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Abstract

I study the role of privacy in bargaining. A seller makes offers every instant, without

commitment, to a privately informed buyer. Potential competing buyers (entrants) can

choose to interrupt the negotiation by triggering a bidding war. Entrants either observe

the offers (public bargaining) or only observe the bargaining delay but not the offers

(private bargaining). If entrants prefer that the incumbent buyer’s type be lower, then

typically private bargaining benefits the seller, raises prives, and increases delay. If

entrants prefer that that type be higher, the effects are exactly reversed.
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1 Introduction

This paper studies the effects of privacy on bargaining. How do agents negotiate differently

when they know their offers are being observed? While there are many possible reasons for

agents to care about privacy, I focus on one particular force: as they bargain, agents are

concerned about strategic audiences who observe (something about) the negotiation and can

choose to interrupt it at a cost.1

For example, many mergers-and-acquisitions deals start as bilateral negotiations between

a company and an acquirer, but they endogenously become an auction when another acquirer

chooses to trigger a bidding war after its interest is piqued. Consider the recent acquisition

of Straight Path, a telecom company, by Verizon.2 Straight Path owned spectrum licenses

in the 28 and 39 gigahertz frequencies, which industry observers think will be crucial for 5G

networks. In early 2017, AT&T approached Straight Path privately, and after months of

negotiations (in mid-April of that year), the two companies announced their intention to sell

Straight Path to AT&T for $1.25 billion, a 160% premium on Straight Path’s stock price.

The transaction was scheduled to close within 12 months.

Since Straight Path was publicly traded, the terms of the deal were released in press

statements at the time. The long closing window provided an opening for AT&T’s competi-

tors. Within a couple of weeks of the terms of the deal being released, Verizon approached

Straight Path with a counter-offer. This triggered a fast bidding war between AT&T and

Verizon, with Verizon nearly doubling its bid within a two-week period. By early May, Veri-

zon offered $3.1 billion, a 500% premium on the original stock price, and AT&T folded. Even

though the original AT&T deal had a 12 month closing window, Straight Path shareholders

approved the merger with Verizon two months after Verizon’s winning bid.3

This concern about “endogenous interruption” is at work in many other bargaining inter-

actions beyond the M&A example. Endogenous interruption seems especially relevant in the

1 More generally, parties to a negotiation would have two reasons to care for privacy: they are worried
strategic audiences who come into play while the two parties are disagreeing, or they are worried strategic
audiences who come into play only once an agreement has been reached. This paper covers the first reason for
privacy, while concerns about reputation or releasing proprietary information that hurts one’s competitive
edge even after a successful deal is struck would correspond to the second reason.

2 I draw this vignette from popular press and press releases by Straight Path: (i) www.businesswire.com/
news/home/20170508005578/en/, (ii) about.att.com/story/att_to_acquire_straight_path.html,
(iii)www.businesswire.com/news/home/20170802006531/en/straight-path-stockholders-approve-
merger-verizon, and (iv) www.businesswire.com/news/home/20161007005166/en/straight-path-

communications-reports-results-fourth-quarter.
3 To my knowledge, this process of negotiations endogenously becoming auctions has not been tabulated

explicitly in the corporate finance literature, but there is some indicative evidence that it is common. Schwert
(1996) shows that, in the 1975-1991 period, 30% of tender offers for US-listed companies in his sample
eventually drew multiple bidders.
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realm of private politics (Egorov and Harstad, 2017). When a labor union bargains with a

firm over a wage contract, both parties understand that there are regulators observing the ne-

gotiation who can choose to intervene depending on how the bargaining evolves—regulators

can impose an arbitration agreement, they can force injunctions that prevent lockouts, or

they can require the union to continue working before an agreement is reached. For exam-

ple, the early 2000’s strike by ILWU, the longshoremens union in the US, essentially ended

after the intervention of President Bush. At the time, both parties were clearly aware of

the possibility of endogenous interruption, and in fact press reports suggest that the ship-

pers’s bargaining strategies were tailored explicitly to induce the president’s intervention.

According to a New York Times article on the dispute, “[t]he union said the lockout was a

management ploy intended to have the president intervene.”4

The contribution of this paper is to characterize negotiating parties’ induced preferences

for privacy when they face strategic audiences of this kind, and relatedly, to characterize the

equilibrium effects of disclosure rules, of the kind imposed on publicly traded companies,

that prevent players from bargaining in private (or as privately as they would like).5

In the foregoing, I abstract somewhat from institutional detail, and I study these issues

in a model where a long-lived seller and a long-lived buyer bargain in the shadow of short-

lived competing buyers (“entrants”).6 Entrants arrive randomly; when they arrive, they can

choose to interrupt the negotiation at a cost and trigger a bidding war, at which point the

game ends. Time is continuous, on an infinite horizon, and both long-lived players discount

the future at the same rate. The seller, who owns an indivisible asset, makes offers to the

buyer, who has private information about his value for the asset. The seller can adjust her

offers every instant, and she cannot commit to future prices.7 The entry cost is a random

“due diligence” fee, the payment of which reveals his actual value to an entrant. Because of

4 The article quotes the AFL-CIO secretary-treasurer as follows: “We’re absolutely furious . . . The P.M.A.
[ports management] locked the workers out, contrived a phony crisis and then gets rescued by the adminis-
tration. They’re getting their way and have the weight of the government behind them.” See www.nytimes.

com/2002/10/09/us/president-invokes-taft-hartley-act-to-open-29-ports.html. Another classic
case that follows this pattern is the strike by PATCO, the air traffic controllers’ union, against the FAA,
which ended when President Reagan fired all striking workers after they ignored his deadline to return to
work.

5 For example, “serious” offers are considered material information for shareholders, and must therefore
be disclosed by management. In the private politics examples, where regulators can always “ask to see the
books” when they intervene, the negotiating parties could still hide their offers from the regulators by making
them verbally and not directly verifiable.

6 By having short-lived entrants, the model shuts off the option value problem of entrants who may wait
to interrupt the negotiation at an optimal time. However, the model retains the key feature that the buyer
and the seller worry about the informational content of their bargaining postures to third parties—especially,
how these postures may delay or hasten the interruption of bargaining.

7 Throughout, I refer to the seller as “she,” and to both the incumbent buyer and any given entrant as
“he” whenever this would not cause confusion. “The buyer” always refers to the incumbent buyer.
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the discounting, higher types of the buyer dislike delay relatively more, and the game satisfies

the usual “skimming property”: higher types accept any offer that lower types would have

accepted, and after any history, the seller’s beliefs are truncations of her prior. I focus on a

class of Markovian equilibria where continuation play depends only on the truncation cutoff.

I study how outcomes differ when bargaining happens in public (entrants can see the

entire history of rejected offers) versus when it happens in private (entrants see how long

bargaining has been going on for, but not the specific offers that have been made and

rejected). The buyer and the seller realize that their continued disagreement conveys different

information to the entrants when the offers are public than when the offers are private, so

they bargain differently in the two cases.

Assume for the moment that the buyer and the entrants have independent private values

(IPV)—I address the more general case shortly. Then the main force in the model is that

disagreement encourages entry : when entrants learn that the buyer has rejected an offer,

they revise their beliefs about the buyer’s value downward, and they become more willing

to trigger a bidding war. Indeed, because of the single-crossingness of the buyer’s payoffs,

entrants know that high types of the buyer dislike delay relatively more, so that any offer

that is accepted by a low type would also have been accepted by a high type. Entrants

then interpret every offer that the buyer rejects as evidence that the buyer’s value is low

(since a high enough type would have accepted a reasonable offer). When values are IPV, this

evidence makes entry strictly more attractive to entrants, since they become more optimistic

about their odds of winning the bidding war but do not update either way about their value

upon winning.

The main result is that, when disagreement encourages entry, the seller typically prefers

to bargain in private.8 To unpack the content in this result, note that, when she bargains

in public, the seller acquires a lever that is unavailable to her under private bargaining: she

can use her offers to increase competition against the incumbent buyer. If the seller makes

a high offer publicly and this offer gets rejected, entrants hardly update their beliefs or the

rate at which they enter, since they conclude that only very high types would have accepted

such an offer; meanwhile, if the seller makes a low offer publicly that gets rejected, entrants

conclude the buyer’s type must be very low and accelerate their entry. In contrast, under

private bargaining, entry rates are endogenously determined in equilibrium, but the seller

knows she cannot affect them through her offers—at any point in the game, entrants never

know whether a rejected offer was high or low, so they behave in the same way regardless of

8 When the comparison between public and private bargaining is ambiguous, an auxiliary result shows that
the seller prefers bargaining nearly in private (where all offers after the very first are private) to bargaining
in public.
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which offer was made at that point. This public offers lever would appear, at first blush, to

be clearly helpful to the seller. The main result shows the opposite: in equilibrium, having

this lever available typically harm the seller.

For an initial intuition, recall that, as first pointed out by Coase (1972), the issue faced

by the seller when she cannot commit to future prices is that she is tempted to lower her

offers too quickly for her own good. She would do better to commit not to revise a rejected

offer for a while, but in practice, after a rejection, she reduces her offer in order to avoid

additional delay. The buyer anticipates these future price drops, and in response he reduces

his willingness to pay high prices in the present, which hurts the seller’s profit. Making offers

public gives the seller an additional incentive to lower her offers quickly in the future (since

this increases the competition faced by the buyer), which only exacerbates her commitment

problem. Having the ability to lure in competition by making public offers can therefore

hurt the seller.

The crux of the formal argument is as follows. First, whether the negotiation is public

or private, the seller’s equilibrium payoff typically9 equals her “ex ante value of stalling”:

what she would obtain if, instead of following her equilibrium strategy, she were to make

unreasonable offers forever from that point on and simply waited for entry and the ensuing

bidding war. This is how the classic Coasian Coase (1972) Force operates in the model.10

The seller’s equilibrium payoffs will therefore equal (i) the expected profits from the

eventual bidding war, (ii) discounted by however long it would take for entry to happen if

the seller deviated to stalling indefinitely. The profits in (i) are the same whether the stalling

happens in public or in private, so in order to rank the seller’s payoffs across private and

public bargaining, it suffices to rank the discounts in (ii).

Figure 1 illustrates the contrasting effects that this “indefinite stalling” deviation has on

entry. Focus first on panel (a), which describes the benchmark world where disagreement

encourages entry. When offers are public, the entrants can detect when the seller deviates

to making unreasonable offers forever; they would therefore stop updating about the buyer’s

value, and the entry rate would become frozen at the current level (recall that entrants are

9 To be precise, this holds in the public offers case if the seller starts the game by screening finely, i.e.,
there is no atom of trade at the beginning of the game. Theorem 2 extends the main result to complementary
case where the public offers game starts with an atom of trade, but the overall logic is the same as given in
this vignette.

10 In a model without entry, Coase (1972) conjectured that the seller’s extreme lack of commitment pushes
her payoffs down to her marginal cost of production. In my model, the seller has no cost of production, but
she does incur an opportunity cost when she makes an offer that is acceptable to the buyer: she could always
choose to make unreasonable offers for a while that the buyer would be sure to reject, i.e., “stalling.” Were
the seller to stall for a while, entry would still happen with strictly positive probability and generate strictly
positive profits. Since the seller has this option at her disposal, she must somehow be compensated for it in
order to induce her to make reasonable offers to the incumbent buyer.
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(0, 0) t

public

private

correct
beliefs

(a) Disagreement encourages entrants.
Seller prefers private.

Entry

(0, 0) t

public

private

(b) Disagreement frightens entrants. Seller
prefers public.

Figure 1: Effects of counterfactual “stalling” strategy. Public offers: entrants observe devi-
ation to unreasonable offers, cease updating their beliefs, entry rate freezes. Private offers:
entrants cannot observe deviation, enter as though seller were still making reasonable offers.

short-lived). This is the solid line in panel (a). On the other hand, when offers are private,

if the seller deviated to stalling indefinitely, the entrants would never detect that deviation.

Hence, they would continue to believe that the seller’s offers had been reasonable—as would

have been the case in equilibrium—, they would become increasingly optimistic about their

bidding war payoffs as the negotiation dragged on, and the entry rate would keep rising.

This is shown in the dotted line.

If the private offers entry rate started below the level at which the public offers rate gets

frozen, the ranking between discounts to entry would be ambiguous. On path, however, the

ranking is clear: since entrants under private bargaining must have correct beliefs about the

seller’s offers, at the beginning of the private game they correctly believe that the seller has

screened no types—just as they know that the seller has screened no types at the beginning

of the public bargaining game. The private offers entry rate must therefore start at exactly

the same level at which the public offers rate is frozen. Hence, the seller discounts the

eventual profits from indefinite stalling by less when her offers are private, and she prefers

bargaining in private. This concords with the economic intuition given above: The seller’s

lack of commitment pushes her payoffs down to her “outside option”, but that outside option

is worse under public offers. This is the precise sense in which publicity “exacerbates” the

seller’s commitment problem.

Beyond the main payoff result, I characterize the effects of privacy on bargaining. First,

I show that the seller’s preference for private bargaining is the composition of two effects

that push her payoffs in opposite directions. On the one hand, when offers are private,

the buyer and the seller reach agreement at strictly higher prices, uniformly in the buyer’s

type—this benefits the seller. On the other hand, under a natural sufficient condition, the
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seller and the buyer also reach agreement strictly later, and entry happens strictly later in

the usual stochastic order, uniformly in the buyer’s type. This hurts the seller, but the

negative consequences of later agreement and lower entry are swamped by the higher prices.

Second, I show that hiding the offers from entrants makes high-valuation buyers worse off in

expectation, and it makes all buyer types worse off on histories with no entry. Third, I show

there are differences in kind between bargaining in public and bargaining in private. Under

public bargaining, prices have an “ex post regret” property: to lure the entrant, the seller

makes offers so low that, conditional on their being accepted, she wishes she had waited

for entry instead. Under private bargaining, prices have a “no ex post regret” property:

conditional on being accepted, offers equal what the seller would obtain from waiting for

entry indefinitely.

Generalizing beyond the benchmark IPV environment, observing a rejected offer could

encourage or discourage entrants. For example, with some correlation between values, as

entrants learn that the buyer’s value is lower, they become more optimistic about the amount

of competition they will face in the bidding war, but more pessimistic about the value they

will get if they win. In the extreme, if entrants become pessimistic about their value faster

than they become optimistic about their competition, then entry could be discouraged by

disagreement.

I show that the equilibrium effect of privacy depends on whether entrants are encouraged

or discouraged by disagreement: as entrants rule out more types of the buyer in descending

order from the top, do their expected entry payoffs increase or decrease? If disagreement

encourages entry (entrant payoffs decrease as buyer types get ruled out), publicizing offers

will tend to hurt the seller, lower prices, and speed up trade. If disagreement discourages

entry (entrant payoffs decrease as buyer types get ruled out), publicizing offers will tend

to help the seller, raise prices, and slow down trade. This distinction matters more for the

effects of privacy than the fine details of the post-entry game, or whether buyer values are

private or common. For example, in one extension, the seller is a labor union, the buyer is a

firm that is privately informed of its gross profits, and the “entrants” are a regulator who can

impose a surplus split after the Poisson arrival of a crisis that in the absence of intervention

will wipe out social surplus. Under this parametrization, disagreement discourages entry, so

the union will prefer to bargain in public.

While the effects of privacy can depend on the information structure, the analysis uncov-

ers a common logic behind the two cases. When disagreement encourages entry, bargaining

in public exacerbates the seller’s Coasian commitment problem, by giving her additional

reasons to lower her offers quickly in the future. When disagreement discourages entry, bar-

gaining in public lessens the seller’s commitment problem, since she now has a reason to
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keep her offers high: if she lowers them too quickly, she will not only fetch lower prices, but

she will also discourage competition against the incumbent buyer.

Panel (b) illustrates the logic of the argument when disagreement discourages entry. In

that case, the seller’s payoffs are still pinned down to her ex ante value of stalling, and when

offers are public, the entry rate still freezes after the seller’s stalling deviation. However, the

entry rate now drops over time when offers are private: entrants attribute disagreement to

the rejection of a reasonable offer, they conclude that their own value is low, and thus they

become less willing to enter the longer the seller stalls. The seller therefore prefers public

bargaining.

The paper is organized as follows. Section 2 discusses related literature. Section 3 then

presents the benchmark model and the equilibrium concepts for public and private offers.

Writing down the model directly in continuous time greatly simplifies the analysis, but it

requires me to introduce some technicalities and use an equilibrium concept that, while not

being fully game-theoretic, captures the key features of a discrete-time game-theoretic analy-

sis. Section 4 formally states the main results on the seller’s induced preferences over privacy,

which are then developed in the rest of the paper. Section 5 describes the key steps in the

proof of the main result. Section 6 decomposes the payoff comparisons into price and delay

changes. Section 7 combines results from previous sections to give formal existence results.

Section 8 considers extensions to the model: how the model can incorporate common and

correlated values, and how the analysis extends to different models of privacy in bargaining,

such as when a firm and a labor union bargain over a wage contract under the shadow of an

inattentive regulator. Section 9 concludes and discusses the model’s implications for disclo-

sure and “price transparency” policies. It also discusses the contrast between this model and

one in which the seller can fully commit to her offers, thereby highlighting the new insights

that come from modeling the lack of commitment. All omitted proofs are in the Online

Appendix.

2 Related Literature

This work contributes to a recent literature on the effects of price transparency on market

performance (Hörner and Vieille, 2009; Kaya and Liu, 2015; Fuchs et al., 2016). This family of

models focuses on discrete-time search markets, where a long-run informed player faces offers

by a sequence of short-run uninformed players. In these works, making the offers private

(hiding them from future uninformed players) speeds up trade and can help efficiency; in fact,

Fuchs et al. (2016) show that private offers can be Pareto superior to public offers when the

offering side is competitive. Hörner and Vieille (2009), who incorporate a lemons problem in
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the search market, show that when offers are public, equilibrium ends at an impasse, after

which no more trade happens, while with private offers there is always eventual agreement.

Both Kaya and Liu (2015) and Fuchs et al. (2016) show that privacy makes prices more

favorable to the informed player (prices are higher when the seller is informed, lower when

the buyer is informed).

My paper shares the key concerns of this literature. However, by looking at bargaining

between long-lived agents (rather than a search market) and by allowing for endogenous

entry, I uncover a very different mechanism through which price transparency can shape

outcomes: privacy changes the severity of the offering player’s commitment problem. In par-

ticular, this new mechanism can cause price transparency to have an effect exactly opposite

to that found in search-market literature: for example, when the informed buyer side—on

which entry happens—has independent private values, privacy increases delay and makes

prices less favorable to the incumbent buyer. The fact that privacy can have starkly different

effects depending on the valuation structure on the buyer’s side is also new. I discuss the

contrast between my results and those in this literature in Remark 3.11

In addition, this paper contributes to prior work on the interaction between endogenous

entry and private information in markets. An earlier literature on static mechanism design

considered how the need to induce the endogenous entry of agents could completely change

the auction format a seller should use (McAfee and McMillan, 1987; Levin and Smith, 1994;

Ye, 2007). Recent papers in mechanism design consider the new incentive issues that arise

when long-lived agents can choose the time at which they arrive to or depart from the market

(Chaves, 2017; Garrett, 2017; Mierendorff, 2016; Gershkov et al., 2015, 2017). However, since

the seller has full commitment power in these papers, the main force I identify (the interaction

between market transparency and the seller’s lack of commitment) is absent from them.12

Finally, this paper contributes to a recent literature on bargaining in changing environ-

ments (Inderst, 2008; Fuchs and Skrzypacz, 2010; Ortner, 2017; Daley and Green, 2018). In

these works, the environment evolves exogenously, due to arrivals of news (Daley and Green,

2018), arrivals of other players (Inderst, 2008; Fuchs and Skrzypacz, 2010), or because the

11 To my knowledge, the earliest model on the impact of privacy in bargaining between long-lived agents is
Perry and Samuelson (1994). In their two-period model, the “audience” is a constituency on behalf of whom
one of the agents is bargaining. When the bargaining happens publicly (“open-doors’), the constituency can
force an end to the negotiation after observing the failure of the first round of offers, whereas with private
bargaining (“closed-door”), the constituency can only accept or reject final offers. The motive for privacy is
therefore different from, and complementary to, the one highlighted by my model.

12 To my knowledge, outside the commitment framework, few works study private information and en-
dogenous entry in dynamic settings. A notable exception is Zryumov (2015), in which there are good and
bad entrepreneurs, and bad entrepreneurs can strategically choose when to enter the market for funding.
Funding offers are made by a competitive capital market and pinned down by a zero-profit condition, the
economic forces are substantially different from those in my model.
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seller’s cost changes over time (Ortner, 2017). In common with these papers, I look at

Stationary/Markovian equilibria of a Coasian Bargaining setup (Bulow, 1982; Stokey, 1981)

in the “frequent offers” limit: there is one-sided incomplete information, the uninformed

party (usually a seller) makes all the offers, and the real delay between offers is vanishingly

small.(Fudenberg et al., 1985; Gul et al., 1986).13

Specifically, the “stage game” I use borrows from Fuchs and Skrzypacz (2010), who study

the frequent-offers limit of a discrete-time bargaining game where some event that ends

the negotiation can arrive at a constant, exogenous rate. My approach to formulating the

bargaining interaction directly in continuous time—writing the uninformed agent’s problem

in “quantity space”—follows Ortner (2017) and Daley and Green (2018). Instead of directly

choosing its offers, the uninformed agent solves an optimal control problem (how fast to

screen the informed side), while the informed side solves an optimal stopping problem (how

long to wait for better offers). While the modeling approach I use is similar to these papers,

they have a very different focus: since their bargaining environments evolve in an exogenous

way, there is no role for privacy.

3 Model and Equilibrium Notions

3.1 Stage Game and Entry Dynamics

There is a long-lived seller S and a long-lived buyer B bargaining over an indivisible asset

owned by S. They face a sequence of possible short-lived second buyers (E, for “entrant”)

who observe the course of negotiations and can choose to enter and trigger a bidding war.

B’s willingness to pay for the asset is a privately known type vB ∼ FB[0, 1]. Potential

entrants arrive to the market according to a Poisson process with constant rate λ0, which

is independent of vB. Each entrant is characterized by a private cost of entry c ∼ G[0, c̄].

By paying c, an entrant can privately observe his value for the asset vE ∼ FE[0, 1]. The c’s

and vE’s are independent across entrants, independent of the Poisson arrival process, and

independent of vB (I show how one can relax the latter below). Assume c̄ > E[vE], which

ensures that the rate of entry always responds to screening, i.e., however many buyer types

have been screened, there always exist entrant cost types who delay entry until even more

buyer types get screened. For most of the the necessary conditions below, it will suffice that

FB and G be absolutely continuous, with full-support, strictly positive continuous densities.

However, to show existence of solutions to certain ODEs, I impose the additional regularity

13See Ausubel et al. (2002) for a comprehensive review of the preceding Coase Conjecture (Coase, 1972)
literature. Ausubel and Deneckere (1989a,b) consider the full class of equilibria.
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condition:

Assumption 1 (Smooth Primitives). FB, FE, G have full-support, strictly positive contin-

uous densities fB, fE, and g. Moreover, fB ∈ C2[0, 1] and g ∈ C3[0, c̄].14

It will prove convenient later on to have notation for right-truncations of FB. For k̃ ≤ k,

let FB(k̃; k) = FB(k̃)/FB(k), and fB(k̃; k) = fB(k̃)/FB(k).

S makes
offer to B B rejects E arrives, learns c

E pays c, learns vE,
triggers auction, game ends

B accepts,
game ends

No E arrives,
next “period”

E leaves,
next “period”

[t, t+ dt)

Figure 2: Heuristic “Stage Game”

Time is continuous, with an infinite horizon. Figure 2 contains a heuristic description

of the “stage game” happening within each “period” [t, t + dt).15 It is as though, at each t

before the arrival of an entrant, the seller offers a price to B, who can accept or reject. If B

accepts, the game ends, but if B rejects, one of three things can happen. First, an entrant

E can arrive. If no entrant arrives, the game moves on to the next “period,” i.e., bargaining

between S and B continues. If an entrant E arrives and chooses to pay his entry cost c, he

then learns his value vE and immediately triggers bidding war against B, which ends the

game (formally, there is an ascending auction with no reserve price). If E does pay c, he

leaves, and the game moves to the next “period,” i.e., bargaining between S and B continues

as though E had never arrived. In this sense, E is “short-lived”: he has only one chance to

enter.

If S and B agree at time t on a price p before entry occurs, they receive payoffs e−rtp

and e−rt(vB − p), while any entrants that may have arrived but not entered receive 0. Let

πS(vB) =
∫ 1

0
min{x, vB}dFE(x) and πB(vB) =

∫ 1

0
(vB − x)+dFE(x) be S and B’s expected

14 That is, they are C2 and C3 in the interior of their respective domain, their right-hand derivatives exist
and are continuous at left corners, and vice-versa for right corners.

15 In continuous time, the particular ordering of these actions within the stage game only really matters
whenever beliefs or behaviors “jump,” as can happen in my model. What captures my particular extensive
form “stage game” is the assumption that, when belief cutoffs jump at t after a rejection, entrants best-
respond according to their beliefs after the jump.
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payoffs from the bidding war (i.e., the ascending auction) when B has type vB. If there is

entry at time t and a bidding war is triggered, S receives e−rtπS(vB) (in expectation over

vE), B receives e−rtπB(vB) (also in expectation over vE), and E receives (vE − vB)+ − c.

For future reference, let ΠS(k) = E[πS(vB)|vB ≤ k] denote the seller’s expected profit from

the bidding war if she knows that vB ≤ k, and let ΠE(k) = E[(vE − vB)+|vB ≤ k] denote

an entrant’s expected surplus from the bidding war (gross of information acquisition costs)

when he believes vB ≤ k.

By standard results on sampling of Poisson processes, if at time t entrants interrupt

whenever c ≤ c̄t for some non-random path t 7→ c̄t, then σ, the stopping time of entry, is

the first tick of an inhomogenous Poisson clock with rate λ0G(c̄t). For future reference, let

Λ(k) := λ0G(ΠE(k)) denote the instantaneous rate when E enters iff c ≤ ΠE(k).

Remark 1. Given the assumption that entrants are short-lived, endogenous entry affects

the negotiation only through the reduced-form functions (Λ, πS, πB), which depend only on

model primitives. Aside from Assumption 1, the properties of (Λ, πS, πB) that are key for

the analysis are

1. Λ′(·) < 0 (if entrants believe vB is higher, they are less likely to enter).

2. Λ(v)
Λ(v)+r

(πB(v) + πS(v)) < v, ∀v (immediate agreement is bilaterally efficient for B and

S: if B and S knew vB = v in common, they would prefer to agree immediately rather

than wait for an entrant who only knows that vB ≤ v).

3. πB(·)′ ∈ [0, 1) (B’s payoff is supermodular in type and discounting until agreement, so

higher types agree sooner, i.e., there is “skimming”).

4. πS(·) ≥ 0, π′S(·) > 0 (upon entry, S prefers higher vB’s).

3.2 Equilibrium Concept

Overview Holding fixed entrants’ actions, the buyer and seller are playing a continuous-

time game with observable actions. There are conceptual problems with simply importing

typical Nash notions of equilibrium to such an environment (Simon and Stinchcombe, 1989).

Instead, similar to Ortner (2017) and Daley and Green (2018), I define an equilibrium

notion that is tailored to my setting but still captures key features from fully game-theoretic,

discrete-time analyses of Coasian bargaining (along the lines of Strong Markov Stationary

Equilibria, e.g, Fudenberg et al. (1985); Gul et al. (1986); Ausubel et al. (2002)):

• Equilibria satisfy a “skimming property”: higher types of B accept earlier than lower

types, so S and E’s posterior beliefs about vB after any history are a right-truncation of

11



the prior. The current belief truncation (“the cutoff”) forms a natural state variable for

the game, so the focus is on equilibria where acceptance strategies can be summarized

by a cutoff-dependent reservation-price.

• This reservation price function “acts as a[n inverse] static demand curve for the seller”

(Ausubel et al., 2002, p. 1913). Hence, analogously to working in “quantity space” in

monopoly theory, one can think of the seller as choosing cutoffs rather than choosing

prices. That is, for prices on the range of the reservation price function, the seller’s

choice of offers reduces to a choice over how quickly to screen buyer types. Meanwhile,

for prices in that range buyers solve an optimal stopping problem: conditional on no

entry, when should they “stop” and accept the offer, rather than allow the cutoff state

variable to evolve further?

Along the path of a (discrete-time) Stationary Equilibrium, the seller would never offer a

price outside the range of the reservation price function. As in Daley and Green (2018), the

seller in my model optimizes only over paths of cutoffs; aside from some regularity conditions,

the restriction implied by my formulation below is that even off path, price offers still come

from the reservation price function (existence in this class is shown by construction).

This continuous time formulation has the advantage of dramatically simplifying the anal-

ysis and allowing for sharp comparisons between public and private bargaining. In continuous

time, whenever the seller is screening buyer types one by one, prices, seller payoffs, and of-

ten trading speeds are all pinned down to a “smooth trading locus” that depends only on

fundamentals. This “smooth trading locus” then guides the rest of the analysis.

I develop the equilibrium definition for the public offers game first, later clarifying how

to adapt it for the case of private offers.

“Skimming Property”, Definition of Markov State Let σ be a random time of en-

try and {Pt, t ≥ 0} denote some (possibly random) sequence of price offers such that the

expectation below is well-defined. Then vB’s payoff from accepting at τ can be written as

E
[
1σ>τe

−rτ∧σ(vB − πB(vB)) + e−rτ∧σπB(vB)− 1σ>τe
−rτ∧σPτ

]
When π′B(·) ∈ [0, 1), this objective satisfies strict single-crossing differences in (−τ, vB), so

any selection of maximizers will be decreasing in vB (Milgrom and Shannon, 1994). There-

fore, the game satisfies a skimming property: at any time t, for any history of offers and

entry time with σ > t, there will exist some cutoff type Kt such that all vB ≥ Kt would have

accepted weakly before t. Other players’ beliefs about vB after observing such a history will

be right-truncations of FB at Kt.

I study equilibria that are Markov in Kt, the cutoff for vB. Below, k denotes a generic

12



value of Kt. The symbol K (without a subscript) denotes an entire path t 7→ Kt. For clarity,

I sometimes write Kk to denote a path t 7→ Kk
t with starting point Kk

0− = k. The boldface

symbol Kpub denotes a collection of paths {Kk}k∈[0,1], one for each t = 0− starting point.

I use the short-hand “reaching a state k” to mean that, at some time t, along a path K,

Kt− = k (this convention allows for the possibility that K jumps at t).

The key equilibrium objects in the public offers game are a triple16

{
Kpub, P pub(·),L(·)

}
where each element roughly corresponds to the strategy of a particular player:

1. Kpub is a collection of non-increasing measurable paths chosen by the seller, one for

each initial cutoff k ∈ [0, 1] (restrictions on the space of possible paths are given below).

These are the seller’s belief cutoffs that she induces through own offers.

2. For any k, P pub(k) is simultaneously (i) vB = k’s reservation price strategy chosen by

the buyer; and (ii) the price offered17 at state k.

3. L(·) is the instantaneous rate of entry as a function of the state, chosen by the entrants,

so that over an infinitesimal interval [t, t+ dt) entry occurs with probability L(Kt)dt.

The set of all possible non-increasing cutoff paths is unmanageably large as a strategy

space for the seller. To make the analysis tractable, I consider a restriction on this space

that still allows for rich dynamics:

Definition 1 (Seller Strategy Space). A cutoff path K is admissible if it is (i) measurable,

(ii) non-increasing, (iii) right-continuous, and (iv) can be decomposed as K = L+M , where

L is absolutely continuous in t, and M is a step function with countably many jumps. Let

Ak denote the set of admissible paths K satisfying K0− = k, i.e., with initial value k. Time

intervals [t
¯
, t̄) where Kt̄− −Kt

¯
= Lt̄− − Lt

¯
are smooth trade regions. Letting K̇t denote the

(a.e.) derivative in such regions, −K̇t is the trading speed.

For future reference, a special case of a smooth trade region is a quiet period, i.e., an interval

[t
¯
, t̄) with Kt̄− = Kt

¯
.

The first three conditions on cutoff paths are standard regularity assumptions. Condition

(iv) has more bite. Since Kt is monotone decreasing, it has a Lebesgue decomposition. This

16 Below I expand the set of objects to include the seller’s value function generated by this triple of
strategies, so that I can cleanly state a condition on the class of equilibria that I study.

17 Implicitly, I do not allow the seller to randomize over offers. I do not formally rule out mixing, but note
that a key result in the discrete-time literature on the Coasian bargaining is that there is no randomization
along the path of Stationary (Weak Markov) Equilibria, and no randomization on or off path for Stationary
Strong Markov Equilibria. So while the restriction may entail some loss of generality, it still allows me to
capture much of the stationary behavior that would show up in a fully game-theoretic discrete-time analysis.
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already implies that K = L + M + N , where L is absolutely continuous, M is a piecewise

constant jump function, and N is a singular continuous function. Therefore, the additional

content in condition (iv) is twofold. First, admissibility requires that jumps in K are rare.

Second, it requires that the continuous part of K is sufficiently smooth: unless there is an

atom of trade, the buyer can actually see the price dropping gently over time, rather than

K only moving in “flashes.”18

Buyer’s Problem: Public Offers At state k, a buyer type vB takes P pub(·), L(·), and the

law of motion for Kk as given, and solves

sup
τ≥0

EKk
[
1σ>τe

−rτ (vB − P pub(Kk
τ )) + 1σ≤τe

−rσπB(vB)
]

(1)

where19 σ is the first tick of an inhomogeous Poisson clock with rates {L(Kk
t )}t≥0, and EKk

is the expectation operator over σ induced by the cutoff path Kk.

Seller’s Problem: Public Offers The seller S takes P pub(·) and L(·) as given, and solves

sup
Q∈Ak

EQk

[∫ σ

0

e−rtP pub(Qt)d(1− FB(Qt; k)) + e−rσFB(Qσ; k)ΠS(Qσ)]

]
(2)

where σ is the first tick of an inhomogenous Poisson clock with rate L(Qt), and EQk is the

expectation operator over σ induced by Qk.

Entrants’ Problem: Public Offers Entrants are short-lived (equivalently, only have a

single chance to act), so regardless of P pub(·) and the future path of cutoffs K, an entrant

who arrives at t interrupts the bargaining iff c ≤ ΠE(Kt). As in Figure 2, if the cutoff jumps

at t, so that Kt− 6= Kt, entrants choose to interrupt according to their beliefs after the jump.

Equilibrium Definition, Public Offers For convenience in stating a restriction on the

class of equilibria I consider, I add the (slightly redundant) seller’s induced value function

to the set of equilibrium objects. Altogether,

Definition 2. A triple of policies (
Kpub, P pub(·),L(·)

)
together with a value for the seller JpubS (·) forms a Markov Equilibrium of the public offers

18 Admissibility does rule out some potential dynamics. For example, in Daley and Green (2012) where
there is Brownian news and two types, singular trading dynamics correspond to certain kinds of mixing by
the informed party: the latter tries to keep the uninformed player’s belief above a certain level. Belief cutoffs
in my model only move downwards, so it is not clear what kind of behavior would correspond to singular
cutoff dynamics.

19 For any seller continuation strategy, the buyer “knows” the prescribed time path of future offers. Since
the seller is not randomizing and the buyer cannot accept “just” before entry, it suffices for him to choose a
deterministic stopping time.
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game if it satisfies

1. Buyer Optimality For all vB ∈ [0, 1], k ∈ [0, 1], P pub(vB) is an optimal reservation

price strategy for vB, taking as given the law of motion for Kk, future prices given by

P pub(Kk
t ) and entry rates given by L(Kk

t ): accepting at τ ∗ ∈ {t : P (Kk
t ) ≤ P (vB)}

solves vB’s problem in (1).

2. Seller Optimality For any k ∈ [0, 1], Kk is a seller-optimal admissible path of cutoffs

that delivers JpubS (k). That is, Kk solves (2), and JpubS (k) equals (2).

3. Entrant Optimality For all k, L(k) = Λ(k) = λ0G(ΠE(k)).

Note the double role of P pub. It is an optimal reservation price strategy for the marginal

buyer vB = k (the one whose type equals the current state) when future prices are given by

P pub(k′), k′ ≤ k. Having the same P pub as the reservation price function for any initial state

is in the spirit of Stationary Equilibria in the discrete time literature, and it will force the

laws of motion in Kpub to have a “feedback” form.

Equilibrium Definition, Private Offers Private offers equilibria similarly consist of ob-

jects that capture the seller’s screening decision, the buyer’s optimal stopping decision, and

the entrants’ entry decision, together with an induced value function for the seller.

Let Kk,t denote a cutoff path s 7→ Kk,t
t+s, s ≥ 0− such that20 Kk,t

t− = k. Let Kpriv denote

a collection of cutoff paths {Kk,t}k∈[0,1],t≥0, one for each starting point (k, t).

Definition 3. A Markov Equilibrium of the private offers game consists of a triple of policies(
Kpriv, P priv(·, ·), {λ∗t}t≥0

)
and a value for the seller JprivS (·, ·) such that

1. Buyer Optimality For all vB ∈ [0, 1], k ∈ [0, 1], t ≥ 0, P priv(vB, t) is an optimal

reservation price strategy for vB: accepting at τ ∗ ∈ {s : P priv(Kk,t
t+s, t+s) ≤ P priv(vB, t+

s)} solves vB’s optimal stopping problem

sup
τ≥0

Et
[
1σ>t+τe

−rτ (vB − P priv(Kk,t
t+τ , t+ τ)) + 1σ≤t+τe

−r(σ−t)πB(vB)
]

where σ is the first tick of a Poisson clock with rates {λ∗t′}t′≥0, and Et is the expectation

over σ|σ > t.

20 I allow s = 0−, since Kk,t may jump t, i.e. Kk,t
t < Kk,t

t− .
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2. Seller Optimality For any k ∈ [0, 1], t ≥ 0, Kk,t is a seller-optimal path of admissible

cutoffs that achieves JprivS , i.e., Kk,t solves the right hand side of

JprivS (k, t) = sup
Q∈Ak

Et
[∫ σ

t

e−r(s−t)P priv(Qs, t+ s)d(1− FB(Qs; k))

+ e−r(σ−t)FB(Qσ−t; k)ΠS(Qσ−t)

] (3)

where σ and Et are as in Point 1.

3. Entrant Optimality, Correct On-Path Beliefs For each s ≥ 0, λ∗s satisfies

λ∗s = Λ
(
Kk=1,t=0
s

)
= λ0G

(
ΠE

(
Kk=1,t=0
s

))
, (4)

i.e., the entrants have correct on path conjectures about cutoff paths.

Below, I often use the shorthand λ∗ = {λ∗t}t≥0.

There are three differences between this definition and the one for public offers. First,

since entrants do not observe prices in the private game, they do not know Kt and need to

form beliefs about it. These beliefs can only depend on how long the disagreement between

B and S has lasted, since entrants observe nothing else. Therefore, the relevant state for the

game is now two-dimensional, including both cutoff and calendar time. Second, in Condition

3., the seller now takes the law of σ as given. Since entrants cannot observe the true cutoffs,

the seller has no way of affecting the path of entrant beliefs that determine σ. Third,

even though entrants cannot observe prices, in equilibrium, their beliefs about vB must be

consistent with S and B’s on path choices. Given the focus on pure strategies for the seller,

the entry rate at t must then equal what it would have been had entrants known the on-path

Kt—this is exactly (4).

In sum, the private offers game is a game with an exogenous, time-varying entry-rate

(conditions 1 and 2), where the time varying entry rate is pinned down by the fact that

entrants have correct beliefs (condition 3).

I focus on a subset of Markov equilibria in which the seller alternates between periods of

sufficiently gradual trade and a few periods with atoms of trade.

Definition 4. A Markov Equilibrium of either the public or the private game is regular if,

(i) for any initial state (k, t), the seller’s continuation strategy has absorbing smooth trade: if

trade is smooth at (k, t̄), it is smooth at (k, t), t ≥ t̄; (ii) jumps are isolated; (iii) cutoff paths

K are differentiable on the interior of smooth trade regions; and (iv), JpubS (·) (or respectively,

JprivS (·, ·)) are C1.21

21 The role of the restriction is to derive necessary properties of equilibria from (classical) analysis of the
HJB’s. Existence in this class is shown by construction. Note that equilibria must still be robust to seller
deviations in the full class of admissible strategies.
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Below I abbreviate Regular Markov Equilibria as “RME” and when convenient refer to them

simply as “equilibria.”

4 Seller’s Induced Preferences for Privacy

I can now formally state the main result of the paper, i.e., the seller’s strong preference for

private bargaining.

Theorem 1.

1. Let (k, t) denote any state reached on path in a private offers RME Σpriv. If a public

offers RME Σpub prescribes smooth trade at k, then the seller strictly prefers the (k, t)-

continuation game of Σpriv to the k-continuation game of Σpub.

2. In particular, the seller strictly prefers every private offers RME to any public offers

RME that starts with smooth trade.

Below I provide conditions on primitives that guarantee existence of public offers RME

starting with smooth trade. With private offers, trade happens smoothly at all states (The-

orem 3). Therefore, the key to Theorem 1 is that smooth trade is always worse for the seller

when offers are public.

Theorem 1 leaves open the possibility that the seller might prefer public bargaining if the

parameters support public RME’s with an initial jump. Nevertheless, there is still a sense in

which the seller has robust preferences for privacy: public bargaining is dominated for the

seller by a regime that is nearly private. Indeed, consider a hybrid “starting-public” game,

where the first offer is made public and all subsequent offers are private. Defining RME’s for

this hybrid game is notationally cumbersome, so I relegate the formal definition to Online

Appendix D, but the main idea is straightforward. Since entrants observe the initial offer,

the seller controls the initial level of entry. After that first moment, players face a private

offers game with initial cutoff equal to the seller’s initial public choice. I show that this

nearly private regime is uniformly better for the seller than public bargaining:

Theorem 2. The seller strictly prefers every RME of the hybrid starting-public game to any

RME of the public offers game.

The proof is in Online Appendix D. If there were some benefit to the initial jump of a

public offers RME, the seller could always mimic that jump in the hybrid game with her

initial offer. Since bargaining is private after the first instant of the hybrid game, the seller

can avoid the harmful effects of trading smoothly in public that follow the initial jump of

the public offers game.
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5 Main Argument

This section describes the main argument behind Theorem 1.

Smooth Trading and Ex Ante Value of Stalling This subsection formalizes the idea

that, when the seller screens buyer types finely, her payoffs equal her ex ante value of stalling.

I first introduce two crucial objects. Let D(k) := Λ(k)
Λ(k)+r

; this is the expected discount

until entry when entry happens with constant rate Λ(k). In the public offers game, D(k) is

also the expected discount until entry when, after reaching a state k of an RME, the seller

deviates and stalls indefinitely, i.e., forever makes unreasonable offers that every remaining

vB would reject. Note that while D(k) is a complicated function of the primitives, it is still

defined entirely in terms of those primitives.

Likewise, let

DX(t|λ) :=

∫ ∞
t

λse
−

∫ s
t (λν+r)dνds,

denote the time-t present value of a dollar at entry when entry occurs according to a rate

(λs)s≥0. Suppose that, starting at some state (k, t) of a private offers RME with entry rates

with λ∗, the seller deviates and stalls indefinitely. Then the expected discount following this

deviation is exactly DX(t|λ∗): since entrants never observe the seller’s deviation, the entry

rate follows its expected path λ∗ even after the seller has started making unreasonable offers.

Lemma 1 (Seller’s Payoffs = Ex Ante Value of Stalling).

1. At any k such that the seller trades smoothly in a public offers RME,

JpubS (k) = D(k)ΠS(k)

2. At any (k, t) such that the seller trades smoothly in a prviate offers RME,

JprivS (k, t) = DX(t|λ∗)ΠS(k)

Under public offers, having reached a state k with smooth trade,22 the seller’s value

function satisfies the HJB

rJpubS (k) = sup
|k̇|∈[0,∞)

{(
P pub(k)− JpubS (k)

) fB(k)

FB(k)
|k̇|+ Λ(k)[ΠS(k)− JpubS (k)]

+ (JpubS )′(k)(−|k̇|)
} (5)

22 Instant trade equilibria are impossible, since they would give a payoff of zero to the seller. She could do
strictly better by keeping Kt at 1 and waiting for entry. Therefore, RME’s must have at least one smooth
trade region.
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where |k̇| denotes the seller’s choice of trading speed. The first term corresponds to “flow”

profits from the marginal types who accept the seller’s offer. The seller collects P pub(k) from

the “number” of marginal types fB(k)/FB(k), multiplied by the speed |k̇| at which she is

moving through the margin; upon acceptance, the game ends, so the seller also loses the

continuation value JpubS (k). The second term represents the flow payoffs in the event of entry

after a rejection (in which case the game ends, and the seller also “loses” JpubS (k)), and the

third term represents the payoffs from the continuation game with a new state.

The seller can choose the current trading speed |k̇| ∈ R+ freely, and this variable enters

the right hand side of (5) linearly. Therefore, for (5) to hold, either (i), the coefficients on

|k̇| equal exactly 0, and the seller is indifferent over all speeds, or (ii), the coefficients add

up to something strictly negative, and |k̇| = 0 is uniquely optimal. In either case, |k̇| drops

out from (5), which yields

JpubS (k) =
Λ(k)

Λ(k) + r
ΠS(k) = D(k)ΠS(k) (6)

A similar argument yields an expression for JprivS (k, t) whenever the seller is screening

finely at (k, t).

When offers are private, the seller acts as though she were facing exogenously time-

varying entry. Hence, her problem is non-stationary, and one requires some restrictions on

jumping behavior to pin down her continuation payoffs—the linearity of the HJB in the

trading speed no longer suffices.

Let λ∗ = (λ∗s)s≥0− denote the equilibrium entry rate with private offers. Then, at a state

(k, t) with smooth trade, the seller’s value function must satisfy the HJB

rJprivS (k, t) = sup
|k̇|∈[0,∞)

{(
P priv(k, t)− JprivS (k, t)

) fB(k)

FB(k)
|k̇| +

rejection & “exogenous” arrival of entrant︷ ︸︸ ︷
λ∗t [ΠS(k)− JprivS (k, t)]

+
∂

∂k
JprivS (k, t)(−|k̇|) +

∂

∂t
JprivS (k, t)︸ ︷︷ ︸

game continues with new cutoff/time state

}
, (7)

so if |k̇| <∞ solves (7),

rJprivS (k, t) = λ∗t [ΠS(k)− JprivS (k, t)] +
∂

∂t
JprivS (k, t). (8)

Lemma 4 in the online appendix shows that

JprivS (k, t) =

[∫ ∞
t

λ∗se
−

∫ s
t (λ∗ν+r)dνds

]
ΠS(k), (9)

is the unique solution to (8) satisfying limt↑+∞ J
priv
S (k, t) ∈ [0,∞) , which establishes Lemma
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1.

Characterization of Trading Dynamics, Payoff Ranking Lemma 1 goes a long way

toward establising the main result. Suppose, as in the Lemma’s hypotheses, that a private

offers RME and a public offers RME have smooth trade at time t and cutoff k. Then it

follows that the seller should weakly prefer the private offers RME. Indeed, at a state (k, t)

on the equilibrium path of the private offers game, it must be that λ∗t = Λ(k): cutoff paths

are determinstic and entrants have correct beliefs about them, so on path they must pefectly

infer the cutoff from the calendar time. Moreover, entry rates can only climb (since Λ(·) is

decreasing), so for s ≥ 0, s 7→ λ∗t+s must lie above Λ(k). Hence, intuitively (and formally

verified in Lemma 2 below), DX(t|λ∗) ≥ D(k), so applying Lemma 1,

JpubS (k) =

public stalling payoffs︷ ︸︸ ︷
D(k)ΠS(k) ≤

private stalling payoffs︷ ︸︸ ︷
DX(t|λ∗)ΠS(k) = JprivS (k, t) (10)

The last key steps towards proving Theorem 1 are therefore (i) establishing that the seller

screens finely forever in any private offers RME, (ii) showing that the inequality in (10) is

strict, and (iii) ascertaining when it is the case that the seller starts by screening finely in a

public offers RME. That is the purpose of this subsection.

Recall from the previous subsection that if |k̇| ∈ (0,∞), the coefficients on |k̇| in the

seller’s HJB must add to 0. Hence, at a point Kt = k with smooth trade where the as-

sumptions of Lemma 1 hold, P pub(k) = JpubS (k) + JpubS (k)′FB(k)/fB(k) and P priv(k, t) =

JprivS + ∂
∂k
JprivS (k, t)FB(k)/fB(k). Plugging in the expressions from Lemma 1 and using

∂
∂k

(FB(k)ΠS(k)) = fB(k)πS(k) then yields the smooth trade locii on which prices must lie:

P̂ pub(k) := D(k)πS(k) +D′(k)ΠS(k)
FB(k)

fB(k)

P̂ priv(k, t) := DX(t|λ∗)πS(k)

(11)

With these expressions, one can characterize trading dynamics in the two regimes. First,

the hypothesis about private offers trading dynamics in Lemma (1) is in fact without loss of

generality:

Theorem 3 (Private Offer Trade Dynamics). In all RME’s of the private offers game:

1. Trade happens smoothly (no jumps) at all states (k, t), on and off path.

2. There are no quiet periods on path.

3. Let λ∗ denote the equilibrium entry rate process, and let
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ϕpriv(k, t;λ∗) := (λ∗t + r)

[
k − P̂ priv(k, t) + ∂

∂t
P̂ priv(k, t)− λ∗t

λ∗t+r
πB(k)

∂
∂k
P̂ priv(k, t)

]
.

= (λ∗t + r)

[
k − λ∗t

λ∗t+r
(πB(k) + πS(k))

DX(t|λ∗)π′S(k)

]
. (12)

Whenever trade is taking place, it proceeds at a speed23 −K̇t = ϕpriv(Kt, t;λ
∗).

By Theorem 3, for any (k, t) on the path of the private offers game, s 7→ λ∗t+s, s ≥ 0 lies

strictly above Λ(k). The inequality in (10) is therefore strict:

Lemma 2. Fix any RME of the private offers game, with corresponding equilibrium entry

rates λ∗. At any state (k, t) on the equilibrium path,

DX (t|λ∗) > D(k) ∀k > 0.

Theorem 1 then follows, but it remains to characterize public offer dynamics.

Theorem 4 (Public Offer Trade Dynamics). In any RME of the public offers game,

1. There are no quiet periods.

2. If (P̂ pub)′(k−) < 0, there must be an atom of trade at k.

3. Let

ϕpub(k) := (Λ(k) + r)

[
k − P̂ pub(k)−D(k)πB(k)

(P̂ pub)′(k)

]
(13)

In the interior of smooth trading regions,24 trade happens at a speed −K̇t = ϕpub(Kt).

The trading speeds in (12) and (13) come a variational argument for the marginal buyer

type, who must be indifferent between accepting and rejecting the current offer. For ex-

ample, in (13), the gain for type Kt from waiting an additional dt is the drop in price

(P pub)′(Kt)(−dKt). This must be balanced against the delay cost incurred on the profits

from accepting, net of the disagreement payoff: (r+Λ(Kt))dt[Kt−P pub(Kt)−D(Kt)πB(Kt)].

To get an idea for the proof of Theorems 3 and 4, consider the seller’s incentives to cause

a downwards jump in Kt under public offers. Ignore for simplicity the possibility of quiet

periods. Then, since RME’s have only isolated many jumps, any jump will end at a state

where smooth trade commences at a strictly positive speed. In such a state, prices must

come from the (public offers) smooth trade locus in (11). Therefore, to jump to a state k′,

23 By Remark 1, both the numerator and denominator in (12) are strictly positive.
24 By Point 2, smooth trade regions cannot straddle stationary points of P̂ pub. Hence, in the interior of

smooth trade regions, (P̂ pub)′ > 0 and ϕpub ∈ (0,∞).
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the seller must offer P̂ pub(k′) to make vB = k′ indifferent between accepting and rejecting.

Hence, the seller’s payoff from jumping from k to k′ ≤ k is

U(k, k′) =

mass of instant trade︷ ︸︸ ︷(
1− FB(k′)

FB(k)

)
P̂ pub(k′) +

FB(k′)

FB(k)

start trading smoothly at k′︷ ︸︸ ︷
D(k)ΠS(k) . (14)

U ’s behavior pares down the set of possible RME’s. In particular, if there is smooth

trade at k, then for some sufficiently small ε > 0, k ∈ arg maxk̃∈[k−ε,k] U(k̃; k). Otherwise,

the seller would want to jump down to some k′ ∈ [k− ε, k)25 and trade smoothly starting at

k − ε instead. So consider the local maxima of U with respect to its second argument. By

straightforward calculus,

U2(k, k′) =

(
1− FB(k′)

FB(k)

)
(P̂ pub)′(k′), (15)

where Ui denotes the partial derivative of U with respect to the i-th argument. Therefore,

k̃ 7→ U(k̃; k) is strictly decreasing on [k− ε, k] if P̂ pub is. In such case, U(k− ε; k) > U(k, k),

and trade cannot be smooth at k.

Remark 2 (Failure of the Modified Coase Conjecture). Daley and Green (2018) define a

reinterpretation of the Coase Conjecture: because of her perfect lack of commitment, the

uninformed party making the offers derives no benefit from the ability to negotiate prices.

Depending on the environment, the equilibrium may involve delay of trade and positive

profits, but the uninformed party’s payoffs must be exactly what it would receive if it were

unable to make screening offers.

This form of the Coase Conjecture does not quite hold in the current model. If the

seller lost the ability to screen through prices in private bargaining, then the only correct

belief path that entrants could hold would have Kt = 1,∀t. The seller would then obtain
Λ(1)

Λ(1)+r
ΠS(1), which, if disagreement encourages entry, is strictly smaller than her equilibrium

payoff DX(0|λ∗)ΠS(1).

6 Ranking Prices and Delay

Next, I decompose the payoff effects of privacy into a price effect, which helps the seller, and

a delay effect, which hurts the seller. (By Theorems 1 and 2, the price effect dominates).

Comparing Price Offers I first point out a qualitative difference between public and

private equilibrium offers that highlights the underlying economics. By analogy with the ex

ante value of stalling, one can also define an ex post value of stalling. At a point Kt = k with

25 At which point smooth trade would still be prescribed, for small enough ε > 0.
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smooth trade, only the marginal type vB = k ever accepts the equilibrium price offer. Then,

conditional on an offer being accepted during smooth trading, the seller knows vB is exactly

k. Hence, she can calculate that, if instead of trading as expected of her, she had stalled

indefinitely, she would have obtained D(k)πS(k) in expected discounted profits if offers were

public, and DX(t|λ∗)πS(k) if offers were private. I refer to these two quantities as the ex

post (in vB) values of stalling at a smooth-trading state (k, t). From (11) and D′ < 0, one

then obtains the following contrast between public and private smooth trade prices:26

Lemma 3 (Pricing and Ex Post Regret). In any RME of the public offers game, smooth

trade transaction prices have an ex post regret property: P pub(k) = P̂ pub(k) < D(k)πS(k).

Meanwhile, in any RME of the private offers game, transaction prices have a no ex post

regret property: at any (k, t) with trade, P priv(k, t) = P̂ priv(k, t) = DX(t|λ∗)πS(k).

To understand why the seller is only willing to suffer this regret with public offers, consider

lowering the seller’s offer slightly at state k. This change has two effects on the seller’s

objective. On the one hand, it creates a loss from the marginal type vB = k when that

price is accepted. On the other, it creates a gain from the inframarginal types vB < k when

that price is rejected: entrants become optimistic about their prospects faster, and create

competition against the buyer faster, when the buyer rejects a more favorable offer. If the

offer is optimal, then (i) and (ii) must exactly offset each other. Rearranging the expression

for P̂ pub as follows

− fB(k)

FB(k)
dk︸ ︷︷ ︸

marginal buyers who accept

net profits from sale︷ ︸︸ ︷[
P̂ pub(k)−D(k)πS(k)

]
= −

<0︷ ︸︸ ︷
D′(k) dk︸ ︷︷ ︸

faster entry after rejection

profits from auction︷ ︸︸ ︷
ΠS(k)

one sees that P̂ pub reflects the balance between (i) and (ii). The left hand side is the loss

in (i) (since at state k, all buyers vB > k have been ruled out), while the right hand side

is the gain in (ii). The term −D′(k)dk captures the earlier auction after the rejection of

a more favorable offfer: the latter moves the cutoff by an additional dk, which reduces the

seller’s discount on “stalling” payoffs by D′(k). Meanwhile, when offers are private, the seller

cannot affect the rate of entry through her offers. Hence, lowering prices produces no gain

from inframarginal types, and the seller has no reason to risk ex post regret.

The wedge between smooth trade prices and the seller’s ex post value of stalling will be

crucial for comparing trading speeds with public and private offers:

Definition 5 (Public Offers Regret). Let

26 In a model with an exogenous, constant rate of entry, Fuchs and Skrzypacz (2010) had found that in
any atomless limit of their discrete-time equilibria, prices had a “no ex post regret” property. By Lemma 3,
their result generalizes to continuous, strictly positive, bounded entry rate paths.
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ρ(k) := D′(k)ΠS(k)FB(k)/fB(k) = P̂ pub(k)−D(k)πS(k). (16)

denote the public offers regret.

Since the seller only suffers public offers regret in order to manipulate the entrants’ beliefs, ϕ

can be seen as a succinct measure of the strength of the seller’s belief manipulation incentives.

Note that one can solve for ρ as an explicit function of primitives without having to compute

the equilibrium.

Lemma 2 and the smooth trade prices in (11) are almost enough to rank on-path transac-

tion prices across regimes. Take any (k, t) on the equilibrium path of a private offers RME,

and suppose that, in a public offers RME, trade is smooth at k. Since DX(t|λ∗) > D(k),

and D′ < 0, by (6), type k pays a higher price in the private offers game. This is still not

enough to rank equilibrium prices for all types, since there may exist types who never trade

smoothly with public offers. Nevertheless, the argument goes through by considering that,

if a type trades in a public offers jump, he pays exactly what the type at the endpoint of

that jump would have paid in smooth trading:

Theorem 5 (Privacy and Price Ranking). Fix any two RME’s, one where offers are public

and one where offers are private. Let ppub(k) and ppriv(k) be the prices that type vB = k pays

when it buys the good from S before entry. Then ppub(k) < ppriv(k), ∀k > 0.

Remark 3 (Connection to Price Transparency Literature). Theorem 5 contrasts with pre-

vious studies on the effects of transparency on the division of surplus (Fuchs et al., 2016;

Kaya and Liu, 2015). These papers have typically found that making offers private (i) can

be a Pareto improvement and will generally benefit the informed party, and (ii) makes prices

more favorable to the informed party. In Kaya and Liu (2015) and Fuchs et al. (2016),

making offers private lowers prices by removing the buyer ’ incentives to reject prices in order

to signal his value to future sellers. Here, future offers always come from the same seller, so

she trivially observes previous offers. Instead, making offers private raises prices by remov-

ing the seller ’s incentives to lower her offers quickly in order to expose the buyer to more

competition.27

Remark 4 (Ex Post Regret and Belief Manipulation). The seller’s ex post regret under

public bargaining relates to a result in Daley and Green (2018). In their model, an unin-

formed buyer makes frequent offers to an informed seller. The buyer’s value for the asset

depends on the seller’s type, so the buyer suffers from a lemons problem. As they bargain,

both parties observe a news process that slowly reveals the seller’s type. The buyer offers

27 In fact, the price ranking in Theorem 5 only uses the seller’s incentive conditions and the consistency
of entrants’ beliefs.
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prices that get accepted only by the “bad” type of seller (and lose money conditional on the

bad type) as a way to experiment and learn—when the offer is rejected, the buyer becomes

more certain that the type is high, which is useful information going forward.

The seller has no experimentation motive28 in my model. Instead, she tolerates ex post

regret so as to affect entrants’ inference about market conditions which she herself does

not know. The seller’s behavior thus bears a resemblance to the signal-jamming models

of Riordan (1985) and Fudenberg and Tirole (1986). In those models, an incumbent firm

that is uncertain about the intercept of a demand curve, say, privately sets a low price in

the hopes that a competitor will become pessimistic about that intercept. This is belief

manipulation to forestall entry on one’s own side of the market, whereas in my model, there

is belief manipulation to encourage entry on the opposite side of the market.

Comparing Trading Speeds Under a condition on the public offers regret, one also ob-

tains a uniform ranking of trading times:

Theorem 6 (Privacy and Cutoff Ranking). Let K̆ and K̂ be on-path cutoff paths under a

public offers and private offers RME, respectively. If the public offers regret ρ(·) is decreasing,

then K̆ is uniformly smaller than K̂:

K̆t < K̂t for all t > 0.

That is, if the seller’s belief-manipulation motive decreases over time, then on histories with

no entry all types but the highest trade later when offers are private.29 The proof compares

the smooth trading speeds at any point at which K̂ and K̆ cross. I show that at any crossing

point K̆t = K̂t = k∗, ϕpub(k∗) > ϕpriv(k∗, t;λ∗), so K̆ must be crossing K̂ from above. Since

K̆ and K̂ start at the same point, and K̆ declines either in jumps or at a faster smooth speed

than K̂, K̆ lies uniformly below K̂.

Regret ρ(·) is decreasing, for example, for FB = FE = G = U [0, 1], or whenever D(·) is

concave and FB is log-concave. The condition on ρ(·) is sufficient for a uniform ranking of

K̆ and K̂, but it is probably much stronger than necessary. First, K̆ has downward jumps,

whereas K̂ always decreases smoothly. Second, many forces in the model point favor the

ranking ϕpub(k∗) > ϕpriv(k∗, t;λ∗). Recall that the ratios ϕpriv and ϕpub are the trading

speeds that balance two effects on the marginal buyer’s payoffs from waiting an additional

dt to accept:

28 The model does have a kind of interdependence of values, since the seller’s net gain over disagreement
depends on vB through πS(vB).

29 Note that K̆0− = K̂0− , but K̆ may have a jump at t = 0. So either K̆0 = K̂0 = 1, and the highest type
trades at the same time in both regimes, or K̆0 < K̆0− = K̂0− = K̂0, and the highest type trades strictly
earlier with public offers.
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1. The denominators measure the improvement in price from rejecting an offer and chang-

ing the seller’s belief marginally.

2. The numerators measure the net loss from delay: discounting losses on acceptance, net

of the underlying price trend (changes in price over time for a fixed belief k∗) and of

payoffs from possible interruption during dt.

Without assumptions on ρ(·), at an intersection point of K̂ and K̆, the net loss from delay

is larger public offers. Hence, to equalize trading speeds across regimes, the gain in price

from changing the seller’s beliefs would have to be much larger under public offers. However,

D(k∗)π′S(k∗) < DX(t|λ∗)π′S(k) so ρ would have to increase extremely quickly to undo the

cutoff ranking.

Comparing Buyer Payoffs

Proposition 1 (Buyer Preferences).

1. There exists k∗ < 1 such that all buyer types vB ∈ (k∗, 1] strictly prefer any RME of

the public offers game to any RME of the private offers game.

2. If the public offers regret ρ(k) is decreasing, then on histories without entry, all buyer

types vB > 0 are strictly better off in any RME of the public offers game than in any

RME of the private offers game.

Given Theorem 5, Point 1 in Proposition 1 follows from an appropriate envelope theorem.

Point 2 is a direct consequence of Theorem 5 and Theorem 6.30

Remark 5 (Conflicts of Interest, Interim vs Ex Ante). Proposition 1 and Theorem 1 imply

that, at the interim stage, the seller and at least some types of the buyer have a conflict of

interest over whether to bargain in public or in private. Nevertheless, for the benchmark

case when entry causes an ascending auction with no reserve price, the seller and the buyer

may want to agree on public bargaining ex ante. Their ex post bilateral surplus upon

entry matches their bilateral surplus from agreement before entry: either the buyer loses

30 There is an inherent difficulty in generalizing Proposition 1 to either (i) a statement about buyers’ interim
preferences over regimes, or (ii) a statement about efficiency. First, even though the no-entry histories are
worse for the buyer under private offers, it is not clear whether (discounted) probability mass moves from
histories with entry to histories without, or the reverse, as one moves from public to private offers. Indeed,
when trade slows down (K rises), entrants become more reluctant at any point in time, and the time of
entry rises stochastically. Therefore, as one moves from public to private offers, the time of trade on histories
with no entry and the time of entry move in the same direction. Second, even for a buyer being given a
static choice between facing an auction or facing an seller-optimal posted price, whether the buyer prefers
the second scenario depends on fine details of the distribution of his and his opponent’s types. By the same
token, in my model, it is unclear whether, even for a fixed regime, a particular buyer type prefers to shift
discounted probability mass towards the no-entry scenario.
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the auction, in which case the seller gets vB in revenue, or the buyer wins, which creates a

surplus vB. Since their shared ex post surplus is the same whether or not they agree before

entry, and private offers delays that surplus in either case, private bargaining shrinks the pie

shared by the pair. The buyer could potentially, at the ex ante stage, offer the seller a fixed

fee in order to bargain in public, e.g., to waive an NDA.

7 Existence

This section summarizes the main existence results.

The expressions for speeds of trade in Theorems 3 and 4 and the prices in (11) are

not quite enough to establish existence of RME’s, since they rely only on local optimality

arguments. For instance, in the public offers case, when P̂ pub is strictly increasing, the

construction in (5), (6), (11), and (13) finds an entry rate curve, a price curve, and trading

speed such that (i) given the reservation prices at lower states and the trading speed, the

marginal type is just willing to accept, and (ii) given the reservation prices, the seller has no

incentive to screen smoothly at a different speed at the current state.

Proposition 2 describes how, and under what conditions, one can turn these local opti-

mality arguments into global optimality ones, including for some cases where P̂ pub may not

be everywhere strictly increasing. For simplicity, I show how to construct equilibria with a

single initial (possibly trivial) jump, though similar, more notationally complex arguments

would deliver constructions for RME’s with multiple jumps.

Proposition 2 (Existence: Public Offers). Assume P̂ pub is single-peaked, with unique max-

imum k̂ ∈ (0, 1], and is strictly decreasing on (k̂, 1] and strictly increasing on [0, k̂). Let(
Kpub, P pub,L

)
be strategies such that

1. for k0 < k̂, Kk0 satisfies Kk0
0− = Kk0

0 = k0, and for t > 0, Kk0
t = k0 −

∫ t
0
ϕpub(Kk0

s )ds.

2. for k0 ≥ k̂, Kk0 satisfies Kk0
0− = k0, K

k0
0 = k̂, and for t > 0, Kk0

t = k̂−
∫ t

0
ϕpub(Kk0

s )ds.

3.

P pub(k) =

P̂ pub(k̂), k ≥ k̂

P̂ pub(k), k < k̂,

4. L(k) = Λ(k).

Then (Kpub, P pub,L) are an RME of the public offers game.

The crux of the proof is establishing a mixed rate-and-impulse-control verification theo-

rem for the seller’s problem (Lemma 6), which may be of independent interest.
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For the private offers case, there remains the issue of finding a fixed point of seller

cutoff paths and entrant beliefs. This is not a trivial requirement, since the fixed point is

characterized by a non-linear functional equation: the trading speed −K̇t = ϕpriv(Kt, t;λ
∗)

from (12) depends on all of (λ∗s)s≥0 through DX(t|λ∗). I prove the existence of a fixed point

by successive approximation.31

Proposition 3 (Existence: Private Offers). There exists (Kpriv, P priv, {λ∗t}t≥0) that form an

RME of the private offers game, where (i) for all (k, t) and s ≥ 0−,

Kk,t
t+s = k −

∫ s

0

ϕpriv(Kk,t
t+z, z;λ

∗)dz, (17)

(ii) P priv = P̂ priv as given in (11), and (iii) λ∗t = Λ(K1,0
t ).

8 Extensions

8.1 Other Valuation Structures

When values are IPV, as the seller skims through buyer types, entrants become more opti-

mistic about the prices they would have to pay in a bidding war, while the value they expect

to get upon winning remains constant. If instead there were some commonality or correla-

tion between the buyer’s and entrants’ values, more skimming would still reduce the prices

entrants expect to pay if they win, but it would also reduce the value they expect to obtain.

Disagreement between the buyer and the seller could then discourage entrants. I argue in

this subsection that what determines the effects of privacy is not simply the commonality

of values or the exact correlation structure between the values, but whether disagreement

encourages or discourages entry.

Disagreement Encourages Entry, Regardless of Commonality With the right nor-

malization of a sum-of-signals model, one can span the range from fully common to fully

private values without changing the direction of the public-private comparison. Suppose

that initial buyers and entrants now observe estimates (signals) that are indicative of their

partially common value. B observes a signal εB ∼ F , entrants who pay c ∼ G observe

εE ∼ F . εB, all εE’s and c’s, and the Poisson process for arrival are mutually independent.

For player i ∈ {B,E}, the asset has value

vi = αε̄+ (1− α)εi,

31 This is the only result that leverages the additional structure on reduced-form entry payoffs (beyond
what is listed in Remark 1) that arises from the ‘bidding war’ model of endogenous interruption. In particular,
the proof uses πB(k) +πS(k) = k. Note that this property is trivially satisfied in all the examples in Section
8 below.
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where ε̄ is the average signal of bidders currently in the market. Therefore, from B’s per-

spective, ε̄ = εB before entry by E, and ε̄ = (εB + εE)/2 after entry by E. Meanwhile, when

some entrant is considering entering, he knows he will face an average signal ε̄ = (εB +εE)/2

after entry. α ∈ [0, 1] parametrizes how common values are, with higher α corresponding

to a smaller private component of value (a smaller weight on one’s private signal versus the

market’s average signal).

Modeling the post-entry bidding war as a full-information ascending auction, it is stan-

dard to check (Milgrom and Weber, 1982) that an ex post equilibrium has i drop out at bid

εi, so the player with the highest signal wins and pays the losing player’s signal.32 Hence,

type εB’s expected surplus in the bidding war equals

EεE∼F [(αε̄+ (1− α)εB − εE) 1εB≥εE ] =
(

1− α

2

)∫ 1

0

(εB − εE)+dF (εE).

Therefore, for any α, εB’s post-entry expected surplus παB(εB) is just a rescaling of πB above.

The skimming property still applies, and beliefs about εB for S and E are truncations right-

truncations of F . Let k now denote the belief cutoffs for εB. Entrants pay to enter iff

c ≤
(
1− α

2

)
E [(εE − εB) + |εB ≤ k] =: Πα

E(k), while the seller expects profits of Πα
S(k) :=

E[min{εB, εE}|ε ≤ k].

Modeling common values in this way alters the original model only by rescaling the

original IPV reduced forms πS, πB and ΠE. In particular, G(Πα
E(k)) will still be strictly

decreasing (disagreement encourages entry) for any α ∈ [0, 1], and the conclusions from

Theorems 1-6 hold identically regardless of how private or common values are.

Disagreement Discourages Entry Consider instead a different parametrization of com-

mon values. Suppose the buyer has a value vB ∼ F , which he observes perfectly, while any

entrant has a value vE = ϕvB for ϕ > 1. Entrants have a private cost c ∼ G to learn vE and

enter the bidding war. If they enter, entrants will always win the auction at a price vB, so

πB(v) = 0 and πS(v) = v. Therefore v−πB(v) is trivially strictly increasing, and higher vB’s

accept sooner. Entrants who believe vB ≤ k enter at a rate Λ(k) = G ((ϕ− 1)E[vB|vB ≤ k]),

which is now strictly increasing in k.

The analysis goes through almost identically,33 with the comparison between public and

private offers now reversed because the sign of Λ′(·) has changed. First, the seller always

prefers to bargain in public. Indeed, adapting the arguments in Section 5 with Λ′ > 0 (hence

DX(t|λ∗) < D(k) for (k, t) on the private offers equilibrium path), the seller prefers public

32 Even though bidders here have asymmetric beliefs, the equilibrium of the symmetric full-information as-
cending auction model in Milgrom and Weber (1982)[p. 196] is an ex post Perfect Bayesian Nash Equilibrium,
so it will remain an equilibrium for any beliefs of the bidders.

33 The only difference is that the one needs a stronger assumption than the bilateral efficiency condition
in Remark 1.2 to rule out quiet periods with public offers.
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RME’s that start with smooth trade to private RME’s. If public bargaining starts with

a positive measure of types [k̂, 1] trading, then by revealed preference that jump weakly

improves on stalling for the seller, so she still prefers public to private bargaining.

Second, since D′ > 0, with public offers, the seller ex post “rejoices” after an offer is

accepted during smooth trade: she does strictly better than if she had waited for entry.

Third, prices are higher with public offers. Fourth, if ρ′ > 0 then under public bargaining

trade is slower, more bilateral surplus between the seller and incumbent buyer is destroyed

by delay, and on histories without entry all buyer types end up worse off.

8.2 Firm-Union-Regulator Example

The techniques developed above can be used on a broader family of models of bargaining

in the shadow of strategic audiences. Consider, for example, a labor union and a firm

who bargain over a new wage contract in the shadow of a regulator. The firm has private

information about v ∼ F , its profitability gross of wages, while the union has no private

information and wants to negotiate the highest possible wage. They discount the future at

rate r, and the union makes all the offers. While they bargain, they are subject to the risk

that a negative shock will wipe out the firm’s value entirely, say, because their disagreement

spooks downstream corporate clients that fear interruptions in their supply chains, or because

the consumer market makes adverse inferences about the product’s quality. For example,

Krueger and Mas (2004) show that Firestone’s labor dispute caused large losses when quality

declined in striking factories. The shock arrives with a constant Poisson rate λ0.

Their bargaining happens in the shadow of regulator who cares about preserving total

value but does not know v initially. The regulator has only one policy tool: once the shock

hits, it can intervene to save the firm.34 When the crisis arrives, the regulator draws a cost

to intervention c ∼ G. After paying c, the regulator learns v and forces a fixed surplus split

((1− η)v, ηv) between the firm and the union. Therefore, if the regulator intervenes after

a crisis at t, its payoff is v − c, the firm’s payoff is e−rt(1 − η)v, and the union’s payoff is

e−rtηv. If the regulator does not intervene after a crisis, all players receive a payoff of 0. All

three parties have no commitment power.35

As in the benchmark model, higher firm types accept sooner, so one can focus on RME’s

34 In practice, regulators could intervene at multiple points in a negotiation. Nonetheless, the constraint
I impose on the regulators choices could be motivated in a couple of ways. For example, the regulator’s
cares about political capital, and only during a crisis can it generate favorable publicity for the value it
“saves”. Alternatively, the regulator could be inattentive, and it is only the crisis that highlights the need
for intervention.

35 Given the one-shot decision and lack of commitment, one can ignore discounting in the regulator’s
decision.
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with the union’s belief cutoff k as the state. With public offers, the regulator intervenes at

state Kt = k if c < E[v|v ≤ k]. Let ΠU(k) = ηE[v|v ≤ k], and let IR(k) = G(E[v|v ≤ k])

denote the probability of if the regulator believes v ≤ k.

Whenever there is smooth trading with public offers, the union’s HJB is

rJpubU (k) = sup
|k̇|∈R+

f(k)

F (k)
(P pub(k)−JpubU (k))|k̇|+λ0

[
IR(k)ΠU(k)− JpubU (k)

]
+(JpubU )′(k)(−|k̇|)

Let D̂(k) := λ0IR(k)
λ0+r

, the “expected discount to intervention” when the union makes unrea-

sonable (public) offers after reaching state k. By the analysis in Section 5, during smooth

trading, JpubU (k) = D̂(k)ΠU(k) and P pub(k) = D̂(k)ηk + D̂′(k)ΠU(k)F (k)
f(k)

. Note that D̂(·) is

now increasing (since IR(·) is).

With private offers, a regulator who witnesses a crisis at time t intervenes with probability

It, which on the equilibrium path must equal I∗t := IR(Kt). Similar steps as in Section 5

yield an equilibrium discount to intervention

D̂X(t|I∗) :=
λ0

λ0 + r

∫ ∞
t

I∗sds,

and on-path continuation payoffs JprivU (k, t) = D̂X(t|I∗)ΠU(k). On a state (k, t) on the path

of a private offers RME, I∗t starts at IR(k) and falls : as the negotiation drags on, the regulator

becomes increasingly pessimistic about the value of the firm and finds it less worthwhile to

intervene in later crises. Therefore, (analogous to Lemma 2), D̂X(t|I∗) < D̂(k).

From that inequality and D̂′(k) > 0, it follows that (i) the union always prefers to

bargain in public; (ii) when bargaining in public, the union ex post “rejoices” after an offer is

accepted: its wage is strictly higher than what it would have obtained if it had stalled against

that firm type in hopes of a crisis and regulatory action; (iii) equilibrium wages in the absence

of crises are higher with public offers; and (iv), if D̂′(k)ΠU(k)F (k)/f(k) is increasing, public

bargaining leads to slower trade, destroys social surplus (gross of intervention costs), and

makes the firm worse off in the absence of a crisis.

9 Conclusion

The analysis above suggests two main lessons about the effect of privacy on bargaining with

endogenous interruptions. First, the effect of privacy on bargaining depends on whether, on

net, learning that the informed player’s type is smaller36 encourages or discourages entrants.

If disagreement encourages entry, publicizing offers will tend to hurt the uninformed player

36 In the appropriate order induced by skimming. If lower types dislike delay relatively more, then high
types are “smaller.”
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making offers, move prices against her, and speed up trade. If it discourages entry, publicizing

offers will tend to help the uninformed player making offers, move prices in her favor, and

slow down trade. Second, the new strategic calculus facing the uninformed party under

publicity is that her offers to the marginal type, by speeding up or slowing down the eventual

interruption of negotiations, can now affect the profits she receives from inframarginal types.

Comparison to the Commitment Case Without explicitly solving for the commitment

problem where the seller can choose a sequence of offers in advance, it seems that, at least for

deterministic price sequences, the seller with commitment power always prefers public offers.

In equilibrium, entrants will have correct beliefs about the private offers price sequence and

enter as though they knew the actual sequence. The seller could always induce this private

offers outcome under public offers, or she could reoptimize further and choose a different

sequence. She therefore prefers public offers, strictly so if the public offers outcome differs

from the private one.

In light of this heuristic argument, the seller’s extreme lack of commitment introduces

two new angles to the seller’s preferences over privacy regimes. First, when disagreement

encourages entry, the lack of commitment creates induced preferences for privacy that are

impossible under commitment. A key contribution of the paper is therefore to point out that

there is a trade-off between the ability to manipulate beliefs that comes with public offers,

and the way this ability interacts with the seller’s commitment problem. Second, the lack

of commitment makes the preferences for publicity vs privacy contingent on the information

structure. Nothing in the above “mimicking” argument depended on the valuation structure

of buyer and entrants—the fully committed seller would prefer public offers regardless of

whether disagreement encourages entry. Meanwhile, without commitment, the seller’s pref-

erences over privacy are exactly opposite depending on whether disagreement encourages or

discourages entry.

Implications for Disclosure In many markets, the designer cannot control the trading

protocol at all, but it can mandate certain kinds of disclosure. In mergers and acquisitions,

for example, regulators may lack the legal tools to prevent parties from renegotiating ad

infinitum, so long as the final decision respects shareholders’ best interests. (And for privately

owned companies, the regulator may not even be able to enforce that much.) Given those

constraints, how should the regulator think about the disclosure of materially relevant buyout

offers?37 For example, the SEC requires publicly traded companies to disclose information

that is material to shareholders (information that would affect the decision to buy, sell, or

hold their position in a company). Since serious offers by buyers are material, publicly traded

37 See Dworczak (2019) for a complementary approach for markets in which the designer can control both
the trading protocol and the information that gets released to the after-market.
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companies are constrained in how privately they can negotiate.

Part of the rationale for these disclosure rules is that they act as a check against moral

hazard by the management. This paper ignores the moral hazard dimension in mergers and

acquisitions, but it points to some an unexpected trade-off of this disclosure policy. If the

universe of acquirers consists mostly of competitors or upstream firms, whose values stem

from their own synergies with the target’s assets (‘strategic’ acquirers), then one should

expect disagreement in bargaining to encourage entry. My results point out a margin on

which the shareholders of such a target are harmed by forcing management to bargain with

an acquirer in full public view. Even then, a regulator may pursue this disclosure policy

because of its countervailing benefit of lowering bargaining delays. If, on the contrary, the

universe of acquirers consists mostly of private equity funds (‘financial’ acquirers), whose

values stem from an eventual resale of the company after subjecting it to similar kinds of

financial engineering, then one should expect disagreement in bargaining to discourage entry.

My results then point out a margin on which target’s shareholders benefit from disclosure.

In this latter case, disclosure has the added social cost of increasing bargaining delays, so

a regulator who cares about maximizing shareholder value may still choose not to mandate

disclosure.

Seen in light of previous results by Hörner and Vieille (2009), Kaya and Liu (2015), and

Fuchs et al. (2016), my results suggest an additional measure of caution when considering

policies seeking to increase transparency. Depending on market micro-structure—whether

there is room for repeated offers—on the audience of traders to whom prices are becoming

transparent, and on the nature of these traders’ private information, transparency could

have dramatically different effects.
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For Online Publication

A Proofs for Section 5

First, I verify the expression in (10):

Lemma 4. JprivS (k, t) = DX(t|λ∗)ΠS(k) is the unique solution to (8) satisfying the boundary

condition limt↑+∞ J
priv
S (k, t) ∈ [0,∞).

Proof. To simplify notation, I omit the dependence on k below (with the warning that the

constants of integration in solutions to (8) will also depend on k). Using the integrating

factor I(t) = exp
{
−
∫ t

0
(r + λ∗x)dx

}
, the general solution to (8) is

JprivS (t) = I(t)−1

[
−
(∫ t

0

e−
∫ s
0 (r+λ∗x)dxλ∗sds

)
ΠS + C

]
= I(t)−1

[(∫ ∞
t

e−
∫ s
0 (r+λ∗x)dxλ∗sds−

∫ ∞
0

e−
∫ s
0 (r+λ∗x)dxλ∗sds

)
ΠS + C

]
= DX(t|λ∗)ΠS + I(t)−1

[
−DX(0|λ∗)ΠS + C

]
(18)

where C is a constant of integration. The improper integrals above are exist and are fi-

nite, since they are integrals of e−rs with respect to a (conditional) density. Hence, since

limt↑∞ I(t)−1 = +∞, but DX(t|λ∗) is bounded above by λ0/(λ0 + r), if C 6= DX(0|λ∗)ΠS,

(18) diverges to ±∞ as t ↑ +∞.

Proof of Theorem 3. To prove Point 1, suppose, by way of contradiction, that a private offers

RME features jumps. Say a given jump happens at time t̄, and goes from k̄ to k
¯
∈ (0, k).

(The endpoint k
¯

must be strictly greater than 0, since vB = 0 would only accept a price of 0

and the seller can do better than that by making unreasonable offers indefinitely.) Since the

equilibrium is regular, by Lemma 1 the seller’s payoff at the end of the jump must satisfy

JprivS (k
¯
, t̄) = DX(t̄|λ∗)ΠS(k

¯
). (19)

With this expression for the seller’s payoffs after the jump, I can show this jump would

never be optimal.38 First, during periods of (positive) smooth trade after the final jump,

prices satisfy P priv(k, t) = P̂ priv(k, t), k ≤ k
¯
, t ≥ t̄.

Second, I claim that the equilibrium reservation price at (k
¯
, t̄) must satisfy P priv(k

¯
, t̄) ≤

DX(t̄|λ∗)πS(k
¯
). Indeed, given the seller’s continuation payoff in (19), P̂ priv(k

¯
, t̄) is the highest

38 The logic of the argument borrows from Lemma 6 in Fuchs and Skrzypacz (2010).
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price at which |k̇| <∞ can solve the right hand side of the seller’s HJB in (7) (since JprivS is

C1 in any RME, the HJB is necessary for seller optimality under smooth trade).

Let A(k, k′) = 1 − FB(k′)
FB(k)

for k ≥ k′. Therefore, using (19) and the bound on P priv, the

seller’s payoff from executing the final jump are at most

A(k̄, k
¯
)DX(t̄|λ∗)πS(k

¯
) + (1− A(k̄, k

¯
))DX(t̄|λ∗)ΠS(k

¯
)

<

A(k̄, k
¯
)DX(t̄|λ∗)E

[
πS(v)|k

¯
< v < k̄

]
+ (1− A(k̄, k

¯
))DX(t̄|λ∗)ΠS(k

¯
)

= DX(t̄|λ∗)ΠS(k̄),

(20)

The strict inequality follows from πS being strictly increasing, and the equality follows from

A(k̄, k
¯
) = P(vB ≥ k

¯
|vB ≤ k̄), ΠS(k

¯
) = E[πS(vB)|vB ≤ k

¯
< k̄], and ΠS(k̄) = E[πS(vB)|vB ≤

k̄]. The seller can always achieve the far right hand side of (20) by making unreasonable

offers forever, so the final jump cannot have been optimal. Inducting backwards from the last

jump, I conclude that there cannot be any jumps. In particular, JprivS (k, t) = DX(t|λ∗)ΠS(k)

for all (k, t).

The proof of Point 2 is again by contradiction: if a quiet period on path were optimal

for the buyer, his reservation price would be so high that the seller would want to speed up

trade. Suppose that, when type vB = k is marginal at time t along the equilibrium path,

continuation play prescribes a quiet period until t∗ > t. Let V (k, t|λ∗) be the continuation

payoff to k from rejecting offers until t∗, given entry rates λ∗. If there is a quiet period at

(k, t), rejecting must be weakly optimal for type k, so P priv(k, t) ≥ k − V (k, t|λ∗).
Let λ∗ be the equilibrium entry rates in such an RME. Then, since the quiet period is

on path, and entrants have correct beliefs, λ∗z = Λ(k) for z ∈ [t, t∗]. In addition, as shown

above, continuation play has no jumps; trading at (k, t∗) will therefore be smooth, at a price

P̂ priv(k, t∗) = DX(t∗|λ∗)πS(k). Altogether,

V (k, t|λ∗) = EKk,t
[
1σ<t∗e

−r(σ−t)πB(k) + 1σ≥t∗e
−r(t∗−t) (k −DX(t∗|λ∗)πS(k)

)]
=

Λ(k)

r + Λ(k)

[
1− e−(r+Λ(k))(t∗−t))] πB(k) + e−(r+Λ(k))(t∗−t) (k −DX(t∗|λ∗)πS(k)

)
(21)

(Recall that σ|σ > t has pdf z 7→ λ∗ze
−

∫ z
t λ
∗
νdν). Plugging in D(k)πB(k) < k − D(k)πS(k)

(from Remark 1) and

DX(t|λ∗) =
Λ(k)

r + Λ(k)

[
1− e−(r+Λ(k)(t∗−t))]+ e−(r+Λ(k))(t∗−t)DX(t∗|λ∗),

into (21) yields

V (k, t|λ∗) < k −DX(t|λ∗)πS(k)
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Therefore, P priv(k, t) ≥ k−V (k, t|λ∗) yields P priv(k, t) > P̂ priv(k, t). As in the proof of Point

1, given JprivS (k, t) = DX(t|λ∗)ΠS(k), P̂ priv(k, t) is the highest price at which |k̇| <∞ is still

optimal for the seller. Freezing the cutoff until t∗ is therefore strictly suboptimal.

To find the speed of screening in Point 3, fix some private offers cutoff path K, and let

I be the interior of a smooth trade region Ī = [t
¯
, t̄). To economize on notation below, let

Pt := P̂ priv(Kt, t). Since P̂ priv is C1, t 7→ Pt is differentiable everywhere on I. In addition,

recall that PK(σ > t + τ |σ ≥ t) = exp{−
∫ t+τ
t

λ∗sds}, where σ is the time of entry. The

payoffs to a type vB from waiting to accept at t + τ , given that it he has waited until t,

starting at time t are

Y (t, τ, vB; {Ps}s≥0, {λ∗s}s≥0) := e−
∫ t+τ
t (λ∗s+r)ds(vB−Pt+τ ) +

∫ t+τ

t

λ∗se
−

∫ s
t (λ∗ν+r)dνdsπB(vB).

(22)

By simple calculus (ommitting for now the last two arguments of Y , which cause clutter but

will become handy again below)

Y2(t, τ, vB) = −(λt+τ + r)e−
∫ t+τ
t (λ∗s+r)ds(vB − Pt+τ ) + e−

∫ t+τ
t (λ∗s+r)ds

(
− d

dt
Pt+τ

)
+
(
λ∗t+τe

−
∫ t+τ
t (λ∗ν+r)dν

)
πB(vB). (23)

Now fix a type k that trades at time t = K−1(k) ∈ I.39 Take ς > 0 small enough that

t′ = t− ς ∈ I. Then for k to stop optimally when he is marginal, Y2(t′, ς, k) = 0. Simplifying

(23) then yields the necessary condition

− (r + λ∗t )(k − Pt)−
d

dt
Pt + λ∗tπB(k) = 0. (24)

Using d
dt
Pt = ∂

∂t
P̂ priv(Kt, t)K̇t + ∂

∂t
P̂ priv(Kt, t) and solving for K̇t yields

−K̇t = (λ∗t + r)

[
Kt − P̂ priv(Kt, t) + (λ∗t + r)−1 ∂

∂t
P̂ priv(Kt, t)− λ∗t

λ∗t+r
πB(Kt)

∂
∂k
P̂ priv(Kt, t)

]
. (25)

To simplify further, apply Leibniz’s rule40 to find that ∂
∂t
DX(t|λ∗) = −λ∗t + (λ∗t +

r)DX(t|λ∗), so

P̂ priv(k, t)− (λ∗t + r)−1 ∂

∂t
P̂ priv(k, t) =

λ∗t
λ∗t + r

πS(k). (26)

Plugging in P̂ priv from (11) and (26) into (25) then yields −K̇t = ϕpriv(Kt, t;λ
∗), as required.

39 The expression for ϕpriv applies only on instants with positive smooth trade, at which points K−1 is
single-valued.

40 Private offers RME’s have no jumps, so t 7→ λ∗t is continuous, and D(t|λ∗) is differentiable.
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Proof of Theorem 4. The proof of Point 1 parallels the argument in the private offers case.

Take a cutoff path Kk by the seller with an initial quiet period of length t∗, i.e., Kk
t −Kk

0− = 0

for t ∈ [0, t∗) and Kk
t > Kk

t∗ for t > t∗. For ∆ ∈ (0, t∗), type k’s payoffs from waiting at

(k, 0−) satisfy

V (k) =
Λ(k)

r + Λ(k)

[
1− e−(r+Λ(k))∆

]
πB(k) + e−(r+Λ(k))∆V (k)⇒ V (k) = D(k)πB(k) (27)

Rejection is weakly optimal for type k during the quiet period, so P pub(k) ≥ k−D(k)πB(k).

Using JpubS (k) = D(k)ΠS(k) and ∂
∂k

(ΠS(k)FB(k)) = π(k)fB(k), the coefficients on |k̇| in the

seller’s HJB (5) therefore sum to at least (k−D(k)(πB(k) + πS(k))) fB(k)
FB(k)

−D′(k)ΠS(k) > 0

during a time interval of positive measure. The first term is strictly positive by Remark 1,

and the second is strictly positive since Λ′(k) < 0. Hence, the seller’s HJB, which is necessary

given JpubS ∈ C1, would be violated on a time interval of positive measure, a contradiction.

Given Point 1, the discussion in the main text gives a complete proof of Point 2, with

the exception of (15), which I now derive. Differentiating jump payoffs in (14) with respect

to k′,

U2(k, k′) = A2(k, k′)
[
P̂ pub(k′)− JpubS (k′)

]
+(1− A(k, k′)) (JpubS )′(k′)+A(k, k′)(P̂ pub)′(k′).

The above display yields (14) after using Lemma 1, (11) and

A2(k, k′) = − fB(k′)

FB(k′)

FB(k′)

FB(k′)
= − fB(k′)

FB(k′)
(1− A(k, k′)) .

Next, I prove Point 3. Using Pt := P̂ pub(Kt) and Λ(Ks) instead of λ∗s in (23) and (24),

and solving for K̇t, one obtains K̇t = −ϕpub(Kt) for t ∈ I.

Finally, I verify Lemma 2:

Proof of Lemma 2 . I claim that, for any two entry rate processes λ1 = (λ1
t )t≥0 and λ2 =

(λ2
t )t≥0 where λ1 is weakly greater everywhere after s, and strictly greater on an open interval,

D(s|λ1) > D(s|λ2). If σ1 is a Poisson stopping time with rate λ1 and σ2 is a Poisson stopping

time with rate λ2, then for any t > s,

P(σ1 < t|σ1 > s) = 1− e−
∫ t
s λ

1
νdν ≤ 1− e−

∫ t
s λ

2
νdν = P(σ2 < t|σ2 > s), (28)

where the inequality is strict for all sufficiently large t. Therefore σ1|σ1 > s first-order-

stochastically dominates σ2|σ2 > s when λ1 and λ2 are ranked as above. Since e−rt is strictly

decreasing in t, and for i = 1, 2, DX(s|λi) = E[e−rσi |σi > s], it follows that DX(s|λ1) >

DX(s|λ2), as required (the strict inequality follows from the fact that (i) σ1 and σ2 have full

support on [s,∞), and (ii) the inequality in (28) becomes strict after some point).
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Now let (k, t) be a state on the equilibrium path of the private offers game with equilib-

rium entry rates λ∗, and let λ̃ be any entry rate process that satisfies λ̃s = Λ(k) for all s ≥ t.

By Theorem 3, the on-path cutoff path of the private offers game is continuous and strictly

decreasing, so

λ∗t = Λ(k) = λ̃t

and λ∗t′ > λ̃t′ for t′ > t. Therefore, by the claim in the previous paragraph, DX(t|λ∗) >
DX(t|λ̃). Since D(k) is the expected discount to entry for a process with constant rate Λ(k),

D(k) = DX(t|λ̃).

B Proofs for Section 6

Proof of Theorem 5. Let λ∗ = (λ∗t )t≥0− be the equilibrium entry rates in the private offers

equilibrium. Suppose that, in the absence of entry, type k > 0 trades at time t on path in

the private offers equilibrium. By Theorem 3, k then faces prices from P̂ priv. If k trades in

a smooth trade region of the public offers equilibrium, then using Lemma 2

ppriv(k) = DX(t|λ∗)πS(k) > D(k)πS(k) > P̂ pub(k) = ppub(k)

If k trades in an atom in the public offers equilibrium, by Theorem 4 there exists some

k̂ < k (the left endpoint of the jump that k is part of) such that k̂ trades smoothly at a

price ppub(k̂) = P̂ pub(k). Hence, k also pays exactly ppub(k̂) on histories with no entry. By

Theorem 3, private offers RME’s have smooth trade at a strictly positive speed for all states

(k, t) on the path. Therefore, along the equilibrium path, t∗(k), the time at which vB = k

trades in the private offers RME, is strictly and smoothly decreasing in k. So if I can show

that equilibrium private-offer prices have a negative total derivative with respect to time,41

the theorem follows, since k̂ trading strictly later than k would imply ppriv(k) > ppriv(k̂),

and therefore

ppub(k) = ppub(k̂) < ppriv(k̂) < ppriv(k).

To that end, rearrange (24) as follows:

(λ∗t + r)

[
Kt − P̂ priv(Kt, t)−

λ∗t
λ∗t + r

πB(Kt)

]
= − d

dt
P̂ priv(Kt, t) (29)

Plugging in the expression for P̂ priv from (11), the left hand side of (29) is proportional to

Kt −DX(t|λ∗)πS(Kt)− πB(Kt)λ
∗
t (λ
∗
t + r)−1. Since DX(t|λ∗) > D(Kt) =

λ∗t
λ∗t+r

by Lemma 2,

the left hand side of (29) is therefore bounded below by something proportional to

41 As the seller trades with more types, t increases while k decreases. The total derivative considers both
effects.
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Kt −DX(t|λ∗)(πS(Kt) + πB(Kt)) > 0,

where the inequality follows from Remark 1 and DX(t|λ∗) > D(Kt).

Proof of Theorem 6. I show that, whenever K̆t = K̂t and both are dropping smoothly, K̆ is

dropping faster. Since K̆0− = K̂0− = 1, and K̆ has downward jumps but K̂ always decreases

smoothly, the result will follow.

Let t∗ be a time at which K̆ and K̂ meet, and let k∗ denote their common value at that

time. By Theorems 3 and 4, it suffices to show that

ϕpriv(k∗, t∗;λ∗) < ϕpub(k∗) (30)

Certainly (30) suffices if (k∗, t∗) is in the interior of a smooth trading region of K̆. If

(k∗, t∗) is at the start of a smooth trade region of K̆, strictly speaking Theorem 4.3 does

not apply. However, if (P̂ pub)′(k∗) > 0, the right-derivative of K̆ is still given by (13), and if

(P̂ pub)′(k∗) = 0, K̆ is dropping at an infinite speed at t∗, in which case there is nothing to

prove.42

Let λ∗ be the equilibrium entry rates in the private offers equilibrium. Since (k∗, t∗)

is on path, λ∗t∗ = λ0G(ΠE(Kpriv
t∗ )) = Λ(k∗). Moreover, since the public offers RME has

smooth trading at k∗, Λ(k∗) is also the public offers entry rate at K̆t∗ = k∗. In particular,

D(k∗) =
λ∗t
λ∗t+r

, which I will use repeatedly in the rest of the proof. Therefore, one can rewrite

ϕpub(k∗) as

ϕpub(k∗) = (λ∗t∗ + r)

k∗ − P̂ pub(k∗)− λ∗
t∗

λ∗
t∗+r

πB(k∗)

(P̂ pub)′(k∗)

 (31)

Let NUM i, i ∈ {pub, priv} be the numerator of the term in square brackets in (31)

and (12), respectively, while DEN i denotes the denominator of those same terms. I claim

0 < NUMpriv < NUMpub and DENpriv > DENpub > 0, which will prove (30). Indeed,

plugging in P̂ pub from (11) into NUMpub gives

NUMpub = k∗ − λ∗t∗

λ∗t∗ + r
(πB(k∗) + πS(k∗))−D′(k∗)ΠS(k∗)

FB(k∗)

fB(k∗)
> NUMpriv,

since D′(·) < 0.

To compare denominators, using (11) again:

DENpub = (P̂ pub)′(k∗) = D(k∗)π′S(k∗) +D′(k∗)πS(k∗) + ρ′(k∗)

DENpriv =
∂

∂k
P̂ priv(k∗, t∗) = DX(t∗|λ∗)π′S(k∗).

By Lemma 2, D(k∗) < DX(t∗|λ∗). Therefore, since πS(·) is strictly increasing and D(·)
42In such a case, the law of motion of K̆ is given in a Carathéodory sense, as in Lemma 5.3.
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strictly decreasing, DX(t∗|λ∗)π′S(k∗) > D(k∗)π′S(k∗) +D′(k∗)πS(k∗). Together with ρ′(k∗) <

0, the right hand side in the last display is smaller than (P̂ pub)′(k∗), and DENpriv > DENpub.

By Theorem 4, P̂ pub is increasing in the interior of smooth trading regions, so DENpub > 0,

as required.

Proof of Proposition 1 . Let V pub(vB) denote vB’s indirect utility from a public offers RME

with equilibrium cutoff path K̂, reservation prices P pub, and entry rate curve L, and let

V priv(vB) denote vB’s indirect utility from a private offers RME with equilibrium cutoff path

K̃, reservation prices P priv, and entry rates {λ∗t}t≥0. Define the functions

hpub(τ, vB) = EK̂k=1

[
1σ>τe

−rτ (vB − P pub(K̂τ )) + 1σ≤τe
−rσπB(vB)

]
(32)

hpriv(τ, vB) = Ek=1,t=0

[
1η>τe

−rτ (vB − P priv(K̃τ , τ)) + 1η≤τe
−rηπB(vB)

]
, (33)

where EK̂k=1 is the expectation with respect to σ, a Poisson first arrival with rates given by

L(·) = Λ(·), and Ek=1,t=0 is the expectation with respect to η, a Poisson first arrival with

rates {λ∗s}s≥0.

By a standard envelope theorem argument, π′B(vB) = F (vB), so

hpub2 (τ, vB) = EK̂k=1

[
1σ>τe

−rτ + 1σ≤τe
−rσF (vB)

]
∈ (0, 1) (34)

and likewise hpriv2 (τ, vB) ∈ (0, 1) for all (τ, vB). Theorem 2 in Milgrom and Segal (2002)

therefore implies that V pub and V priv are (absolutely) continuous, since both are upper

envelopes of hpub and hpriv in their first argument, and both hpub and hpriv have a uniformly

bounded derivative in the second argument.

Type vB = 1 trades in the first instant under both public and private offers, and by

Theorem 5, V pub(1) = 1−ppub(1) > 1−ppriv(1) = V priv(1). Hence, by continuity there exists

a k∗ ∈ [0, 1) such that V pub(vB) > V priv(vB), vB ≥ k∗.

C Proofs for Section 7: Existence

I start with the following technical lemma, which guarantees that the smooth trade paths

arising from the ODEs in Points 1 and 2 of Proposition 2 and equation (17) in Proposition

3 and are well defined.

Lemma 5. Let λ denote a continuous entry rate path t 7→ λt taking values in [Λ(1),Λ(0)].

Define ϕ̂pub and ϕ̂priv as

ϕ̂pub(k) :=

ϕpub(k), k ≥ 0

0, k < 0
, ϕ̂priv(k, t;λ) :=

ϕpriv(k, t;λ), k ≥ 0

0, k < 0
. (35)
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Let IV P pub(k) and IV P priv(k, t0) denote, respectively, the initial value problems

K̇t = −ϕ̂pub(Kt), K0 = k (36)

K̇t = −ϕ̂priv(Kt, t;λ), Kt0 = k (37)

Let k∗ := sup{k ∈ (0, 1] : (P̂ pub)′(k′) > 0, ∀k′ ≤ k∗}. Then

1. For any k < k∗, IV P pub(k) has a unique solution on t ∈ R+.

2. For any (k, t0), IV P priv(k, t0) has a unique solution on t ∈ R+.

3. There exists a unique K : R+ → [0, k∗] that is differentiable on the interior of its

domain and satisfies43

Kt = k∗ −
∫ t

0

ϕ̂pub(Ks)ds. (38)

Proof. I prove the existence of globally unique solutions of IV P Pub(k) on [0,∞). Identical

arguments apply for IV P priv(k, t0) on [t0,∞) and are omitted. First fix an arbitrary t ∈ R+.

Via straightforward but tedious calculus, Assumption 1 implies that ϕpub and ϕpriv are C1

in k, on (0, k∗) and (0, 1], respectively. They are constant (therefore Lipschitz continuous)

in k for k < 0. Since

(P̂ pub)′(0) =
[
D′(0+)ΠS(0) +D(0)Π′S(0+)

](
1 +

(
FB(0)

fB(0)

)′)
+

[
D′′(0+)ΠS(0) + 2D′(0+)Π′S(0+) +D(0)Π′′S(0+)

] FB(0)

fB(0)

= 2D(0)Π′S(0+) > 0

and π′s(0) > 0 but P̂ pub(0) = πs(0) = πb(0) = 0, the denominators of ϕ̂pub and ϕ̂priv remain

strictly positive as k ↓ 0. Hence, by the quotient rule, ϕ̂pub is C1 in k on [0, k∗), and ϕ̂priv

is C1 in k on [0, 1]. Therefore they are locally Lipschitz continuous in the cutoff variable on

all of R.

Second, since DX(·|λ) is strictly positive, bounded, and continuous, and t 7→ λt is

bounded and continuous, ϕpriv is continuous and bounded in t on R+.

By the Picard-Lindelöf Theorem, for k ∈ (0, k∗), IV P pub(k) has a unique local solution

on some time interval [0, t1). By Theorem 2.13 in Teschl (2012), IV P pub(k) then has a unique

solution on a maximal interval of existence [0, t̄).

I claim t̄ = +∞, i.e., K̂ is a unique solution of IV P pub(k) that exists on all of R+. Let

E = [0, t̄] × [0, k], which is compact. Since ϕ̂pub ≥ 0 everywhere and ϕ̂pub = 0 on (−∞, 0],

43 K is therefore a Carathéodory solution of IV P pub(k∗), i.e, an absolutely continuous path that satisfies
K0 = k∗ and K̇t = −ϕ̂pub(Kt) almost everywhere. Note that if k∗ < 1, (P̂ pub)′(k∗) = 0, which requires
treating [0, k∗) and {k∗} separately.
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(i) K̂ is decreasing, (ii) Lpub := limt↑t̄ K̂t exists, (iii) K̂t ∈ [0, k] for t ∈ [0, t̄), and Lpub ≥ 0.

Therefore, by Corollary 2.15 in Teschl (2012), there exists an extension of K̂ to [0, t̄+ ε) for

some ε > 0, which contradicts the maximality of the interval of existence [0, t̄).

To prove Point 3, for existence, fix k̂ < k∗, and define

t̃(k) :=

∫ k∗

k

[
(P̂ pub)′(z)

z − P̂ pub(z)−D(z)πB(z)

]
dz

The integrand is continuous on (0, k∗], bounded on compact subsets of that domain, and

strictly positive on (0, k∗). Hence t̃(·) is strictly decreasing, C1, and unbounded above as

k ↓ 0. Therefore, its inverse t̃−1(t) is unique, well defined, C1 and strictly decreasing for

all t ∈ (0,∞), with limt↑+∞ t̃
−1(t) = 0. Moreover, t̃−1(0) = k∗, and for t > 0, (t̃−1)′(t) =

−ϕpub(t̃−1(t)).

I claim that K̃ := t̃−1 solves (38) and (is perforce absolutely continuous and differentiable

on the interior of its domain). First, ϕpub and t̃−1 are continuous and bounded on compact

subsets of (0,∞). Hence, for t
¯
> 0,

K̃t = K̃t
¯
−
∫ t

t
¯

ϕpub(t̃−1(s))ds (39)

by the Fundamental Theorem of Calculus. Therefore K̃t is absolutely continuous and C1

on (0,∞). Second, since K̃t is monotone and continuous on R+, it has a Lebesgue decom-

position into an absolutely continuous function and a singular continuous function. But

almost everywhere in R+ it has derivative ˙̃Kt = −ϕpub(K̃s) < 0, so the singular continuous

part must be constant. Third, since K̃ is absolutely continuous and has an a.e., derivative

−ϕpub(t̃−1(t)) = −ϕpub(K̃t), (39) extends to t
¯

= 0, as required.

For uniqueness, fix any k̂ < k∗. Take any K̂ 6= K̃ satisfying (38). Then s 7→ K̂t̃(k̂)+s

and s 7→ K̃t̃(k̂)+s must both solve IV P pub(k̂). However, by Point 1, IV P pub(k̂) has a unique

forward solution on R+, so K̃ = K̂ on [t̃(k̂),∞). Since k̂ was arbitrary and t̃ is continuous

with t̃((0, k∗]) = R+, uniqueness of K̃ on R+ follows.

C.1 Existence: Public Offers

Next, I provide a verification theorem for the seller’s control problem over regular paths.

Lemma 6. Let JpubS (k) be seller’s value function under public offers at state k, as defined

by (2). Let Hu be the operator defined by

Hug(x) = −u fB(x)

FB(x)
g(x)− ug′(x)− (r + Λ(x))g(x)

and let M be the operator defined by
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Mg(x) = max
0≤y≤x

{
(1− F (y;x))P pub(y) + F (y;x)g(y)

}
for any C1 function g : [0, 1]→ R+, Let ψ ∈ C1[0, 1] be bounded by a polynomial. If

1. (OPT-J) For all x ∈ [0, 1], ψ(x) ≥Mψ(x).

2. (OPT-S) For almost every x ∈ [0, 1], Huψ(k) + f(k)
F (k)

P pub(k)u+ Λ(k)ΠS(k) ≤ 0 ∀u ≥ 0,

then ψ(k) ≥ JpubS (k) for all k ∈ [0, 1].

Proof. Fix an initial state k. Let Q be an arbitrary admissible cutoff path for the seller with

initial state Q0− = k. Let T > 0 denote an arbitrary finite time, with T1, T2, . . . , Tm denoting

the jump times of Q up to T . Set T0 = T0− = 0. Note that t 7→ Qt is absolutely continuous

on [Tj, Tj+1). Let Q̇t denote its (almost everywhere) rate of change in these intervals. To

compress notation below, let δQ(t, s) = e−
∫ t
s (r+Λ(Qs))ds.

To express ψ in terms of Hu, differentiate as follows:

d

dt

[
FB(Qt;QTj)δ

Q(t, Tj)ψ(Qt)
]

=
fB(Qt)

FB(QTj)
δQ(t, Tj)ψ(Qt)Q̇t

− (r + Λ(Qt))FB(Qt;QTj)δ
Q(t, Tj)ψ(Qt)

+ FB(Qt;QTj)δ
Q(t, Tj)ψ

′(Qt)Q̇t

Using FB(Qt;Qs) = FB(Qt)/FB(Qs) and integrating,

FB(QT−j+1
;QTj)δ

Q(T−j+1, Tj)ψ(QTj+1−) − ψ(QTj) =

∫ T−j+1

Tj

δQ(t, Tj)
FB(Qt)

FB(QTj)
H−Q̇tψ(Qt)dt

Now multiply by FB(QTj ; k)δQ(Tj, 0) on both sides and sum over j to obtain (using T0 =

T−0 = 0),

m∑
j=1

δQ(Tj, 0)
[
F (QT−j

; k)ψ(QT−j
)− F (QTj ; k)ψ(QTj)

]
+ F (QT ; k)δQ(T, 0)ψ(QT )− ψ(k) =

∫ T

0

F (Qt; k)δQ(t, 0)H−Q̇tψ(Qt)dt

Finally, apply (OPT-S) on the right hand side and (OPT-J) to each term in square brackets

on the left hand side to obtain, after minor simplification,

ψ(k) ≥
m∑
j=1

δQ(Tj, 0)
[
(F (QTj ; k)− F (QT+

j
; k))P pub

(
QT+

j

)]
+

∫ T

0

δQ(t, 0)
f(Qt)

F (Q0)
P pub(Qt)(−Q̇t)dt+

∫ T

0

F (Qt; k)δQ(t, 0)Λ(Qt)ΠS(Qt)dt

+ F (QT ; k)δQ(T, 0)ψ(QT ).

(40)
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Consider the right hand side of (40) as T →∞, term by term. The fourth term vanishes.

Notice that Λ(Qt)δ
Q(t, 0)ert is the pdf for the time of entry σ under policy Q, i.e., the first

tick of an inhomogenous Poisson clock with rate Λ(Qt). The third term therefore converges

to E [e−rσF (Qσ; k)ΠS(Qσ)]. To tackle the second term, let PQ(σ ≤ t) denote the cdf of the

time of entry under Q, and note that PQ(σ > t) = δQ(t, 0)ert. Then, using integration by

parts,44 one finds that∫ T

0

{∫ t

0

e−rsP pub(Qs)
f(Qs)

F (k)
(−Q̇s)ds

}
Λ(Qt)e

−
∫ t
0 Λ(Qs)dsdt =[∫ T

0

e−rsP pub(Qs)
f(Qs)

F (k)
(−Q̇s)ds

]
P(σ ≤ T ) −

∫ T

0

PQ(σ ≤ t)e−rtP pub(Qt)
f(Qt)

F (k)
(−Q̇t)dt

=∫ T

0

δQ(t, 0)
f(Qt)

F (Q0)
P pub(Qt)(−Q̇t)dt+

[∫ T

0

e−rsP pub(Qs)
f(Qs)

F (k)
(−Q̇s)ds

]
[PQ(σ ≤ T )− 1].︸ ︷︷ ︸

→0 as T→∞

Hence, the first and second terms on the right of (40) sum to45∫ T

0

{∫ t

0

e−rsP pub(Qs)d(1− F (Qs; k))

}
Λ(Qt)δ

Q(0, t)dt =

EQk

[∫ σ

0

e−rsP pub(Qs)d(1− F (Qs; k))1σ≤T

]
plus a vanishing term. Altogether, taking T →∞ on both sides of (40) yields

ψ(k) ≥ E
[∫ σ

0

e−rsP pub(Qs)d(1− F (Qs; k)) + e−rσF (Qσ; k)ΠS(Qσ).

]
Since Q was an arbitrary feasible policy, ψ(k) ≥ JpubS (k), as required.

Proposition 2 requires one more technical lemma, which shows that the seller prefers the

initial jump to stalling.

Lemma 7. Let L(k̂, k) := (1−FB(k̂; k))P̂ pub(k̂)+FB(k̂; k)D(k̂)ΠS(k̂), defined on k̂ ≤ k ≤ 1,

and R(k) := D(k)ΠS(k). If P̂ pub is decreasing on [k̂, 1], then L(k′, k) ≥ R(k′) for k′ ∈ [k̂, 1].

Proof. Suppose there is some point k∗ ≥ k̂ at which L(k∗, k) = R(k∗). Rearranging that

condition, P̂ pub(k̂)−R(k∗) = FB(k̂; k∗)
[
P̂ pub(k̂)−R(k̂)

]
. Then

44Note that
∫ t

0
e−rsP pub(Qs)

f(Qs)
F (k) (−Q̇s)ds and PQ(σ ≤ t) are both continuous, even though t 7→ Qt is

discontinuous.
45The term in curly brackets is now a Lebesgue-Stieltjes integral with respect to F (Qt; k) that accounts

for the jumps in Qt.
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R′(k∗) =
fB(k∗)

FB(k∗)

[
P̂ pub(k∗)−R(k∗)

]
≤ fB(k∗)

FB(k∗)

[
P̂ pub(k̂)−R(k∗)

]
=
fB(k∗)

FB(k∗)
FB(k̂; k∗)

[
P̂ pub(k̂)−R(k̂)

]
= Lk(k̂, k

∗)

The first equality uses, e.g., the derivation of (11) and Lemma 1, and the inequality uses the

fact that P̂ pub is decreasing on [k̂, 1]. Hence, on [k̂, 1], k 7→ L(k̂, k) always intersects R from

below. Since L(k̂, k̂) = R(k̂), the lemma is proven.

Proof of Proposition 2. I prove optimality for the different players one by one.

Seller Optimality Define

ψ∗(k) =

(1− FB(k̂; k))P̂ pub(k̂) + FB(k̂; k))D(k̂)ΠS(k̂), k ≥ k̂

D(k̂)ΠS(k̂), k < k̂.

Given entry strategies L = Λ by the entrant and an acceptance strategy P pub(k) by the

buyer, ψ∗(k) is the value to the seller from following Kpub. ψ∗ is bounded, so to verify that

it matches the value function for the seller and Kpub is optimal, it suffices to check that ψ∗

is C1 and satisfies (OPT-S) and (OPT-J).

ψ∗ is continuous by construction, and it is C1 on [0, k̂) and (k̂, 1]. To check that ψ∗ is C1

at k̂, on the one hand, calculate that, for k > k̂,

(ψ∗)′(k) =
FB(k̂)

FB(k)2
fB(k)

[
P pub(k̂)−D(k̂)ΠS(k̂)

]
. (41)

By the continuity of fB, the above implies that

(ψ∗)′(k̂+) =
fB(k̂)

FB(k̂)

[
P pub(k̂)−D(k̂)ΠS(k̂))

]
.

On the other hand, from (5), (ψ∗)′(k̂−) = fB(k̂)

FB(k̂)
[P̂ pub(k̂) − ψ∗(k̂)], so (ψ∗)′(k̂−) = (ψ∗)′(k̂+),

and ψ∗ is indeed C1.

Next, by the construction in (5), J∗S satisfies (OPT-S) with equality on [0, k̂). To verify

(OPT-J) on [0, k̂], calculate Mψ∗(k) as follows. Define

U∗(y;x) = (1− FB(y;x))P pub(y) + FB(y;x)ψ∗(y), 0, y ≤ x ≤ k̂.

For k′ < k̂, using ψ∗(k′) = D(k′)ΠS(k′), P̂ pub(k′) = P pub(k′), and the expression for P̂ pub in

(11), it follows that ∂
∂k′
U∗(k′; k) = (1− FB(k′; k)) (P̂ pub)′(k′). Therefore, since P̂ pub is strictly

increasing on [0, k̂], for all k < k̂,

max
k′:0≤k′≤k

U∗(k′; k) =Mψ∗(k) = ψ∗(k), (42)
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and (OPT-J) holds with equality.

This leaves the region (k̂, 1]. To check (OPT-S) on (k̂, 1], plug (41) into Huψ∗(k) and use

P pub(k) = P̂ pub(k̂), k > k̂ to obtain, after some cancellations,

Huψ∗(k) + u
fB(k)

FB(k)
P pub(k) + Λ(k)ΠS(k) = −(r + Λ(k))ψ∗(k) + Λ(k)ΠS(k)

which is negative by Lemma 7.

Finally, I check (OPT-J) on (k̂, 1]. The same argument leading to (42) implies here that,

for k > k̂,

max
k′:0≤k′≤k̂

U∗(k′; k) = (1− FB(k̂; k))P̂ pub(k̂) + FB(k̂; k)D(k̂)ΠS(k̂) = ψ∗(k), (43)

Moreover, using the definition of ψ∗ on (k̂, 1], for k′, k such that k̂ < k′ < k,

U∗(k′; k) = (1− FB(k′; k))P pub(k′) + FB(k′; k)ψ∗(k′)

= (1− FB(k′; k))P pub(k′) + FB(k′; k)
[
(1− FB(k̂; k′))P̂ pub(k̂)FB(k̂; k′)D(k̂)ΠS(k̂)

]
= (1− FB(k̂; k))P̂ pub(k̂) + FB(k̂; k)ψ∗(k̂) = U∗(k̂; k)

(44)

where the last line relies on FB(k′; k)FB(k̂; k′) = FB(k′)FB(k̂)/FB(k)FB(k′) and the fact

that P pub(k′) = P̂ pub(k̂) for k′ > k̂. Putting together (43) and (44), for k ≥ k̂, one has

Mψ∗(k) = maxk′∈[0,k] U
∗(k′; k) = ψ∗(k). I conclude that ψ∗ satisfies (OPT-S) and (OPT-J)

throughout, so K∗ is optimal for the seller.

Entrant Optimality This follows immediately from L(k) = Λ(k).

Buyer Optimality The proof uses a direct mechanism representation of continuation play

and the single-crossing properties of the buyer’s payoffs. At a point k with associated con-

tinuation cutoff Kk, define, for any k′ ≤ k, let (Kk)−1(k′) = inf{t : Kk
t ≤ k′}. To reduce

clutter below, I write K1 simply as K. I show that the buyer has no profitable deviations

on-path from the perspective of t = 0, but the argument below works equally well at any

initial state k < 1 (possibly off path) by replacing K = K1 with Kk below.

Define

Ŷ (τ, v) := Y
(

0, τ, v; {P̂ pub(Kt)}t≥0, {Λ(Kt)}t≥0

)
,

Φ(v, v′) := Ŷ
(
0, K−1(v′), v

)
,

where Y is given by (22). From (23), since Λ > 0 the function Ŷ satisfies the smooth single-

crossing differences property in (−τ, v) for τ > 0, and single-crossing differences everywhere.

Moreover, for τ > 0, it is partially differentiable in both arguments. A close look at the
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proof of Theorem 4.2 in Milgrom (2004) shows that this suffices for the Theorem to apply.46

Note (i) K−1(v) = 0 for v ∈ [k̂, 1] (and therefore is non-increasing and absolutely continuous

there), and (ii) K is continuously differentiable and strictly decreasing on (0,∞), so K−1(·)
is differentiable on [0, k̂) with a strictly negative derivative (and also absolutely continuous

on that range). Since K−1 is monotone on [0, k̂] with a strictly negative almost everywhere

derivative there, then the singular continuous part in its Lebesgue decomposition must be

constant. K−1 is therefore absolutely continuous on [0, 1].

By Theorem 4.2 in Milgrom (2004), if I can show

Φ(v, v) = Φ(0, 0) +

∫ s

0

Φv (s, s) ds, (45)

then incentive compatibility for K−1(·) follows, and buyer’s have no deviations on path.

Using (13) and (24) (with Pt = P̂ pub(Kt) and Λ(Ks) instead of λ∗s),

K̇t = −ϕpub(Kt), t ∈ I ⇔ Φv′(v, v) = 0, v ∈ [0, k̂),

so d
dv

Φ(v, v) = Φv(v, v) on [0, k̂) on [0, k̂). Φ(v, v′) = v−P̂ pub(k̂) for v′ ∈ [k̂, 1], so Φv′(v, v) = 0

and d
dv

Φ(v, v) = Φv(v, v) = Ŷv(0, v) = 1 on that range. Since v 7→ Φ(v, v) is absolutely

continuous (since K−1 is, and Ŷ is in each argument), one can therefore integrate up to

obtain (45) on [0, 1] (with Φ(0, 0) = 0)).

C.2 Existence: Private Offers

The proof of Proposition 3 is the only result that explicitly uses πS(k) + πB(k) = k.

Proof of Proposition 3. Let R denote the set of increasing functions from R+ into

[Λ(1),Λ(0)] = [λ0G(ΠE(1)), λ0G(ΠE(0))],

and K be the set of decreasing functions from R+ into [0, 1]. Let ZE : K → R be the entrants’

best response to a conjectured cutoff path:

ZE(K)(t) = Λ(Kt). (46)

Also, let ZS : R⇒ K denote the correspondence

ZS(λ) =

{
K ∈ K : K solves K0 = 1, K̇t = − rKt

DX(t|λ)π′S(Kt)
, t ∈ R+

}
. (47)

ZS maps entry rate paths conjectured by B and S into smooth-trade cutoff paths that,

46 Differentiability properties of g in his notation are only used to derive the chain rule for d
dsg(x̄(s), s) and

in the definition of the smooth single-crossing differences property (which can be stated without assuming
continuous differentiability). Moreover, it suffices in his proof that the conditions hold almost everywhere
at the points of differentiability of the absolutely continuous part of the allocation x̄.
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at every point, given prices from P̂ priv, make the marginal buyer type indifferent between

accepting and rejecting and the seller indifferent across all smooth trading speeds.47 By

Lemma 5, ZS(λ) is non-empty and single valued for any continuous λ in R. Let Z : R×K →
R×K denote (ZS, ZE).

Z is not a true best-response correspondence. Through ZS, Z provides a local opti-

mality condition for the marginal buyer and the seller, and through ZE it provides a best

response condition for the entrants (from ZE). However, it is mute on (i) non-marginal buyer

incentives, and (ii) the seller’s global incentives.

Nonetheless, if there exist (λ∗, K∗) such that (λ∗, K∗) = Z(λ∗, K∗), then one can con-

struct a private offers RME that respects (i) and (ii) by setting prices P priv = P̂ priv, on-

path cutoffs K∗, and off-path cutoffs according to (17). Formally, an identical verification

argument to that of Lemma 6 and Proposition 2 (with heavier notation to carry around de-

pendence on t and an additional partial derivative with respect to t in the definition of Hu)

establishes that those paths are globally optimal (in a rate-and-impulse-control sense) for a

seller facing these entry rates and reservation prices P priv. Moreover, by the single-crossing

property of Y in (22), the argument for buyer optimality from Proposition 2 carries over to

the private offers case, using prices P priv = P̂ priv, entry rates {λ∗s}s≥0, on-path cutoff path

K∗, and off-path cutoff paths given by (17). Fixed points of Z therefore suffice to construct

RME’s of the private offers game.

I construct a fixed point of Z by successive approximations. Define a sequence of entry

rates λi,= 0, 1, 2, . . . and cutoff paths Ki, i = 1, 2, . . . as follows:

1. λ0
t = λ0Λ(1) ∀t;

2. Ki = ZS(λi−1);

3. λi+1 = ZE(Ki);

and so on.

For any λ̄, λ
¯

in R, say λ̄ >E λ
¯

if λ̄ is strictly higher everywhere but t = 0, and λ̄0 = λ
¯0 =

λ0. Similarly, for any K̄,K
¯

in K, say K̄ >S K
¯

if K1 is strictly higher everywhere but t = 0,

and K̄0 = K
¯ 0 = 1.

I claim that, for all i ≥ 2,

λi−1 >E λ
i >E λi−2, i odd

λi−2 >E λ
i >E λi−1, i even

(48)

while for all i ≥ 3,

47Note that, since G(ΠE(1)) > 0, DX(t|λ) is uniformly bounded away from zero, for any t and any λ
above the constant function Λ(1).
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Ki−1 >SK
i >S Ki−2, i even

Ki−2 >SK
i >S Ki−1, i odd.

(49)

Therefore, each term in the sequences {Ki} and {λi} is sandwiched (pointwise) between the

two previous terms, “bisecting” the space between them.

The proof is by induction, using the monotonicity properties of ZE and ZS. First, since

Λ(k) is strictly decreasing in k, ZE is a strictly decreasing function with respect to >S on

its domain and >E on its range. Second, ZS is a strictly increasing with respect to >E on

the domain and >S on the range. Indeed, by the argument at the beginning of Lemma 2,

if λ1 >E λ2, DX(t|λ1) > DX(t|λ2) for all t. Therefore, any cutoff path K̄ = ZS(λ̄) must

be pointwise strictly higher (and equal at t = 0), than any cutoff path K
¯

= ZS(λ
¯
): both

paths start at the same point with the same slope, and if they were ever to cross, since

0 > dK̄t/dt > dK
¯ t/dt at the intersection, K̄ would be cutting across K

¯
from below.

With that in mind, consider the base case for induction. Since K1 = ZS(λ0) is strictly

decreasing and starts at K1
0 = 1, and λ0

t = Λ(k = 1)∀t, λ1 = ZE(K1) >E λ0. Since ZS is

strictly increasing, K2 = ZS(λ1) must satisfy K2 >S K1. And again, since ZE is strictly

decreasing

λ1 = ZE(K1) >E ZE(K2) = λ2.

But K2 is strictly decreasing and starts at K2
0 = 1, so ZE(K2) >E λ0. Altogether, λ1 >E

λ2 >E λ0, the base case for λi’s for even i. Meanwhile for Ki’s, one more iteration produces

K3 = ZS(λ2), which, using λ1 >E λ2 > λ0 and K1 = ZS(λ0), K2 = ZS(λ1), implies that

K2 >S K
3 >S K

1, the base case for K with odd i. The odd base case for λi’s and even

base case for Ki’s follow from identical reasoning. Since the induction step would exactly

replicate the steps above starting at a generic λi−1 ∈ R, I omit it.

The inequalities (48) and (49) imply that {Ki}i∈N and {λi}i∈N are both Cauchy in the

supremum norm, respectively in K and R. To see this, assume for instance that i is odd.

Then re-write Ki−2 >S K
i from (49) as Ki−2 − Ki−1 >S K

i − Ki−1. Also, from (49), the

last inequality is exactly

|Ki−2
t −Ki−1

t | > |Ki−1
t −Ki

t | ∀t > 0 (50)

(with equality at t = 0). {Ki}i∈N is therefore pointwise Cauchy. To prove it is uniformly so,

note that, for all i ≥ 2, limt→∞K
i
t = 0 (since K̇i

t < 0 so long as Ki
t > 0). Since, in addition,

Ki
0 = 1 for each i, the supremum always occurs at an interior t ∈ (0,∞). Therefore, since

(50) implies that the distance between successive terms shrinks in i at every interior point,

supt∈R+
|Ki+1

t −Ki−1
t | must be strictly decreasing in i. A similar argument shows that {λi}i∈N

is uniformly Cauchy: using limt→∞K
i
t = 0, one concludes that limt→∞ λ

i
t = Λ(0), and the
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same steps used for {Ki} apply.

{Ki}i∈N and {λi}i∈N will then converge to a well-defined limit in K and R because these

are complete spaces. Take K first. The set B(R+, 1) of bounded functions non-negative

functions bounded above by 1 is complete under the sup norm. The subset of B(R+) that

is (weakly) decreasing is closed with that same norm, so it is also complete. Therefore,

{Ki}i∈N and {λi}i∈N must converge to some (λ∗, K∗) ∈ R×K. For future reference, I note

in particular limt→∞K
∗
t = 0 and limt→∞ λ

∗
t = Λ(0).

It remains to verify that (λ∗, K∗) = Z((λ∗, K∗)). This step follows from the “sandwich-

ing” inequalities (48) and (49). By construction, λ∗ satisfies the following inequalities.

λi−1 >E λ
∗ >E λi−2, i odd

λi−2 >E λ
∗ >E λi−1, i even

In particular, using λi = ZE(Ki),

ZE(Ki−2) >E λ
∗ >E ZE(Ki−3), i odd

ZE(Ki−3) >E λ
∗ >E ZE(Ki−2), i even.

So using the fact that for each i, λ∗ and ZE(Ki) are (i) strictly increasing, (ii) start at Λ(1),

and (iii) converge to Λ(0) as t → ∞, the maximum distance between ZE(Ki) and λ∗ must

occur at an interior point. Hence the last display implies that ‖ · ‖, ‖ZE(Ki) − λ∗‖ → 0,

where ‖ · ‖ denote the supremum norm. Then by the triangle inequality,

‖λ∗ − ZE(K∗)‖ ≤ ‖λ∗ − λm‖+ ‖λm − ZE(K∗)‖ → 0,

which proves λ∗ = ZE(K∗).

To show K∗ = ZS(λ∗), note once more that

Ki−1 >SK
∗ >S Ki−2, i even

Ki−2 >SK
∗ >S Ki−1, i odd.

by construction, so that

ZS(λi−2) >SK
∗ >S ZSλ

i−3), i even

ZS(λi−3) >SK
∗ >S ZS(λi−2), i odd.

.

Once more leverage the facts that for all i, Ki and ZS(λ∗) both (i) are strictly decreasing,

(ii), start at 1, and (iii) converge to 0 as t → ∞, to conclude that the maximum distance

between them occurs at an interior point. Therefore, ‖ZS(λ∗) − Km‖ → 0, and by the

triangle inequality

‖K∗ − ZS(λ∗)‖ ≤ ‖K∗ −Km‖+ ‖Km − ZS(λ∗)‖ → 0,
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which concludes the proof.

D Proof of Theorem 2

With Lemma 2 in hand, I can provide the proof for Theorem 2. First, I define RME’s of

the hybrid starting-public game.

Definition 6. A Regular Markov Equilibrium of the starting-public game consists of a

triple48 (
{Kk0,k,t}k0∈[0,1],k≤k0,t≥0− , {λ∗t [·]}t≥0, P

s.p.(·, ·)[·]
)
,

together with a value function JprivS (·, ·)[·] for the seller during the private phase, such that

1. Buyer Optimality For all vB ∈ [0, 1], k0 ∈ [0, 1], P s.p.(vB, t)[k0] is an optimal

reservation price strategy for vB: accepting at τ ∗ ∈ {s : P s.p.(Kk0,k,t
t+s , t + s)[k0] ≤

P s.p.(vB, t+ s)[k0]} solves vB’s optimal stopping problem

sup
τ≥0

Et
[
1σ>t+τe

−rτ (vB − P s.p.(Kk0,k,t
t+τ , t+ τ)[k0]) +1σ≤t+τe

−r(σ−t)πB(vB)
]

where σ is the first tick of a Poisson clock with rates {λ∗t′ [k0]}t′≥0 and Et is the expec-

tation with respect to the law of σ|σ > t.

2. Seller Optimality

a. Start of Game At t = 0−, Kk0=1,k=1,s=0− is a seller-optimal path of cutoffs taking

as given (λ∗t [·])t≥0 and P s.p.(·, ·)[·], i.e., it solves

sup
Q∈A1

E

[
(1− FB(Q0))P s.p.(Q0, 0)[Q0] +

∫ σ

0

e−rsP s.p.(Qt, t)[Q0]dFB(Qt)

+ e−rσFB(Qσ)ΠS(Qσ)

]
where σ is the first tick of a Poisson clock with rates {λ∗t [Q0]}t≥0, and E is the

expectation with respect to the law of σ.

b. Private Phase For any k0 ∈ [0, 1], k ∈ [0, k0], and t ≥ 0, Kk0,k,t is a seller-optimal

path of cutoffs during the private phase that achieves JprivS (k, t)[k0], i.e., Kk0,k,t

48 To avoid duplicate notation, I use the symbol Kk,t,k0 evaluated at different superscripts to denote both
the cutoff path at the start of the game (corresponding to t = 0−) and all cutoff paths from the private
phase. Note that the “t = 0” path is distinct from the t = 0− path: the former refers to the path at the
very start of the private offers phase, at which point the seller no longer directly controls entry rates, while
the latter refers to the path at the start of the game, at which point the seller can control the initial entry
rate. Naturally, for t = 0−, k = k0 = 1, while for t = 0, k = k0 (but k0 < 1 is allowed).
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solves the right hand side of

JprivS (k, t)[k0] = sup
Q∈Ak

Et
[ ∫ σ

0

e−rsP s.p.(Qs, t+ s)[k0]dFB(Qs; k)

+ e−r(σ−t)FB(Qσ−t; k)ΠS(Qσ−t)

]
where σ is the first tick of a Poisson clock with rates {λ∗t′ [k0]}t′≥0 and Et is the

expectation with respect to the law of σ|σ > t.

5. Entrant Optimality, Correct On-Path Private Phase Beliefs

For every s ≥ 0, k0, λ∗s[k0] satisfies

λ∗s[k0] = Λ(Kk0,k=k0,t=0−

s ) = λ0G(ΠE(Kk0,k=k0,t=0−

s )), (51)

i.e., the entrants have correct conjectures about the cutoffs that are supposed to follow

every initial offer.

With the formal definition in hand, I can establish the result.

Proof of Theorem 2. Let k̂ be the initial jump of some public offers RME. Since that jump

ends on the smooth trade locus, the seller’s value at k = 1 under public offers is

U(1, k̂) =
(

1− FB(k̂)
)
P̂ pub(k̂) + FB(k̂)D(k̂)ΠS(k̂).

I derive a lower bound on the seller’s payoff in any RME of the starting-public game and

prove that this bound exceeds U(1, k̂). A necessary condition for the initial public offer of

that starting-public game is

K0 ∈ arg max
k0∈[0,1]

{
(1− FB(k0))P s.p.(k0, t = 0)[k0] + FB(k0)DX(t = 0|λ∗[k0])ΠS(k0)

}
.

Indeed, taking as given P s.p.(·, ·)[·] and λ∗[·], the seller could always choose an impulse

control for Kt with a different size of initial jump, and after the initial jump the seller faces

a continuation game that looks like a private offers game with initial state K0− = k0. In

particular, this means that the seller’s payoff in the starting-public game is at least

(1− FB(k̂))P s.p.(k̂, t = 0)[k̂] + FB(k̂)DX(t = 0|λ∗[k̂])ΠS(k̂)

Consistency of entrant beliefs requires that, for k0 = k̂, λ∗0[k̂] = Λ(k̂). Then by Lemma 2,

DX(t = 0|λ∗[k̂]) > D(k̂). Adapting the arguments in Theorem 5 to a private offers game

with initial state K0− = k̂,

P s.p.(k̂, t = 0)[k̂] = DX(t = 0|λ∗[k̂])πS(k̂) > P̂ pub(k̂).

Altogether, comparing term by term,
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(
1− FB(k̂)

)
P s.p.(k̂, t = 0)[k̂] + FB(k̂)DX(t = 0|λ∗[k̂])ΠS(k̂) > U(1, k̂),

which proves the result.
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