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Abstract

Asymmetric Information in the Hold-Up Problem
Stephanie Lau
2003

This dissertation studies the role of asymmetric information in the hold-up
problem and consists of three chapters.

Chapter 1 incorporates an information structure with partial information into
the canonical hold-up problem. It characterizes explicitly the impact of asymmet-
ric information on the hold-up problem: the tension between ex ante efficiency (the
“information rent” effect) and ex post efficiency (the “bargaining disagreement”
effect). The optimal information structure is further identified: with one-shot bar-
gaining, it occurs at an intermediate level of information asymmetry; when there is
repeated bargaining, it is attained with perfect asymmetry.

Chapter 2 generalizes the static model in the preceding chapter by allowing
for any noisy information structures. It establishes the following properties regard-
ing the optimal information structures: (i) they consist solely of informative signals;
(ii) they do not induce “bargaining disagreement” in equilibrium; (iii) for some sim-
ple cases, they are either triangular or diagonal, and the monotone likelihood ratio
property emerges endogenously.

Chapter 3 complements the previous chapters by characterizing the optimal

trading mechanism of the celebrated bilateral-trading problem with ex ante invest-



ment. It shows how this mechanism is generally distorted in order to induce in-
vestment; however, the expected payoffs at the bottom always remain zero. Fur-
thermore, when the investment constraint is binding, some types necessarily expect
more trade while others expect less, relative to the absence of this constraint. De-
spite the distortion, the investment constraint may actually render the overall trading
area bigger.

The results of this dissertation provide a basis for institutional design in set-
tings where the hold-up problem arises in the presence of private information, and

shed light on the robustness of existing incomplete-contract models.
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Introduction

In their influential paper, Klein et al. (1978) explain vertical integration in terms of
reducing transactions costs for “post-contractual opportunistic behavior”. Since this sem-
inal contribution, there has been an extensive literature attempting to account for existing
economic institutions based on a fundamental phenomenon: the hold-up problem. When
one party transacts with another, it often involves some relationship-specific investment.
Since contracts are incomplete, these parties have to rely on bargaining to divide the sur-
plus of investment. Typically, however, the agent who makes the ex ante investment is not
its residual claimant because he does not have all the bargaining power at the ex post bar-
gaining stage. Knowing that his sunk cost of investment will not be fully compensated, he
will under-invest.

Despite the widespread study of this classic problem and the presence of incomplete
information in virtually every economic situation, “[a]symmetric information has played
a very limited role in the analysis of the hold-up problem” (Hart, 1995). In the bulk
of the existing incomplete-contract literature, all the variables of interest are assumed to
be observable among the agents at the bargaining stage. Therefore, ex post efficiency is
automatically guaranteed and any inefficiency comes from ex ante under-investment. Such
a simplifying assumption is particularly problematic considering the emphasis of human-
capital investment in the literature. Even if investment is purely physical, the degree to

which it is non-adjustable is most likely to be private knowledge.
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This dissertation studies the role of asymmetric information in the hold-up problem.
Chapter 1 incorporates an information structure with partial information into the canonical
hold-up model in which the investor has no bargaining power at all. It shows that asym-
metric information introduces two counterbalancing forces: the “information rent” effect
and “bargaining disagreement”ef fect. On the one hand, asymmetric information raises
the inefficiency due to disagreement from ex post bargaining. On the other, the informa-
tion rents created increase investment incentives, lowering the inefficiency due to ex ante
under-investment. These two effects do not always cancel out and the optimal information
structure occurs strictly in the interior.

The analysis in chapter 1 is carried out under a standard class of information struc-
tures, whose format is regarded as “hard information” in the sense of Tirole (1986). Chap-
ter 2 enriches the model by allowing for any noisy information structures. In doing so,
it shows how the joint surplus can be further improved by properly controlling informa-
tion flow. Moreover, it establishes richer properties regarding the optimal information
structures: they consist solely of informative signals and do not induce “bargaining dis-
agreement” in equilibrium; for some simple cases, furthermore, the monotone likelihood
ratio property emerges endogenously.

So far, the trading mechanism has been fixed to one which assigns zero bargaining
power to the investor while the information flow between the party varies. Chapter 3
complements the previous chapters by fixing instead the information structure and deriving
the optimal bargaining mechanism in a more general environment. More specifically, it

characterizes the optimal trading mechanism of the celebrated bilateral-trading problem,
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when one party has the chance to make an investment to improve his distribution. It
shows how the second-best mechanism derived in Myerson and Satterthwaite (1983) is
distorted in general in order to induce investment. Contrary to the existing participation
constraint which tends to block trade, the investment constraint works to liberate trade. As
a consequence, some types necessarily expect more trade while others expect less, relative
to original bilateral-trading problem without the possibility of investment. Overall, the
investment constraint may actually render the trading area bigger.

The central message of this dissertation is that asymmetric information, the parameter
that has been constantly ignored in literature, turns out to play an essential role in the hold-
up problem. Its results have implications for institutional design, such as the optimal design
of disclosure laws. They also shed light on the robustness of existing incomplete-contract
models initiated by Grossman and Hart (1986) and Hart and Moore (1988) regarding the

optimal allocation of bargaining power or ownership rights.



Chapter 1
Information and Bargaining in the Hold-Up
Problem

1.1 Imntroduction

The classic hold-up problem has been studied widely, yet almost exclusively, under the as-
sumption of complete information. Recently, asymmetric information does start to appear
in the literature, most notably Gibbons (1992) and Gul (2001).! They study the static
hold-up problem in which the investor has no bargaining power in the one-shot bargaining
game that follows. As expected, the complete lack of bargaining power translates into a
complete lack of investment incentives. They then ask what happens when the investment
decision is not observable. In fact, the joint surplus is exactly the same with or without
observability. Like other papers incorporating asymmetric information into the hold-up
problem, however, they both assume either fiu// information or no information.

In contrast, this chapter studies the hold-up problem under partial information, which
is a more realistic description of real-life examples. By varying the degree of information
asymmetry, we characterize explicitly the various effects of incomplete information on the

hold-up problem and the sensitivity of its equilibrium outcome. It is tempting to gener-

1 Other examples include Rogerson (1992) and Matouschek (2001). Rogerson (1992) analyzes the hold-up
problem under a variety of informational environments and illustrates the possibility of achieving the first-best
welfare level in each case using a standard mechanism correspondingly. However, his analysis ignores the
interim individual rationality constraints, contrary to the standard “trade at will” assumption in the literature.
Matouschek (2001) focuses exclusively on property rights and does not involve any specific investment.
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alize from the results of Gibbons (1992) and Gul (2001) that any degree of information
asymmetry necessarily leads to the same welfare level. This conjecture is, surprisingly,
false! We show that the parties’ joint surplus varies non-monotonically with information
asymmetry. The key observation is that asymmetric information introduces two counter-
balancing forces. On the one hand, it raises the inefficiency due to disagreement from ex
post bargaining. On the other, the information rents created increase investment incen-
tives, lowering the inefficiency due to ex ante under-investment. Within a wide range of
information structures, the joint surplus is strictly greater than that under either full infor-
mation or no information. Put differently, the optimal information structure occurs at an
intermediate degree of information asymmetry. Therefore it can be misleading to just look
at the two polar cases.

Indeed, we may expect the parties to engage in repeated bargaining in some situa-
tions. Yet by making use of a well-established result in infinite-horizon repeated bargain-
ing, it can be shown that repeated bargaining does not add anything to the joint surplus at
all, as long as there is full observability. More strikingly, Gul (2001) goes further to show
that unobservability, together with repeated bargaining, does solve the hold-up problem
completely: the parties attain the first-best joint surplus, as the time between successive of-
fers goes to zero. Recognizing that the requirement for perfect asymmetry of information
may be unrealistic in this context, he further conjectures that “a small amount of asymmet-
ric information between the buyer and the seller regarding the buyer’s investment level may

be sufficient” to achieve such a socially efficient outcome (p.344).
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We naturally extend our partial-information hold-up model to infinite-horizon re-
peated bargaining. This extension allows us to look at the interactions between the negative
“bargaining disagreement” effect and the positive “information rent” effect in a dynamic
context. With repeated bargaining, “bargaining disagreement” is replaced by “bargaining
delay”. However, as the time between successive offers goes to zero, repeated bargain-
ing kills off any delay, thereby reinforcing the investment incentives due to information
rents. Consequently, the joint surplus unambiguously increases with information asymme-
try. Furthermore, the first-best outcome can only be achieved under the extreme case of
perfect asymmetry, whereas the lowest welfare level is obtained for a wide range of infor-
mation structures. As a by-product, our results demonstrate that for any given information
structure, the possibility of repeated bargaining is never Pareto impairing.

We further endogenize the information structure by allowing the less informed party
to carry out costly information acquisition. In the more realistic scenario when she cannot
commit to a particular information structure, there is always over-acquisition relative to
what is socially desirable. Nevertheless, an intermediate level of information asymmetry
emerges endogenously in equilibrium, verifying the robustness of our previous result.

This chapter confirms that asymmetric information, the parameter that has been fre-
quently ignored in the literature, turns out to be an important welfare instrument in the
hold-up problem. Its implications are two-fold. First, it provides a basis for institutional
design regarding the optimal flow of information. Second, it sheds light on the robustness
of existing incomplete-contract models in which the assumption of full information is taken

for granted. We will demonstrate in section 1.6 that departing from this standard assump-
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tion in general gives a distinct prediction regarding the optimal allocation of bargaining
power. More startlingly, an immediate consequence of our results is that it may be optimal
to assign bargaining power to the party with /ess information.

The rest of this chapter is organized as follows. Section 1.2 describes the partial-
information hold-up model, followed by its analysis in section 1.3. Sections 1.4 and 1.5
modify the model to accommodate infinite-horizon repeated bargaining and information

acquisition respectively. Finally, section 1.6 concludes this chapter and discusses some

applications.

1.2 The Partial-Information Hold-Up Model

We now proceed to describe the partial information hold-up model with one-shot bargain-
ing and exogenous information structure. A risk-neutral seller (she) owns a non-divisible
good that is of value to a risk-neutral buyer (he). Before any trade takes place, the buyer
can choose the amount of relationship-specific investment I to undertake, which will in-
cur a sunk cost of C(I) and potentially increase his return of the good to R(I). The seller
then makes a take-it-or-leave-it offer to exchange the good for a price p > 0. The buyer
can either accept or reject the offer and the overall payoffs of the parties are given by the

following, depending on whether they reach agreement to trade or not:

UB = R(I) — p— C(I) and US = p if trade takes place;

UB = —C(I) and U® = 0 otherwise.
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The novelty is that we now incorporate an information structure g into this canonical
model. More precisely, after the buyer has made his investment decision and before the
seller chooses her price offer, the latter observes an imperfect signal n € {I, X} sent by
nature so that with probability 1 — ¢ € [0, 1], she observes the correct investment level

whereas with probability ¢, she learns nothing. Mathematically, VI,
Pr(n = Il)=1-g¢;
Pr(n = X[I)=g¢

where I is the true investment level and X is some fixed signal. We will call anyn = I
an informative signal and n = X the uninformative signal. Intuitively, g can be thought of
as a measure of the degree of information asymmetry between the parties: as ¢ increases,
it becomes less likely that the seller is informed of the buyer’s investment choice and there
is a bigger gap in terms of the information each possesses. Notice that information of this
format is regarded as “hard information” in the sense of Tirole (1986).> This exogenous
information structure can be interpreted as reflecting the information flow of the existing
institution, or the outcome set deliberately by policy makers. In section 1.5, we will en-
dogenize the information structure by allowing the seller to acquire information regarding
the true investment level at a cost.

We assume that both R (I) and C(I) behave “nicely”: they are strictly increasing,

continuously differentiable on a bounded domain (0, I); R (I) is concave whereas C(I) is

2 In a related study, we analyze the same problem with a more general information structure so that after

any investment J made by the buyer, the seller receives a noisy signal 7 generated according to the normal
distribution:

n~ N (I,0%)
where the variance o2 plays the role of g here. OQur preliminary study shows, not surprisingly, that the
intuition and results in section 1.3 with this more general formulation are analogous.
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convex, with one of them being strict. It is also standard to assume that the social surplus

function, R(I) — C(I), has an interior optimum (denote by I*), i.e.,

/ o — T N T ' .
R'(0) — C'(0) lflfl(’)lR(I) 111{510(1)>0,

R(I)-C'(I) = lfi?ng,(I) - 1}%_10'([) <0.
Moreover, R(0) > 0 and C(0) = 0 so that the good is valuable to the buyer even without
any investment. Finally, we assume R'(0) < oco.” The cost and return functions here
encompass those in Gibbons (1992) and Gul (2001), therefore their models are our special
cases when ¢ =0 and 1.
We denote this static game with exogenous information structure ¢ by I" (¢). Through-

out, we will use sequential equilibrium as the equilibrium concept, which is standard in

the analysis of games with non-trivial information sets.

1.3 Interior Optimal Information Structure

In this section, we analyze the equilibrium outcome of the partial-information hold-up
model. We will be interested in how the introduction of information asymmetry might
affect the nature of the hold-up problem and hence the welfare of the parties. An essen-
tial step is to understand the buyer’s investment decision at equilibrium. To this end, we
now introduce a few terms which will play an important role in our analysis. First, for any

information structure g, we define the information-truncated return of the buyer as

R (I;q)=q-R(I)-C(I). (3.1)

3 This last requirement is needed only for section 1.4.






