline is proposed by an unpublished work by Ozyurt
(2015). Using the reputation approach with the war of attrition protocol of Kambe (1999), he jointly
analyzes the commitment to the offer of the proposer, and the endogenous timing of the hard deadline,
showing that the deadline setter is better-off under the efficient unique equilibrium. My interest lies in
the credibility of the deadline instead of its timing.8
On the technical front, my model is similar to a random breakdown, or mathematically similar to
generalized discounting in the earlier bargaining literature (Rubinstein and Wolinsky (1985); Binmore,
Rubinstein and Wolinsky (1986)). They explore how this bargaining friction alters the surplus division,
with no costly delay in equilibrium a la Rubinstein (1982). Later studies build models with random
breakdown, where the event of breakdown is uncertain (Fuchs and Skrzypacz (2010); Fanning (2016);
Simsek and Yildiz (2016)). In my model, an occurrence of breakdown is uncertain for a specific event.
In the stream of the early literature on the Coasian model (Sobel and Takahashi (1983); Fudenberg,
7 The

intuition echoes the revenue management literature (e.g., Horner and Samuelson (2011)), where the durable goods
are perishable at the deadline. The key difference is that they limit the stocks of the goods, whereas a durable goods
monopolist model is not subject to such limits. In real-world internet auctions, in contrast, Roth and Ockenfels (2002)
report that last-minute bidding is widely observed.
8 In a different bargaining protocol for alternating-offer games under complete information, Mauleon and Vannetelbosch
(2004) consider a strategic deadline choice to derive a possibility of inefficiency. They remain silent on the surplus division.
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Levine and Tirole (1985)), the novelty is that adding only one event with breakdown risk in the simplest
finite-horizon framework would remarkably break the link between the time horizon and the surplus
share, which is central to the Coasian dynamics.
This paper also contributes to the experimental literature on the bargaining under a deadline. Lastminute agreements have been robustly demonstrated as the leading cases of the deadline effect, both
in the real world (Cramton and Tracy (1992) for labor union disputes; Spier (1992) for pre-trial negotiations), and in the controlled laboratory experiments (Roth, Murnighan and Schoumaker (1988)).
Consistent with the literature, I document the analogous features under a generalized deadline environment as well; when the soft deadline becomes more credible, more trades reach agreements. To the
best of my knowledge, this study is the first attempt to empirically test the effect of commitment intensity on the deadline. I also find the deadline effect is substantially driven by “irrational” concessions
of proposers, which is at odds with the equilibrium prediction, as well as responders. This is also wellaligned with a large body of experimental literature reporting cooperative behaviors in non-cooperative
games, both within ultimatum games (see Güth and Kocher (2014) for a review) and outside the ultimatum offer games (e.g., Neelin, Sonnenschein and Spiegel (1988). See Camerer (2011) for a survey).9 I
shall employ the lessons from the experimental literature to interpret the experimental results.

Outline The paper is organized as follows: Section 2 presents a bargaining framework with an imperfectly committed deadline and characterizes the unique equilibrium. Following that, I show that the
monopolist performs a compromise before and after the threat point, and the buyers’ side enjoys a risk
premium. I also explore the sensitivity of the overall efficiency together with the ex-ante probability of
breakdown and delay until agreement. Section 3 presents the design of the laboratory experiments and
reports the results to test the key implications of the model. Section 4 concludes the paper. The proofs
of the most of the results and administration of experiments are provided in the Appendix.
9 Analyzing

the millions of negotiations on eBay, Backus et al. (2020) report that cooperative behaviors are widely
observed across both parties.
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2

Bargaining with Imperfect Commitment to a Deadline

I start with a canonical durable goods monopolist model, where an uninformed monopolist screens a
pool of buyers under a hard deadline.

2.1

Setup

A monopolist (he) negotiates with a buyer (she) to sell an indivisible good. Both are risk-neutral and
forward-looking expected utility maximizers. The buyer has her private value v ∈ [0, 1] for the good
and I assume that v is distributed according to the shared cumulative distribution function F(v) =
vσ (σ > 0).10
The monopolist’s marginal cost is normalized to 0, and it is common knowledge. Time is broken
into discrete and finite periods with n = 1, 2, 3 · · · , with a length ∆ > 0 for each bargaining round.
Suppose that the monopolist credibly imposes a hard deadline at the period N. At the beginning of the
period n, the monopolist proposes an offer Pn . Then, the buyer immediately either accepts or rejects.11
If she accepts the price at the end of the period n, the game ends with this outcome: the monopolist
gets δ n−1 Pn , and the buyer gets δ n−1 (v − Pn ), where δ ≡ e−γ∆ is a periodic discount factor, and γ is a
common discount rate.
Suppose that the buyers form a union to maximize their expected payoff, and the union imposes
a soft deadline at an earlier period n∗ ∈ [1, N) with some imperfect commitment, captured by a conditional breakdown risk α ∈ (0, 1) at the end of the period n∗ .12 (Figure 1) This implies that if the
proposal is rejected at period n∗ , the bargaining ends with probability α but proceeds to period n∗ + 1
with probability 1 − α.13 Observe that if the probability equals 1, the soft deadline is reduced to a hard
10 This

distributional assumption yields two benefits. First, the distribution shape is unchanged with Bayesian updating,
which offers closed-form solutions by solving backwards. (Ausubel and Deneckere (1992), Fuchs and Skrzypacz (2013))
Second, it captures the first-order stochastic dominance. I conjecture that the qualitative predictions of the model are
insensitive for any atomless and full-support distributions.
11 They are allowed to use mixed strategies, but this does not change the argument because the buyer’s mixed strategy is
rationalizable only when the private value is equal to the cutoff.
12 Their participation constraint for the union is discussed below.
13 This is different from cheap talk (see Farrell and Rabin (1996) for a survey) in that the union commits to the realization
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deadline.
What follows is a straightforward application of the canonical bargaining with incomplete information. (See Sobel and Takahashi (1983) and Fudenberg, Levine and Tirole (1985) for the theoretical
foundation.) Let [0, Kn ) be a posterior valuation at period n, and both players know Kn at period n. In
equilibrium, the monopolist turns out to choose Pn only based on Kn , regardless of the history of prices
{P1 , · · · , Pn−1 }. Then, defining their value functions, the problem of the monopolist and the buyers’
union is recursively defined as follows:

F(Cn )
F(Kn ) − F(Cn )
)Pn +
ηn δ Vbn+1
Vbn = max(
Pn
F(Kn )
F(Kn )

(1)

bn = max F(Kn ) − F(Cn ) {E(v | Cn ≤ v < Kn ) − Pn } + F(Cn ) ηn δ W
bn+1
W
Cn
F(Kn )
F(Kn )

(2)

bn are value functions of each party, 14 and ηn is a risk adjustment factor attached to
where Vbn and W
a discount factor δ such that

ηn =





1 − α

(n = n∗ )




1

(n 6= n∗ )

.

(3)

Mathematically, this is nothing but adjusting a discount factor in the particular period. I show below
that this surprisingly simple formulation of commitment intensity regarding the deadline generates a
perhaps unintended consequence for surplus division.15
of breakdown. The setting is in line with bargaining with breakdown (e.g., Rubinstein and Wolinsky (1985); Binmore,
Rubinstein and Wolinsky (1986)) as discussed in the literature review.
14W
bn is interpreted as the collective buyer’s continuation value at the beginning of period n.
15 One can see this protocol adopts a general time discounting, including non-geometric discounting or hyperbolic discounting. In the Appendix, I allow for multiple soft deadlines.
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2.2

Equilibrium

Following the earlier literature on durable goods monopolies, the buyer adopts this specific form of
cutoff strategy: given Kn and Pn , she calculates the cutoff value Cn , satisfying the necessary condition
for optimality:16
Cn − Pn
| {z }

payoff of agreement today

=

ηn δ (Cn − Pn+1 )
|
{z
}

.

payoff of agreement tomorrow

Intuitively, the marginal buyer with a value v = Cn is indifferent between buying today or tomorrow.
Note that Cn depends only on the current price Pn , regardless of the history of prices, i.e., {P1 , · · · ,
Pn−1 }. Then, at period n, the buyer accepts Pn if v ≥ Cn , and rejects if v < Cn . Immediately from this
cutoff strategy,
Cn = Kn+1 (∀n = 1, 2, 3 · · · , N − 1)

holds: the cutoff today is a supremum value of the buyer tomorrow. Lastly, an equilibrium is defined
as a standard perfect Bayesian equilibrium.
Definition 1. A pair of strategies {(Pn ,Cn )} constitutes a perfect Bayesian equilibrium of the game if
they are mutual best responses after every history of the game.

2.3

Dynamic Schedules

I solve the model backward. Given the state variable {Kn } at period n, the equilibrium path of
{(Pn ,Cn )} (n = 1, 2, 3 · · · ) is sequentially characterized by {An } and {Bn } as follows:

Pn = An Kn and Cn = Bn Pn
where An ≡

(4)

Cn
Pn
, and Bn ≡
is capturing the monopolist’s and the buyer’s bargaining power, respecKn
Pn

tively. The distribution of F(v) = vσ yields that both Pn and Cn are linear in Kn , and {An } and {Bn } are
16 Note that C is a function of P , not of v. Also, this necessary condition turns out to be sufficient due to the skimming
n
n
property (i.e., the higher types agree earlier than the lower types). One can check that the difference between both hands is
strictly increasing in Cn .
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recursively characterized by the following difference equations:

−1

An = ((σ + 1) − σ ηn δ An+1 Bn ) σ /Bn ,

(5)

−1

where AN = (1 + σ ) σ and BN = 1. Given the strategies of both players, we are ready to characterize
the equilibrium.
Proposition 1. [Equilibrium] A unique Perfect Bayesian Equilibrium path of {(Pn , Cn )} is characterized by (3),(4), and (5).
By straightforward induction, value functions of both players are periodically pinned down as
follows.
Corollary 1. [Value functions]
bn , respectively, are characterized as folThe monopolist’s and the buyer’s value functions Vbn and W
lows by a sequence of constants {An }:

Vbn =

σ
bn = { σ (1 − σ + 2 An )}Kn
An Kn , W
σ +1
σ +1
σ +1

Due to the convenience of a functional form of F(v) = vσ , the value functions of both the monopolist and the buyer are also linear with respect to the state variable Kn , analogous to prices and cutoffs.
The value functions are used to characterize the ex-ante expected surplus of each party in Section 2.5
and the bargaining efficiency in Section 2.6.

2.4

Inducing Compromise from the Monopolist

In this section, I show that the monopolist as well as the buyer make some compromises due to the
soft deadline. To rigorously characterize the sizes of such compromises, I extend the framework in the
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limit case as ∆ → 0, following the techniques of Ausubel and Deneckere (1992) and Fuchs and Skrzypacz (2013).17 To discuss the continuous time specification, I translate the discrete period notations
bn for n = 1, 2, · · · , N into pt, ct , kt, at , bt , Vt , Wt , respectively, for all t ∈ [0, T ].
Pn, Cn , Kn, An , Bn , Vbn , W
As I am solving differential equations instead of difference equations, most of the results do not qualitatively differ across time protocols. (For the detailed construction, see the Online Appendix.) Note
that even when the monopolist’s stubbornness to each price decays (i.e., ∆ → 0), a costly delay remains
under the hard deadline, evading the Coase conjecture. I state the theoretical results below chiefly under continuous time for analytical tractability, while my intuitions are based on the discrete-period
model.
Given that the bargaining has a delay, how does the threat of exit change players’ behaviors before
and after the threat point? I address this question by Lemma 1 and Proposition 2, jointly visualized
in Figure 2. One can see that both the cutoff and price schedules discontinuously drop around the
threat point. Using a continuous-time specification, I analytically pin down the atom of each drop with
bargaining primitives γ, σ , α, T and t ∗ . (See Appendix for the explicit formula.) Before discussing
the monopolist’s compromise, I start by showing the buyer’s compromise at Lemma 1.
Lemma 1. [Deadline effect]
When ∆ → 0, the buyer’s cutoff schedule ct is continuous at t ∈ [0,t ∗ ) and t ∈ [t ∗ , T ), but ct discontinuously drops at t = t ∗ and t = T . Moreover, the cutoff drop at t = t ∗ is strictly increasing in α.

Lemma 1 states that the cutoff schedule sharply drops just before the threat point. While an instantaneous flow of trade occurs at t ∈ [0,t ∗ ) and t ∈ (t ∗ , T ), an atom of trade takes place at t = t ∗ . This is
very intuitive: when the buyer faces the “time bomb,” she responds by dropping the cutoff sharply. I
also show that the commitment (larger α) monotonically expands the drop. The earlier drop can be
viewed as a stochastic analog of the deadline effect (Roth, Murnighan and Schoumaker (1988)). Thus,
17 Fuchs and Skrzypacz (2013) consider the limit case of finite-horizon bargaining with asymmetric information and
derive an atom trade at the deadline.
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the next result follows directly from Lemma 1.
Proposition 2. [Sale after the threat point]
When ∆ → 0, the monopolist’s price schedule pt is continuous at t ∈ [0,t ∗ ) and t ∈ (t ∗ , T ], but pt
discontinuously drops at t = t ∗ . Moreover, the price drop at t = t ∗ is strictly increasing in α.

Proposition 2 states that when α ∈ (0, 1), an atom of discount occurs if the bargaining survives the
threat point.18 Moreover, the magnitude of the price discount expands with the commitment of the
buyer. In fact, this is a direct consequence of the stochastic deadline effect in Lemma 1. Because the
buyer did not accept before the threat point, the buyer’s value is demonstrably bounded. Put differently,
her rejection at the threat point is a costly, but effective signal of the lowness of her valuation. Given the
limited posterior, the monopolist is forced to sharply discount the price. Intriguingly, given his postthreat concession, backward induction suggests that the monopolist may offer a cheaper pre-threat
price schedule, formally stated as follows.
Proposition 3. [Discount before the threat point]
There exists some α ∈ (0, 1) such that for α ∈ [0, α], the monopolist offers a uniformly lower price
pt (α) < pt (α = 0) for all t ∈ [0,t ∗ ].
As the threat of exit increases, the monopolist projects that the market after the threat point is less
lucrative, and the post-threat sub-game itself is less likely to occur. Thus, he is tempted to raise the
probability of agreement before the threat point by discounting a price. At his optimization problem
in the face of the threat, observe that a new dynamic trade-off emerges between leveraging the buyer’s
compromise by raising a price vs. securing a last-minute agreement by discounting a price. To see
18 If

breakdown comes with a Poisson arrival rate as in Fuchs and Skrzypacz (2010), the price does not discontinuously

drop.
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this, the monopolist’s bargaining power at the threat point An∗ is decomposed as:

dAn∗ (Bn∗ , α)
dα
|
{z
}

change in monopoly power

dBn∗
|dα
{z }

dAn∗
dB ∗
| {zn}

=

+

strategic interaction (< 0) buyer’s compromise (< 0)
deadline effect

.

monopolist’s compromise (< 0)

} |

{z

|

∂ An∗
|∂{zα }
{z

Coasian effect

}

The monopolist’s bargaining power An∗ is not only supported by a canonical first-mover advantage
dAn∗ dBn∗
) but also impaired by an irresistible drive to secure
dBn∗ dα
∂ An∗
∂ An∗
the pre-threat agreement. (Coasian effect;
). One may observe that a factor
captures a
∂α
∂α

of strategic interaction (deadline effect;

redux of the Coasian dynamics previously wiped out under the hard deadline. If the soft deadline
becomes hard (α = 1), the optimization is reduced to an ultimatum game without the factor

∂ An∗
,
∂α

and the monopolist exploits the buyers exclusively. Under some moderate threat of exit, however, as
the buyers rationally foresee that the monopolist is tempted to price discriminate after the threat point
(Proposition 2), he is potentially convinced to concede before the threat point.

2.5

Risk Premium

Based on the pair of compromises of the monopolist before and after the threat, I present the main
result of the study; an optimally designed soft deadline yields a risk premium to the buyers’ union,
achieving their maximum expected surplus.
Proposition 4. [Risk premium from the soft deadline]
Let ∆ → 0, and α vary. Then, there exists α ∗ ∈ (0, 1) that uniquely maximizes W0 s.t.

α∗ =

(lim∗ at )2
t↓t

(1 − lim∗ at )(1 + σ − lim∗ at )
t↓t

(6)

t↓t

b ∗ ∈ (0, 1) that uniquely maximizes
When ∆ > 0, and the players are sufficiently patient, there exists α
b1 s.t.
W
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b∗ =
α

δ A2n∗ +1 − (1 − δ ){(1 + σ ) − (2 + σ )An∗ +1 }
.
δ (1 − An∗ +1 )(1 + σ − An∗ +1 )

(7)

The results are stated under both continuous-time and discrete-period settings. As the buyer’s
expected surplus is higher than in the non-risk case (α = 0 or 1), the union enjoys a risk premium at
the cost of expected breakdown. Figure 3 shows the inverted-U sensitivity of the expected surplus of
the demand side.
A simulation of the discrete-period model (N = 6, σ = 1, δ = 0.98) finds that the union’s expected
c∗ = 0.274. Under the discrete period with δ = 0.98, with
surplus is maximized at an interior risk α
c∗ , the expected surplus improves by 6.4 p.p. but otherwise
every rise of 10 p.p. of the risk, when α < α
deteriorates by 3.6 p.p.19 To see how the optimal commitment level behaves, I simulate its sensitivity
with respect to the other bargaining primitives δ and σ as depicted in Figure 4.As σ > 0 increases,
a higher-type buyer is less likely to remain after the breakdown, and thus the monopolist finds the
current demand pool more lucrative. Therefore, increasing threat strengthens his bargaining power, as
c∗ . As δ ∈ (0, 1) increases, the monopolist focuses more on evaluating the
suggested by the lower α
option value of continuation. Thus, increasing risk facilitates a larger compromise, as indicated by the
c∗ .
rise of α
What does this mean for the durable goods monopolist literature? In the class of screening-type
bargaining, if an uninformed proposer has more frequent opportunities for revision of the offers, the
informed responder rationally expects his future concession.20 The conventional wisdom is that a
longer bargaining round is better for responders, serving as the central logic of Coasian dynamics. In
fact, the buyer’s expected surplus under the no-commitment baseline in the limit case is characterized
under the continuous-time model with γ = − log(0.98) gives a numerically similar result with α ∗ = 0.274,
c∗ . With every rise of 10 p.p. of the risk when α < α ∗ , the expected surplus improves by
which is slightly smaller than α
6.8 p.p. but otherwise deteriorates by 3.6 p.p.
20 The result is established by Sobel and Takahashi (1983), Theorem 6, or Güth and Ritzberger (1998). See Section 2.5
for greater detail. In the infinite horizon model, Stokey (1981) delivers a similar intuition; a longer period between offers
(or less frequent offer revision) leads to a monopolist’s gain.
19 Simulation
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by


1+2σ
W0 = E(v) 1 − (2 + σ )(1 + σ )− σ exp(−γT ) ,
which is strictly increasing in the horizon T .21 Under the one-shot game (T → 0), the monopolist gains
the strongest bargaining power, and the buyer’s surplus is minimized at W0 = E(v)(1 − (2 + σ )(1 +
σ )−

1+2σ
σ

). Essentially, the game is reduced to an ultimatum offer game with asymmetric information.

In the infinite horizon (T → ∞), by contrast, W0 increases to E(v) = (1 + σ )−1 , seizing the maximum
efficiency. As conjectured by Coase (1972), the marginal-cost trade occurs with no delay. By stochastically mixing a short and long deadline, the model casts new light on the canonical link between
the bargaining horizon and the surplus division; as the commitment to exit increases, the bargaining
appears shorter in expectation but is favorable for the responders.
Which type of the buyer is better off with the optimal commitment? I compute the risk premium
across each type of buyer from the unionized commitment. Figure 5 displays the ex-ante surplus of
the each type of buyer (top), and the monopolist’s expected revenue when facing each type of buyer
(bottom). Intriguingly with these baseline parameter values, every type of risk-neutral buyer with
v ≥ c∗T (= 0.26) is strictly better off even after taking the termination cost into consideration. One can
see that the following cost–benefit analysis of the commitment holds for each group of buyers. (For
notational convenience, denote a superscript ∗ as the optimal commitment, and 0 as the no-commitment
baseline.22 )
• A buyer with v ∈[ct∗∗ , 1] is better off with earlier agreement on a cheaper price pt∗ at t ≤ t ∗ with
probability 1,
• A buyer with v ∈ [kT∗ , ct∗∗ ) is better off with earlier agreement on a cheaper price pt∗ at t ∈ (t ∗ , T )
with probability 1 − α.
• A buyer with v ∈ [c0T , kT∗ ) is better off with agreement at t = T on a cheaper price p∗T with
21 See

the Appendix for a derivation.
the simulation with γ = − ln(0.98),T = 6,t ∗ = 3 at Figure 5, ct∗∗ = 0.60, kT∗ = 0.53, c0T = 0.38, c∗T = 0.26 holds.

22 Under
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probability 1 − α.
• A buyer with v ∈ [c∗T , c0T ) is better off with agreement at t = T with probability 1 − α, compared
to breakdown with probability 1.
• A buyer with v ∈ [0, c∗T ) is indifferent because they cannot trade for both cases with probability
1.
Overall, this simulation example demonstrates that the soft deadline strategy is Pareto-improving for
any risk-neutral buyers in the demand pool. This assures the participation constraint of each buyer to
form a union. In a stark contrast, one can see that a gain for the monopolist (red area) is smaller than
the loss (area surrounded by two lines), suggesting the soft deadline serves as a countermeasure to the
monopoly power.

2.6

Efficiency

Based on the analysis of the expected surplus of each party, I explore how the overall efficiency reb ≡ Vb1 + W
c1 in
sponds to commitment intensity. I define the bargaining efficiency U ≡ V0 + W0 (or U
discrete periods) as the sum of the players’ ex-ante expected payoffs at t = 0 (or n = 1) before the
private value v is realized under the continuous-time (or discrete-period). As the model relates the bargaining power of the buyer to the overall efficiency, an immediate corollary of Proposition 4 is given
as follows.
Proposition 5. [Efficiency impact of breakdown risk] Let ∆ → 0, and α vary. Then, α ∗ ∈ (0, 1)
b ∗ ∈ (0, 1)
uniquely maximizes U. Suppose ∆ > 0, and the players are sufficiently patient. Then, α
b
uniquely maximizes U.
This statement might sound counterintuitive; however, it echoes with the insights from the invertedU shape of the buyers’ expected surplus; when the efficiency benefit (i.e., escaping breakdown and
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saved discounting from risk-induced compromises) outweighs the termination cost (i.e., expected loss
from breakdown), non-zero breakdown risk could enhance the bargaining efficiency.
Mirrored by the discussion on surplus division, this result is also intriguing from the perspective
of market design of durable goods transactions. Under the classical durable goods monopoly model,
a longer trade horizon implies larger efficiency; under the one-shot game (T → 0), the bargaining
undergoes the largest deadweight loss from the strongest monopoly power with an ultimatum. In the
infinite horizon (T → ∞), however, the bargaining closes with no delay, which is again consistent with
the Coase conjecture. One may observe that the simple addition of a breakdown risk enhances the
efficiency through the resurgence of the dormant Coasian dynamics under the deadline.
As the last part of the chapter, I complement the analysis by examining the sources of deadweight
loss, consisting of expected breakdown and discounting. I simulate behaviors of an ex-ante probability
of breakdown and a delay until agreement, as stated in Corollary 2, and visualized in Figure 6.
Corollary 2. [Ex-ante probability of breakdown and delay until agreement]
Suppose the players are sufficiently patient, and let α vary for both time settings. Then, there exists
ά ∈ (0, 1) such that it uniquely minimizes the ex-ante probability of breakdown. Moreover, the ex-ante
duration of bargaining conditional on agreement is strictly decreasing in α.
Parallel to Proposition 5, Corollary 2 states that for a small range of risk α ∈ [0, ά), increasing risk
deters the realization of breakdown. Under the discrete-period model, the statement holds when players
are sufficiently patient. Under the discrete-time model with baseline parameters (σ = 1, δ = 0.98),
when α < ά = 0.228, the average effect is −1.2 p.p., otherwise, 1.0 p.p. for every rise in 10 p.p. of
the risk. When players are impatient, otherwise, both do not value the option value of the continuation,
and the bargaining resembles an ultimatum game.23 Therefore, the risk does not elicit the monopolist’s
compromise.
In the second half of Corollary 2, I examine the expected duration of the bargaining conditional
23 Güth

and Ritzberger (1998) shows that sufficiently high patience is necessary for the Coase conjecture.
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on agreement. As the simulation shows, the risk monotonically shortens the expected periods for
agreement across specifications; this earlier agreement is intuitive from the downward-shifting cutoff
schedule shown in Figure 8. This contributes to another efficiency gain from the commitment as well
as the reduced probability of breakdown.

3

Laboratory Experiments

I draw on a laboratory experiment to assess the efficacy of the soft deadline, together with testing the
key predictions from the model. The instructions and handouts distributed at the experiments are in
the Appendix.

3.1

Setup

I simplify my discrete-period model into a laboratory version of N = 6 periods. I divide the subjects
into two groups, and subjects in each group take turns playing as monopolists or buyers. To exclude
coordination with the same opponent, subjects are informed that they are matched with a different
subject across groups in every trade.
Each environment e is characterized by its unique set of three primitives of the game {α e , σ e , δ e }.
To focus on identifying the effect of the soft deadline, I set up environments with a variety of commitment levels α e on a threat point after the period n∗ = 3, along with a common discount factor δ e
(capturing patience) and a shape parameter σ e for the private value (representing the buyers’ preference). I allow the commitment intensity α e to vary such that α e ∈ {0.1m, 0.05} (m = 0, · · · , 10).24 The
shape parameter σ e takes σ e ∈ {1, 2}, generating a uniformly distributed or an upward-biased draw
of the private value. A common discount factor takes δ e ∈ {0.98, 0.7}. Before each trade starts, both
parties know their role (monopolist or buyer) and the environment e.
At the start of each period at n ≥ 2, the history of prices is shown to ensure their perfect memory.
24 α

= 0.05 is intended to examine the effect of a very small risk, guided by a simulation in Figure 3.
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Before the monopolist submits a price, he is required to confirm the computed payoff he earns if the
offer is accepted so that time discounting is properly calculated.
To make buyers well-behaved as a collective union and to facilitate the monopolist’s inference for
the posterior, I adopt a laboratory-specific regime, based on an alternative interpretation of the model.
The order of events for each period n is as follows: first, a monopolist offers a price Pn , and then, a
buyer submits a cutoff Cn . To avoid a negative payoff for the buyer, the cutoff is restricted to be larger
than or equal to the monopolist’s price (i.e., Cn ≥ Pn ).25 Second, a private value v is drawn from the
posterior [1, min{C1 , · · · ,Cn−1 }).26 Third, if v ≥ Cn , the buyer accepts. The monopolist gets δ n−1 Pn ,
and the buyer gets δ n−1 (v − Pn ). If the buyer rejects at n = 1, 2, 4, 5, the game moves to the next
period. If the buyer rejects at n = 3 or n = 6, the bargaining breaks down, and both players get 0 with
probability α or 1, respectively.
This experimental setting is designed to resemble the decision making of the buyers’ union with
ex-ante uncertain private value, and it is mathematically equivalent to the theoretical model.27 The
design has two benefits. First, it directly elicits a specific cutoff schedule from each player, rather
than recovering it from her binary choices. Second, it plausibly nudges the monopolist to infer the
opponent’s posterior more directly because each cutoff choice by the opponent bounds the next period’s
posterior.

3.2

Descriptive Statistics

The summary statistics of the experiment are shown in Table 1.Experiments were conducted over 4
days at the Missouri Laboratory of Social Science of Washington University at St. Louis. Sixty-two
participants joined the experiments under monetary incentives, comparable to the sum of the payoffs
25 If

the buyer can potentially draw a value v such that Cn < v < Pn , he accepts Pn and his payoff δ n−1 (v − Pn ) < 0.
words, the private value v is bounded from above by a minimum of cutoffs in previous periods. This comes
from the cutoff strategy of the buyer, who accepts when the value is higher than or equal to his cutoff. In the model,
min{C1 , · · · ,Cn−1 } = Cn−1 holds because the optimal cutoff schedule is strictly decreasing over time.
27 Instead of asking each buyer for a binary choice of acceptance or rejection after assigning a single fixed private value,
the experiment directly elicits the buyer’s cutoff Cn before a private value vn is randomly drawn.
26 In
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they earn during the day. I exclude trades with research assistants and/or timeouts28 from the analysis
of outcomes, and I obtained 1,161 trades. A total of 788 trades are under the high-patience δ =
0.98, and 373 trades are under the low-patience δ = 0.7. The breakdown is twofold: an intermediate
stochastic one occurs at n∗ = 3, and a terminal deterministic one happens at n = 6. The ratio of
agreement is computed as the pairs reaching agreement over the total pairs within each environment.
One can see that the monopolist’s mean payoff is persistently larger than the buyer’s mean payoff for
all environments, suggesting a first-mover advantage for the monopolist.

3.3

Testing the Hypothesis

In the following section 3.3.1–3.3.5, I test a list of seven hypotheses with laboratory experiments. The
parentheses contain the results established in the previous chapter.

Hypothesis 1 [Deadline effect]

Increasing commitment induces more last minute agreements just

before the threat point. (Lemma 1)

Hypothesis 2 [Discount before the threat point]

Increasing commitment may induce the monopolist

to shift down the price schedule for pre-threat periods. (Proposition 3)

Hypothesis 3 [Sale after the threat point] Increasing commitment induces the monopolist to drop
the price schedule more for post-threat periods. (Proposition 2)

Hypothesis 4 [Risk premium for buyers] Increasing commitment may yield the risk premium to the
buyers. (Proposition 4)

Hypothesis 5 [Shorter delay until agreements] Increasing commitment monotonically shortens the
delay until agreements. (Corollary 2)
28 To facilitate the experiments efficiently, I imposed a mild time limit on decision-making within each period (30 seconds
for the earlier sessions and 15 seconds for the latter sessions). In practice, the majority of trades did not suffer from the
time limit. See the Appendix for details.
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Hypothesis 6 [Suppressed probability of breakdown] Increasing commitment may decrease the
probability of breakdown. (Corollary 2)

Hypothesis 7 [Improved Efficiency] Increasing commitment may improve the efficiency. (Proposition 5)

3.3.1

Deadline effect

Lemma 1 predicts that the buyer is more likely to agree before the soft and hard deadline (deadline
effect). In this experiment, the deadline effect is measured in two ways: the inter-period cutoff drop
before each deadline and the ratio of last-minute agreements to all trades. Figure 8 depicts the observed
buyer’s cutoff schedule in contrast to the model (red lines). For graphical simplicity, I classify the
commitment intensity into five groups g; g = “zero” if α = 0, “small” if α ∈ {0.05, 0.1, 0.2, 0.3},
“middle” if α ∈ {0.4, 0.5, 0.6}, ”large” if α ∈ {0.7, 0.8, 0.9}, and “perfect” if α = 1. Thanks to the
experimental design, I directly recover the purchase schedule of the buyer, and one can see that the
buyer’s submitted cutoff very much mimics the simulated patterns from the model; the cutoff schedule
is decreasing and sharply drops before the threat point (from n = 2 to n = 3) and before the deadline
(from n = 5 to n = 6).
Table 2 reports the levels and inter-period ratios of submitted cutoffs across each commitment
group (Table 2A, 2C), as well as the estimated sensitivity of each variable to the commitment level
(Table 2B, 2D). Graphical implication from Figure 8 is also found at Table 2C; when there exists
some threat, for all commitment group of “small,” “middle,” and “high,” the cutoff substantially drops
C2 C4 C5
C3
< min{ , , }.29 Moreover, an
C2
C1 C3 C4
C2 C4 C5
C6
analogous relationship holds at the terminal deadline, i.e.;
< min{ , , } holds for “zero,”
C5
C1 C3 C4

at the threat point compared to other normal periods, i.e.,

“small,” “middle,” and “high“ commitment.30 Table 2B indicates that C3 ,C4 ,C5 drops far more than
29 I

interpret perfect commitment with α = 100% as no uncertainty.
C2
C3
that for perfect commitment, (α = 1),

holds compared to other commitment sizes, indicating a comC1
C2
promise before the deadline as well.
30 Note
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C1 ,C2 ,C6 with the commitment level, which is consistent with the model. (-0.336, –0.288, -0.285,
respectively, with p < 1%)
In Table 2D, I regress each inter-period ratio
σ and δ . A response of

Cn+1
(n = 1, . . . , 5) with commitment α along with
Cn

C3
is negatively largest with strong statistical significance (−0.345, p < 1%).
C2

This shows that in response to a 10% rise in risks, the cutoff drops by approximately 3.5% before the
risk. Also, a coefficient of

C6
is positive (0.117, p < 10%), dropping at the final period is mitigated as
C5

the commitment becomes larger, which is also consistent with the model.31
As a secondary proxy of the deadline effect, I examine how the occurrence of last-minute agreements just before the intermediate and terminal deadlines is sensitive to the risk. (See the Appendix for
graphics.) Table 3 formally shows the risk sensitivity of the ratio of agreement at n = 3 and 6. Setting
a binary outcome of agreement of n = 3, 6, I jointly estimate a multinomial logit model or separately
estimate a binary logit model. Both models show consistent results with the model; as the commitment
rises, the last-minute agreements at n = 3 occurs more frequently, while the one at n = 6 before the
final deadline happens less often. (The average marginal probability effect is 2.17 and -2.64, respectively, in the binary logit.) Also, I confirm that larger σ facilitates agreements of n = 3, 6, respectively,
as is intuitively interpreted; as the buyer is more eager to buy the good (larger σ ), the expected cost of
a breakdown is larger. This section serves as evidence for Hypothesis 1.

3.3.2

Discounted offer before and after the threat point

Next, to see whether commitment induces a monopolist’s compromise before and after the threat point
(Proposition 2), I compare the proposed price to the simulated price schedules in Figure 9. Parallel to
the analysis of the cutoff schedule, Table 4 reports the levels and inter-period ratios of offered prices
for each commitment level (Table 4A, 4C), as well as the estimated sensitivity of each proxy with
commitment level (Table 4B, 4D). I will first discuss pre-threat periods (Hypothesis 2), then, move on
31 When

the commitment is larger, the drop at n = 6 is less sharp because the posterior has been considerably updated
from the cutoff drop at n = 3.
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to post-threat periods (Hypothesis 3).

Before the threat point

In Figure 9, one can notice that the price substantially drops before the

threat in the experiment (n = 2 to 3), not after the risk realizes (n = 3 to 4), as the discrete-period
model predicts. (See red shaded areas.) This substantial drop just before the threat significantly
contributes to price discounting for both the pre- and post-threat periods. In Table 4B, I find that
the price drop for pre-threat periods n = 1, 2, 3 is strictly expanding with respect to the commitment.
(−0.074, −0.074, −0.171 with p < 1%). Observe that this drop is most notable at n = 3.
In Table 4C, compared to the non-commitment trades, under the substantial level of threat (“midP2 P4 P5
P3
< min{ , , } holds. At Table 4D, I examine how the risk affects each interP2
P1 P3 P4
Pi,n+1
P3
period price ratio,
(n = 1, . . . , 5). I find that only coefficient of
is statistically and economiPi,n
P2

dle,” “high”),

cally significant (−0.210, with p < 1%), which is visually captured in Figure 9. This indicates that in
response to a 10% rise in risk, the price drops more by 2.1% before the risk. Other ratios

P2 P4 P5 P6
, , ,
P1 P3 P4 P5

are not large in magnitude nor statistically significant. Augmented by the earlier sharp drop, this serves
as even stronger evidence for Hypothesis 2.
To understand the earlier occurrence of the drop, observe that the game before the higher risk of
breakdown is reminiscent of the canonical ultimatum offer game. The rationality dictates an extremely
selfish proposal to be accepted by an opponent; however, hundreds of experiments show a well-known
puzzle; the proposer typically offers between 30% and 50% of the money, and more than the half of
the opponents reject the proposal with his share under 20%. (See Camerer (2011), Güth and Kocher
(2014) for a survey.) The literature adopts the proposer’s fairness as the key explanation. (See Fehr and
Schmidt (1999), Bolton and Ockenfels (2000) for a general theoretical overview.)

32

Observing the

similarity of the protocol, I interpret the monopolists’ systematic cooperation before the threat as their
display of fairness; the subjects in the laboratory do not fully exploit their own strategic advantage over
32 Alternatively,

an experimental literature calls fairness as inequality aversion, equity, or reciprocity. In this paper, I
consistently use the term of fairness.
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their opponents to avoid appearing unfair. Instead of strategically leveraging the buyer’s compromise
as a first mover, the psychic bias facilitates the laboratory monopolists to concede in the face of threat.
This behavioral bias turns out to bolster the buyers’ risk premium as shown in Section 2.5.

After the threat point The model predicts that for post-threat periods, the price schedule is monotonically decreasing with respect to commitment. (See Figure 9) At Table 4B, I find that the price
shifts down at n = 4 and 5 (−0.146, −0.089 with p < 1%, 5%, respectively). At n = 6, the response is
negative but not statistically significant. The commitment induces the discounted offer for at least first
two post-threat periods.33
Independently of the commitment, though, an inter-price ratio before the final deadline is found to
be smallest compared to all other periods such that

P2 P4 P5
P6
< min{ , , } holds for “zero,” “small,”
P5
P1 P3 P4

“middle,” and “high” commitment.34 Observing that the final period is also reduced to an analog of the
ultimatum game, this indicates that monopolists’ fairness has been working not only at the threat point,
but at the terminal deadline. Partially fueled by the monopolist’s behavioral bias again, this sub-section
serves as evidence for Hypothesis 3.

3.3.3

Risk premium for buyers

I examine whether the commitment enhances the buyer’s expected surplus. An empirical challenge to
analyzing the surplus, breakdown, and efficiency (Hypothesis 4, 6, 7) in common is that the aggregate
outcome is sensitive to one realization of breakdown under the sample limit on each environment e. To
accurately assess the bargaining dynamics, I complement my analysis with Monte Carlo simulation.
The idea is that if all periodic choices of every trade i, namely, Pni and Cni (Pn ) (i.e., a function of
cutoffs based on an offer) including those of the off-equilibrium paths, are inferred, the experiment is
replicated by simulation by any finite number of times. The simulation proceeds by two steps.
33 A

caveat is that it is hard to identify whether this drop comes from the inference of the buyer’s posterior Kn , which is
the model’s prediction, or the bargaining power An .
34 Note that for perfect commitment, P2  P3 holds, indicating a compromise before the deadline as well.
P1
P2
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• Step.1 Recover the off-path prices: I estimate the periodic price function Pni with respect to a
list of previous prices, controlling for primitives (σ , δ , α) and fixed effects of sellers. I fill the
missing prices from either agreements or breakdowns with the extrapolated prices.
• Step.2 Recover the cutoff functions: I estimate the periodic cutoff function Cni (Pm ) with respect
i ), controlling for primitives (σ , δ , α)
to a list of offered prices and previous cutoffs (C1i · · ·Cn−1

and fixed effects of buyers.35
• Step.3 Simulation by random matching: At each simulation, players are randomly matched
with a different partner, and generate the complete paths of cutoffs by plugging {Pni } into Cni (Pm ).
Then, following the rule of the game, run a simulation to construct the replicated dataset. This
simulation repeats 100 times.
In Step 1 and 2, the linear projection model internally predicts the behaviors of both players with a
correlation of approximately 0.9. Armed with the raw data and simulated data, Table 5 analyzes the
effect of commitment on the mean buyer’s surplus. Controlling for δ , σ and fixed effect of players,
both the raw data and simulated data show a positive effect of 0.037 and 0.017 on the buyer’s surplus,
respectively. (See (1) and (3).) This suggests that a 10% rise in risk increases the expected buyer’s
surplus by 0.37% and 0.17%, respectively.
Guided by Proposition 4, (2) and (4) include an α 2 term interacted with a dummy of δ = 0.98. Both
raw and simulated datasets show an expected sign of negatively quadratic sensitivity, but the magnitude
is not sufficient to generate non-monotonicity. (See (2) and (4)) This monotonic impact of commitment
indicates that the Coasian effect uniformly dominates the deadline effect as the commitment increases
from 0 to 1. As discussed in Table 4, I interpret that a monopolist’s fairness excessively facilitates
compromise before the threat. This section provides even stronger evidence of the responders’ risk
premium of Hypothesis 4, plausibly augmented by the psychic bias from the proposers.
35 In

the model, Pn is independent of the previous prices (P1 , · · · , Pn−1 ), and Cn is only determined by the current price Pn .
For the empirical implementation, I include the history of prices and cutoffs as well to secure the accuracy of extrapolation.

27

3.3.4

Delay until agreement

Hypothesis 5 (or the latter part of Corollary 2) states that rising commitment monotonically shortens
the bargaining delay conditional on agreements, contributing to efficiency improvement. Figure 10
draws a mean duration across environments in the experiment, compared with simulation.
Evidently, one can see that the delay until agreements are monotonically decreasing with commitment across all environments. The expected duration (red lines) is computed by
∑n=6
n=1 ζn

F(Kn ) − F(Cn )
n where ζn = 1 (n = 1, 2, 3), and 1 − α (n = 4, 5, 6). Table 6 analyzes the effect
F(100)

of commitment on the delay until agreement. Formally, I regress bargaining duration until agreement,
normalized to a unit interval, with respect to the risk as shown in Table 6.
The coefficient of risk is significantly negative (−0.284, p < 1%, (2)). This indicates that a 10%
rise in risk shortens the expected delay by 2.8%, conditional on agreement (i.e., 0.17 periods out of 6
periods) The coefficients on σ and δ are found to be significantly positive, as intuitively interpreted by
the theory; a highly skewed value distribution (larger σ ) delays the bargaining because the monopolist
charges a higher price under the more lucrative market, and the buyer typically rejects more to elicit
his discount. When players are less frictional (larger δ ), they seek better agreements by permitting a
longer delay.

3.3.5

Breakdown and efficiency

Finally, I jointly examine Hypothesis 6 and 7. The results are shown in Table 7. Setting a binary
outcome of a breakdown as a dependent variable, I run a logit model in (1) and (2) in Table 8A. Guided
by Corollary 2, (2) includes an α 2 term interacted with a dummy of δ = 0.98. Though the quadratic
coefficient is positive as expected, it does not show a sufficient significance. (0.036, p > 10%)
b or the sum of the payoffs of each pair of the
In (5) and (6) in Table 8B, I regress the efficiency U,
raw data, with the same set of bargaining primitives. Intriguingly, commitment α exhibits positive and
mildly significant coefficients (0.052 and 0.083, respectively, with p < 10%), indicating that break-
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down risk actually enhances the efficiency. As Proposition 4 states the quadratic risk sensitivity under
sufficient patience, parallel to Corollary 2, (6) interacts α 2 with sufficient patience. The quadratic
coefficient is negative, as expected, but is not strongly significant either (-0.046, p > 10%).
Reassuringly, however, the simulated experiment above improved the fit of the model with a larger
significance. The results are summarized in (3), (4) for the breakdown, and (7) and (8) for the efficiency
in Table 8B. (4) exhibits a significantly positive (0.304, p < 1%) quadratic coefficient interacted by a
sufficient patience. Numerically, this indicates a U-shape sensitivity such that when α < ά = 0.112,
the probability of breakdown decreases by 0.07 p.p., but when α ≥ ά, it increases by 0.58 p.p. for each
10 p.p. rise in the risk.36 Analogously, (8) gives a significantly negative (−0.029, p < 1%) quadratic
coefficient under sufficient patience. The recovered prediction from the estimates suggests an invertedU sensitivity such that when α < α ∗ = 0.709, the efficiency improves by 0.21 p.p., but when α ≥ α ∗ , it
deteriorates by 0.09 p.p. per 10 p.p. rise in the risk.37 Figure 11 depicts the recovered sensitivity of the
ex-ante probability of breakdown and efficiency with commitment. The observation that an estimated
inflection point α ∗ is larger than the model (α ∗ = 0.28) is consistent with the observation that the
Coasian effect is further propelled by the behavioral bias. (4) and (8) in Table 7 serves as evidence for
Hypothesis 6 and 7, respectively. The findings may be useful for market designers concerned with the
efficiency of the platform transactions.

4

Concluding Remarks

The monopolist armed with richer outside options credibly exploits a hard deadline as a commitment
device to create his brinkmanship. This paper theoretically explores whether a buyer could employ
β
0 ∼ 0.112. I compute
2β
the average marginal probability effect (AMPE) as an average of MPE within subsamples split by the inflection point ά.
37 Using the coefficients of α and α 2 , β , β 0 , respectively, I compute the inflection point as Footnote 36. Then, the mean
β
β
0
0
effect is computed by β + 2 × β × 0 = 2.1 p.p., β + 2 × β × (1 − 0 ) = −0.9 p.p.. The results are normalized by a
2β
2β
10 p.p. rise in the risk.
36 Using the coefficients of α

0

and α 2 , β , β , respectively, an inflection point is computed as ά =
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a soft deadline to counter the monopoly. Using a simple durable goods monopolist model under a
deadline, I demonstrate the possibility that the buyers’ imperfect commitment to earlier exit potentially
augments the buyers’ expected surplus by creating a new motive for the monopolist to engage in price
discrimination. One may observe that the soft deadline partially revives the Coasian dynamics which
had been dormant under the hard deadline; when the Coasian effect dominates the deadline effect
from the soft deadline, the imperfect commitment to a soft deadline serves as a countermeasure to the
monopoly power. The finding revisits conventional wisdom regarding the durable goods monopolist
model to relate a time horizon to the surplus division, lying at the heart of the Coasian logic (Coase
(1972)). Moreover, the threat to exit before the deadline may suppress the probability of breakdown,
and thus, enhance the overall efficiency.
To test the validity of the soft deadline, I run a laboratory experiment. Though the buyer’s submitted purchase schedule is fairly consistent with the model, the monopolists show robust cooperative
behaviors with a flavor of fairness, which has been routinely observed in the experimental literature.
Observing that the efficacy of a soft deadline is even fueled under the monopolist’s behavioral bias,
I conclude that my rational monopolist model provides a lower bound of the effect of the buyer’s
commitment. Other key features of the model are broadly replicated.
To export the insights from the laboratory experiments to the real world, one has to be extremely
careful of how much fairness is applicable to each context of bargaining. Display of fairness appears
to be highly dependent on the institutional setting; while a large body of experimental evidence and
field evidence (e.g. Backus et al. (2020)) on one-on-one bargaining reports fairness, it is plausibly
less prevalent among cutthroat business deals or cross-country negotiations.38 The findings may help
negotiators in practice or market designers facing rising monopolistic powers.
38 Guided

by an empirical paradox on the dictatorship game (i.e., a simplified ultimatum game without a veto power of
the responder), List (2007) argues that one needs a strong caution for external validity of laboratory experiments.
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Figures and Tables

Figure 1: soft vs. hard deadline
Note: A soft deadline with a conditional probability of breakdown α ∈ (0, 1) is imposed at the end of period n∗ in contrast
to the hard deadline at period N. The buyer’s union commits that the negotiation might end at n∗ with probability α but
continue with probability 1 − α.

Figure 2: Bargaining dynamics in equilibrium (baseline vs. optimal commitment)
Note: The schedules of the players are simulated in the continuous-time model, where a soft deadline with α = 0.274 is
imposed at t ∗ = 3 out of the time horizon T = 6. The bargaining might end at t ∗ = 3 with probability α, but it might
continue with probability 1 − α.
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Figure 3: Commitment to the deadline and the buyer’s expected surplus
Note: A continuous-time model is simulated with T = 6, σ = 1, γ = − ln(0.98), and a threat point is set at t ∗ = 3. The
c∗ = 0.274 under the continuous-time model. A discrete-period model is simulated
vertical line is the optimal commitment α
with N = 6, σ = 1, δ = 0.98, and a threat point is set after n∗ = 3. Both are simulated based on the analytical formula.

Figure 4: Optimal commitment (red: continuous-time, black: discrete-period)
Note: A continous-time model (red) is simulated with T = 6, σ = 1, γ = − ln(0.98), and a threat point is set at t ∗ = 3. A
discrete-period model (black) is simulated with N = 6, σ = 1, δ = 0.98, and a threat point is set after n∗ = 3.
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Figure 5: Expected surplus across types (optimal commitment (solid line) vs. baseline (dashed line))
Note: A continuous-time model is simulated with T = 6, σ = 1, γ = − ln(0.98), and a threat point is set at t ∗ = 3. A shaded
blue or red area is an expected gain from the soft deadline for buyers or the monopolist, respectively.

Figure 6: Ex-ante probability of breakdown and delay until agreement (simulation)
Note: A continuous-time model is simulated with T = 6, σ = 1, γ = − ln(0.98), and a threat point is set at t ∗ = 3.
The breakdown rate is computed by ct ∗ αt ∗ + (1 − αt ∗ )cT , and the delay until agreement is simulated as E(tagreement ) =
R t=t ∗ dkt
R t=T dkt
dt + (1 − α) t=t
dt. A discrete time model is simulated with N = 6, σ = 1, δ = 0.98, and a threat point is
∗ t
t=0 t
dt ∗
dt
set after n = 3.
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Figure 7: Computer screen (example)
Note: A soft deadline is set at n = 3 with a commitment α.

Table 1: Summary of experiments
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Figure 8: Cutoff dynamics under sufficient patience across commitment intensities (black: experiment
vs. red: model)
Note: The mean values are computed among pairs remaining in each period among the commitment group. Under the
environments with fewer than 20 observations, the average is computed, including linearly extrapolated values. (See
Section 3.3.5.) I simulate the theoretical average prices within the risk category, weighted by the number of experimental
observations of each environment. The red shades feature a pair of deadline effects at n = 3, 6. The result under the lower
patience δ = 0.7 is in the Appendix.
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Table 2: Commitment effect on cutoff schedules
Note: A group of commitment is the same as Table 2. Parentheses contain standard errors. Red bold, red, and black
bold figures show p < 1%, p < 5%, and p < 10%, respectively. OLS regressions include constants. Fixed effects capture
individual subjects of monopolists and buyers. – shows a value unavailable by design (α = 1).

Table 3: Commitment effect on the last-minute agreement at soft vs. hard deadlines
Note: Parentheses contain standard errors. Red bold and red figures show p < 1% and p < 5%, respectively. All the models
include intercepts. AMPE (average marginal probability effect) is computed as an average of MPE of each observation.
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Figure 9: Commitment effect on price dynamics under sufficient patience across commitment intensities (black: experiment vs. red: model)
Note: The mean values are computed among pairs remaining in each period among the same commitment group as Figure 8.
Under the environments with less than 20 observations, the average is computed including linearly extrapolated values. (See
Section 3.3.5) I simulate the theoretical average prices within the risk category, weighted by the number of experimental
observations of each environment. The red shaded area is concession with respect to commitment. The result under the
lower patience δ = 0.7 is in the Appendix.

Figure 10: Mean duration until agreement (black: experiment, red: model)
Note: The duration is defined only when reaching agreements. The black dots are standard deviations.
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Table 4: Commitment effect on price schedules
Note: A category of risk is the same as Table 2. Parentheses contain standard errors. Red bold, red, and black bold figures
show p < 1%, p < 5% and p < 10%, respectively. OLS regressions include constants. – shows a value unavailable by
design (α = 1).
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Table 5: Commitment effect on the buyers’ expected surplus (level vs. share; raw data and replicated
experiments)
Note: Parentheses contain standard errors. Red bold and black bold figures show p < 1% and p < 10%, respectively.
× indicates an interaction with a dummy of δ = 0.98. Monte Carlo (MC) simulation is implemented by the two steps
above. OLS regressions include constants. I include fixed effects of monopolists and buyers. The buyer’s surplus share is
computed only for pairs reaching agreements.

Table 6: Commitment effect on the delay until agreement
Note: Delay until agreement is normalized to a unit interval. Samples are limited to 878 trades reaching agreements. Parentheses contain standard errors. Red bold, red, and black bold figures show p < 1%, p < 5%, and p < 10%, respectively.
OLS regressions include constants.
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Table 7: Commitment effect on breakdown and efficiency (raw data and replicated experiments)
Note: Parentheses contain standard errors. Red bold and black bold figures show p < 1% and p < 10%, respectively. A
deviation from the model is computed as the mean deviation ratio of the predicted outcome from the analytical formula
across all of the range of risk. Monte Carlo (MC) simulation is implemented by the two steps above. OLS regressions
include constants.

Figure 11: Estimated sensitivity of ex-ante probability of breakdown and efficiency with respect to
commitment (black: replicated experiment (100 times), red: model)
Note: The value is computed on the baseline parameters (δ = 0.98, σ = 1), relative to the non-commitment case.
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