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ON DELAY IN BARGAINING WITH ONE-SIDED
UNCERTAINTY

By FARUK GUL AND HUGO SONNENSCHEIN!

Recently, attention has been given to a model of two-person bargaining in which the
parties alternate making offers and there is uncertainty about the valuation of one party.
The purpose of the analysis has been to identify delay to agreement with a screening
process, where agents with relatively lower valuations distinguish themselves by waiting
longer to settle. We point out a fundamental difficulty with this program by demonstrating
that the assumptions used in the literature allow for delay only in so far as the time
between offers is significant.

KeYworps: Non-cooperative bargaining, delay to agreement, one-sided uncertainty
about valuations, alternating offers, sequential equilibrium._
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1. INTRODUCTI

THE FOLLOWING FORMULATION of an alternating offer bargaining process is now
standard. There are two agents: a buyer and a seller. They have common rates of
time preference and their valuations of the object to be exchanged are common
knowledge. The seller makes the first offer, and this can be accepted or declined
by the buyer. If the buyer declines the offer, then he can counteroffer and the
counteroffer can be accepted or declined by the seller. If the seller declines the
counteroffer, then he can make a second offer, etc. The time between offers is a
parameter of the model.

Rubinstein (1982) demonstrated that there is a unigue subgame perfect equi-
librium of the above bargaining game. In other words, given the institution of
alternating offer bargaining, a unique division of the gains from trade is de-
termined by the time preference of the agents, the time between offers and the
specification of who moves first. Furthermore Rubinstein showed that as the time
between offers approaches zero, the advantage from moving first disappears and
equilibrium converges to the equal division of the gains from trade. These results
have received a great deal of attention and deservedly so. Economists have
sometimes regarded the pure bilateral monopoly problem as indeterminate and
the result that a unique division of surplus is predicted by such a simple and
compelling framework came as something of a surprise and invited further
analysis.

Given uniqueness, it is clear that the Rubinstein equilibrium results in the
buyer accepting the first offer made by the seller. For suppose that equilibrium
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prescribed the exchange to take place after the nth offer (n>1). At time n—1
the agent who is to offer could make a proposal, which if accepted, would make
both agents better off than the unique equilibrium that follows if the offer is
declined. The fact that trade always occurs without delay has been troublesome
since one of the primary reasons for analyzing the bargaining problem has been
to develop insights concerning the possibility of bargaining impasses. When one
has as a goal a theory that uniquely determines a division of surplus, in order to
create the possibility of delay to agreement it was thought compelling to
introduce incomplete information. (For concreteness, suppose that the seller’s
valuation and the distribution of the buyer’s type is common knowledge, but that
the realization of the buyer’s type is known only to the buyer.) With incomplete
information during the bargaining process agents might be expected to signal
their valuation with their offers, and this takes time. One hopes for a theory in
which agents communicate their private information by revealing their willing-
ness to delay agreement and that in a significant number of realizations agree-
ment will occur only after some delay.

In this paper we point out a fundamental difficulty with the above program.
Consider the formulation in which there is incomplete information regarding the
buyer’s type. We prove that if one confines attention to (pure strategy) sequential
equilibria in which offers and acceptances of the buyer depend in a simple way
on the seller’s last offer and his beliefs when he makes that offer, then with the
addition of some mild monotonicity and a condition that rules out “free
screening,” the expected time to agreement goes to zero as the time between
offers goes to zero. When the time between offers is small, the fact that one
expects there to be many offers before agreement is reached does not guarantee
that bargaining will take a long time. Our restrictions allow for many offers to be
made in equilibrium; however, in all of the equilibria the market will close
quickly when the time between offers is sufficiently small, and this implies that all
serious offers will be at approximately the same terms.?

Before beginning our analyses a few words regarding solution concepts are in
order. For the bargaining game with complete information, if subgame perfection
is not required, then it is easy to see that almost any division can be supported as
a Nash equilibrium. For example, consider the division that gives the seller three
quarters of the gains from trade that are left at the time ¢*. Such an equilibrium
is supported by the strategies that have both the seller and the buyer demand all

2The result is related to the Coase conjecture (see Stokey (1982)); the same conclusion for markets
with one-sided offers is obtained by Gul, Sonnenschein, and Wilson (1985).

With significant time between offers there can be significant delay to agreement (see Grossman and
Perry (1986)). The time between offers might be explained by the cost of making offers or the
possibility of committing to silence for some period of time. The latter approach is studied by Admati
and Perry (1986).

When the time between offers is small, significant delay is exhibited if there is two-sided
uncertainty and overlapping supports. Vincent (1986) examines models with one-sided uncertainty
but correlated valuations. These models have a unique sequential equilibrium and exhibit delay even
as the time between offers goes to zero.
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of the surplus at each point in the game other than z*, and at ¢* demand at least
their share of the indicated division. The punch of Rubinstein’s theorem is that it
shows that, for the case of complete information, the restriction to subgame
perfect Nash equilibrium (Selten (1975)) leaves a unique solution.

The leading solution concept for games with incomplete information is sequen-
tial equilibrium; however, for the bargaining game with incomplete information,
the restriction to sequential equilibrium (Kreps and Wilson (1982)) does very
little to refine the possible divisions that can result from bargaining. To see why,
suppose that whenever the buyer makes an off-the-equilibrium path offer, the
seller concludes that he is dealing with the highest valuation buyer. This makes it
unattractive for the buyer to deviate from equilibrium path behavior; as a
consequence, with these beliefs almost any pair of strategies which are sequen-
tially rational along the equilibrium path can be supported as a sequential
equilibrium. In the bargaining problem with incomplete information the lack of
sufficient restrictions on beliefs leads to a continuum of equilibria.

Attempts to extend Rubinstein’s analysis of complete information bargaining
to the case of incomplete information have focused on finding adequate refine-
ments of sequential equilibrium and centered on equilibrium in pure strategies.’
With this background we once again state the result: For all (pure strategy)
equilibria that satisfy our stationarity, monotonicity, and no free screening
conditions, the likelihood that bargaining will take place for more than any
preprescribed length of time approaches zero as the time between offers ap-
proaches zero. In short, under the above hypotheses, delay to agreement can only
be explained by the time between offers. One can conclude further that under our
hypotheses, almost all types of buyers must be trading at approximately the same
price. This follows from the fact that if the time between two serious offers is
small, then the difference between these offers must be small.

We are not per se interested in refining the notion of sequential equilibrium,
either in general or for bargaining games. Our results are relevant for a variety of
sequential equilibria. In particular, our hypotheses admit the equilibrium consid-
ered by Grossman and Perry (1986) when it exists. Also, although our hypotheses
are not formulated so as to apply to the Rubinstein’s version of bargaining with
uncertainty (Rubinstein (1985)), since his equilibrium converges to immediate
acceptance as the time between offers goes to zero, his results square nicely with
ours. Our conditions impose restrictions on the strategies of the buyer but do not
identify a unique sequential equilibrium. Grossman and Perry (1986) construct
equilibria that satisfy our conditions and in these equilibria the lowest price
offered tends toward the Rubinstein price when a buyer with valuation / faces a
seller with valuation zero. In Section 4 (for the case /< h/2) we present an
alternate sequential equilibrium in which the lowest price offered tends toward
the lowest of the buyer’s valuations.

Before embarking upon the formal analysis, let us consider the intuition
underlying the theorem. In an equilibrium in which the time between offers is

3See Grossman and Perry (1986) and Rubinstein (1985).
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very small, one would expect that agents are screened very finely. By this we
mean that buyers with significantly different valuations pay different prices and
buy at different times. However, when the time between offers is small, the
amount of screening that can be achieved in a small amount of time may become
large, since in a given amount of time the seller can make many different offers.
In this case one expects that the incremental value of screening is small.
Equilibrium for the seller requires that he cannot increase his expected utility by
dropping some offers early on (this means that he screens somewhat less) in order
to reach the lower valuation buyers a bit earlier. Our stationarity assumption
buys for us the fact that provided screening has taken place to the same level of
buyer valuation, the remaining buyers will not behave differently if they are
approached with the same offer, but sooner. This suggests a tendency for
bargaining to take place quickly when the time between offers is small. In such a
regime there can be almost perfect screening in a short period of time, although
all serious offers will have approximately the same value. :

2. THE MODEL

There is a single buyer and a single seller. They alternate making offers and the
time between offers is A. The buyer is defined by his valuation b, which is a
positive number and is private information of the buyer. The distribution of
buyer valuations is common knowledge and is given by a continuous probability
distribution function F with support B = [/, h]. An outcome of the game is a pair
(P, n), with the interpretation that the seller sells the object to the buyer in
period n at price P. Agents are equally impatient, in fact we assume a common
discount rate, r, and this leads to the von Neumann-Morgenstern utility
functions over outcomes of U,(P, n)= Pe~4"" (for the seller) and U,(P, n) =
e 4""(b — P) (for the buyer with valuation b).

The seller moves in even periods (by convention, the initial period is zero), and
the buyer moves in odd periods. An agent can accept the offer that has just been
made (this action is denoted by the symbol Y) or choose a nonnegative
counteroffer P € R . Thus, the strategy of the seller is formally a sequence of
functions o™ H" ' > {Y}UR,, n=0,2,..., where H""! denotes the history
of the game at time » if no agreement has been reached. Similarly, the strategy of
the buyer with valuation b is a sequence of functions 6/: H" ' > (Y} UR,,
n=1,3,.... A strategy profile is denoted by o = (g,, 65), where oy specifies for
each b€ B a buyer’s strategy {o;}, n=1,3,.... We will assume that buyers’
strategies are measurable in types.

Let W denote the set of probability distributions on B and Z denote the set of
conditional distributions of F on intervals [a, c], where / < a < ¢ < 4; elements of
Z are denoted by (a, c). Beliefs of the seller are specified for each history of the
game and are formally defined by a g:U%_ _, H" — W. This definition does not
impose any rationality (this will come later); however, we require that the seller’s
beliefs not change after his own move. In the obvious notation g(4", P) = g(h")
for all A", P, and n odd.



