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Abstract

The property-rights theory assumes that trade is non-contractible ex-ante
and focusses exclusively on the allocation of property-rights. We derive foun-
dations for this focus on property-rights by identifying scenarios where only
one of the simple ownership structures is optimal even though trade is con-
tractible. In these scenarios it is optimal: (1) not to sign a trade contract;
(2a) to sign a partially enforced trade contract; (2b) such a combination of
asset ownership and a trade contract might even achieve the first-best. For
the purpose of identifying the optimal simple ownership structure, trade con-
tracts can be neclected in scenarios (2a) and (2b).

Keywords: Property Rights, Incomplete Contracts, Specific Investments.
JEL-Classification: D23, D82, 114, L22.



1 Introduction

The property-rights theory of the firm tries to give an answer to a very basic
question which was initially raised by Coase (1937). Namely, why are certain
transactions conducted within firms and not in markets and, therefore, what
determines the boundaries of the firm? The seminal contributions by Gross-
man and Hart (1986), Hart and Moore (1990) and Hart (1995) addressed this
question by defining a firm as a collection of non-human assets asserting that
ownership of an asset implies residual control rights over the asset. These
papers look at the problem to induce relationship-specific investments in an
incomplete contract setting: when ex-post renegotiations over the use of the
assets break down the ownership structure becomes important because the
residual control rights over the assets determine the threatpoint payoffs of
the parties. In turn, the threatpoint payoffs influence the ex-ante incentives
of the parties to make specific investments which raise the surplus of the re-
lationship. The optimal ownership structure induces investment incentives
such that the surplus is maximized. Thus, these models are able to derive the
boundaries of the firm endogenously.

While the property-rights theory makes an important contribution to the
theory of the firm, its foundations have been debated (see for example: Tirole
(1999)): an assumption which is made throughout the property-rights liter-
ature is that trade which takes place between the parties at a later stage is
non-contractible ex-ante. This assumption is made in order to justify the ex-
clusive focus on property-rights in these models. If trade were contractible the
parties would be able to write (possibly message-dependent) trade contracts
(specifying trade quantities and payments) which could determine threatpoint
payoffs and, thereby, investment incentives. Several papers' have shown in
bilateral trade settings without assets that trade contracts can be an effective
tool for achieving the first-best. If one would introduce assets in these models,
the boundaries of the firm would be indeterminate because the parties would
be able to sign the optimal trade contract independent of the underlying
ownership structure. Therefore, the question arises whether the assumption
of non-contractible trade is crucial for the property-rights theory to be able
to explain the boundaries of the firm. Furthermore, is it possible that both
the ownership structure and trade contracts are important at the same time?

This paper gives a foundation for the exclusive focus on property-rights
when determining the boundaries of the firm: we study a model where trade
between a buyer (she) and a seller (he) is contractible ex-ante. Only the
seller makes an investment in his human capital, and the parties agree on a
general, message-dependent contract which specifies the ownership structure
of a non-human asset, the trade decision regarding one, describable good and
a payment as functions of messages of the parties. In this setting, we provide

'For example: Chung (1991), Hermalin and Katz (1993), Aghion, Dewatripont, and Rey
(1994), Néldeke and Schmidt (1995b) and Edlin and Reichelstein (1996).



conditions such that the ownership structure plays a role even though trade
is contractible ex-ante. We identify three scenarios: (1) If the investment is
sufficiently cooperative in the sense of Che and Hausch (1999, p. 129), i.e. if
it directly benefits the trading partner, it is optimal for the parties to write
no trade contract at all, and they only choose among the various ownership
structures as in the property-rights approach.? (2) In the next two cases trade
contracts are useful but the parties find it optimal to write a trade contract
which is only enforced in some ex-post states of nature: the optimal, simple
ownership structure determines threatpoint payoffs when the trade contract
is not enforced. The optimal combination of an ownership structure and a
partially enforced trade contract either (2a) gets closer to efficiency than when
no trade contract is signed, but does not achieve the first-best, or (2b) does
even achieve the first-best. Under the conditions of (1), (2a), and (2b) the
same simple ownership structure as in the property-rights approach turns out
to be optimal, and the boundaries of the firm are determined endogenously
even though trade is contractible. Therefore, for the purpose of identifying
the optimal simple ownership structure, the exclusive focus on property rights
is justified in all three scenarios.

The structure of our model is closely related to Che and Hausch (1999)
who show in a bilateral trading model without assets that the value of trade
contracts for generating investment incentives is reduced when investments
are cooperative:?® a trade contract specifies a threatpoint in possible renego-
tiations between the buyer and the seller. A cooperative investment by one
party increases the threatpoint payoff of the trading partner and, thereby,
reduces the available renegotiation surplus. This reduces the marginal in-
vestment return for the investor. If the investment creates a very strong
externality it may, therefore, be optimal to specify no threatpoint at all. We
introduce asset ownership in the model of Che and Hausch (1999). We assume
that the seller’s investment in his human capital may have a direct positive
effect on the buyer when the buyer and the seller trade with each other, but
when the parties trade with an outside-market, the seller’s investment has no
influence on the buyer’s valuation.* Hence, even though trade is contractible
asset ownership can play a role in this framework because the negative in-
centive effect of a cooperative investment is not present when trade with the
outside-market forms the threatpoint in renegotiations. In order to estab-
lish our main result on the interaction between asset ownership and trade
contracts, we strengthen a result of Che and Hausch (1999) regarding the

2This result generalizes a finding of Che and Hausch (1999).

3The model of Che and Hausch (1999) is a generalized version of the model of Edlin and
Reichelstein (1996). Che and Hausch (1999) study the value of trade contracts for solving
the hold-up problem which was initially formalized by Hart and Moore (1988). Other papers
that point out the reduced value of trade contracts when investments are cooperative are
Che and Chung (1999) and in a more general, non-differentiable setting Schweizer (2000).

4Even though Che and Hausch (1999, Footnote 33) only briefly touch upon the issue of
asset ownership, they make the same assumption. However, Che and Hausch (1999) do not
explore the possible interaction of asset ownership and trade contracts.



value of trade contracts which are always enforced (=full-enforcement con-
tracts). We show that even when no full-enforcement contract exists which
induces the first-best, trade contracts might still generate private investment
returns above social returns in some ex-post states of the world.® By rely-
ing on trade with the outside-market as threatpoint only in ex-post states
where the negative effect of the externality would be especially strong (and
private investment returns under a trade contract low), it might be possible
to increase the investment incentives relative to a full-enforcement contract.
Hence, a combination of a simple ownership structure and a partially enforced
contract might induce the first-best, even when no full-enforcement contract
can achieve that.

The foundations of the property-rights theory of the firm have previously
been studied by Maskin and Tirole (1999a): based on work by Hart and
Moore (1999) and Segal (1999), they consider a model in which a buyer and
a seller want to trade one unit of a widget when there exist a large number
of possible, ex-ante describable widgets. Only one special widget creates a
surplus ex-post, and it is ex-ante uncertain which widget turns out to be
special. Maskin and Tirole’s (1999a) result is based on the complexity of the
environment: they show that as the number of possible widgets goes to infinity
it is optimal for the parties to write no trade contract at all, and the exclusive
focus on property-rights is justified. Our result (1) above describes the same
irrelevance of trade contracts in a different setting: in our model the parties
are certain which good they want to trade but decide on the trade quantity.
Whereas Maskin and Tirole (1999a) and most of the literature on property
rights restrict attention to selfish investments,® in our model the possibly
cooperative nature of investments plays a crucial role. In addition to these
irrelevance results our results (2a) and (2b) provide conditions such that, even
when the parties find it optimal to write trade contracts, (i) only one of the
simple ownership structures is optimal, and (ii) for the purpose of identifying
the optimal simple ownership structure the exclusive focus on property rights
is justified.” Another related paper is Segal and Whinston (1999, Section 3).
They allow for message-dependent ownership structures but they maintain
the assumption that trade is non-contractible ex-ante. In this setting, they
characterize circumstances when an unconditional (but possibly probabilistic)
ownership structure is optimal.

Two further implications arise from our model. First, in the property

®Che and Hausch (1999) prove the failure of full-enforcement contracts to achieve the
first-best for the case that every possible full-enforcement contract generates private returns
below social returns in all ex-post states of the world.

1.e. investments that directly benefit only the investor. One exception to this is
Rosenkranz and Schmitz (1999).

"Two other papers which relax the asymmetry between ex-ante and ex-post contractabil-
ity of trade are Aghion, Dewatripont, and Rey (2000) and Aghion and Rey (1999): they
study the role of the allocation of control rights when some of the actions of the parties
are both ex-ante and ex-post contractible and other actions of the parties are are neither
ex-ante nor ex-post contractible.



rights literature simple ownership structures® generally fail to achieve the
first-best. This is problematic because on the one hand one frequently ob-
serves simple ownership structures, but on the other hand several papers (for
example: Noldeke and Schmidt (1995a), Noldeke and Schmidt (1998) and
Maskin and Tirole (1999a)) have shown in property-rights models that un-
der certain circumstances slightly more complicated, conditional ownership
structures are superior to simple ownership structures and induce the first-
best.? Our results (2a) and (2b) address this problem: in these two scenarios
the same simple ownership structure as in the property-rights approach turns
out to be optimal. If one is only interested in identifying the optimal simple
ownership structure, (2a) and (2b) provide conditions when, for this purpose,
trade contracts can be neglected and the exclusive focus on property-rights
is justified. But at the same time, the parties are going to sign a partially
enforced trade contract in addition to the simple ownership structure, and
these trade contracts either reduce (2a) or eliminate (2b) the inefficiency that
would result if the parties would only agree on the simple ownership structure.
Second, in our model asset ownership and trade contracts interact in a non-
trivial way in creating investment incentives: in the results (2a) and (2b) the
optimal simple ownership structure is unique and the parties sign a partially
enforced trade contract at the same time, i.e. under these circumstances it
is suboptimal for the parties either to write a trade contract which is always
enforced or to sign no trade contract at all. This interaction is a new feature
compared to the previous literature on property rights and bilateral trad-
ing: previously either only asset ownership (for example: Grossman and Hart
(1986), Hart and Moore (1990), Hart (1995), DeMeza and Lockwood (1998),
Chiu (1998), Maskin and Tirole (1999a)) or only trade contracts (for example:
Aghion, Dewatripont, and Rey (1994), Noldeke and Schmidt (1995b), Edlin
and Reichelstein (1996)) mattered for creating investment incentives.!?

The structure of the paper is as follows. The next section describes a
general framework to study the possible interaction of asset ownership and
trade contracts. In Section 3 the outcome under the property-rights approach
is derived. In Section 4 we establish our results on the foundations of the
property rights theory of the firm. In Section 5 we discuss possible extensions
of our model. Section 6 concludes.

8For example, the seller rather than the buyer owns the asset, or vice versa.

9Noldeke and Schmidt (1995a) consider collateralized debt contracts which allocate own-
ership conditional on repayment. Noldeke and Schmidt (1998) show that an option-to-own
an asset might induce the first-best in a sequential investment problem. In Maskin and
Tirole (1999a) an option-to-sell an asset combined with a payment to the public achieves
the first-best.

YOEither by assumption or in equilibrium.



2 The Model
2.1 Description of the Model

A buyer and a seller, both of whom are risk-neutral, want to trade a variable
quantity of an ex-ante describable good. In a first stage only the seller makes
a relationship-specific investment in his human capital. In a second stage,
after a random variable has been realised, the level of trade ¢ € [0,7] = Q
is determined. The buyer and the seller may either trade with each other
or with an outside-market. For simplicity we assume that they cannot trade
with each other and the outside-market simultaneously. The parties use their
human capital as well as a non-human asset A for production and trade. The
structure of the game is as follows:

Timing. Figure 1 depicts the sequence of events. At date 1 the parties sign
a contract [z (-),¢(-)] which specifies a three-dimensional decision variable
z(-) =[0S(),q(-),e(-)] and a payment ¢(-) from the buyer to the seller.
The functions z (-) and ¢ (-) possibly depend on messages sent by the parties.
The function OS (-) determines who owns the asset after the messages have
been sent.!! Two different realizations of OS are possible: OS € {SO, BO},
where: SO=the seller owns the asset, and BO=the buyer owns the asset.!? As
we assume that the good can be costlessly described at date 1 the level of trade
q () between the buyer and the seller is verifiable by a court and can therefore
be specified in a contract. Additionally, the parties agree on a function e (-)
which can take on the values 0 and 1. e(-) determines whether ex-post ¢ () is
indeed enforced (e = 1) or not (e = 0) if renegotiations between the parties
break down.'> When ¢ () is not enforced the parties are free to trade with
the outside-market. We make enforcement of ¢ () a decision variable to allow
interaction between asset ownership and trade contracts (which specify trade
quantities and payments) to emerge.'* In general one could imagine that

A~ —

1 As will become obvious later, for investment incentives it only plays a role who owns
the asset after that point in time, if it plays a role at all.

12Joint ownership (JO) of the asset would be an additional possibility. Under JO a party
is only able to use the asset if the other party agrees. As will become obvious later, in our
setting the investment incentives under JO are equivalent to those under BO, and, therefore,
we omit an explizit treatment of JO.

3When the buyer and the seller want to trade with the outside-market in the case that
certain messages are sent, they specify e () = 0 for these messages in the contract. This is
not equivalent to [OS (-),q() = 0,t(-),e() = 1] because the latter means that the parties
preclude any trade (even with the outside-market). This latter contract can be interpreted
as an ”exclusive contract.” Exclusive contracts are studied in detail by Segal and Whinston
(1998).

'41n the related papers by Edlin and Reichelstein (1996) and Che and Hausch (1999) the
question of not enforcing ¢ (-) does not arise: Edlin and Reichelstein’s (1996) model does
not include assets, and they consider investments which directly benefit only the investor:
in their model a simple trade contract specifying a fixed quantity and a fixed price achieves
the first best in the one-sided investment case. In the model of Che and Hausch (1999) there
are also no assets, and it is assumed that no trade between the buyer and the seller leads to
no trade at all and zero surplus: but this is equivalent to a trade contract specifying zero
trade and zero payments.



the parties send messages ex-post, and a court enforces OS (), ¢ () and ()
depending on the value of e (). The following definitions will be useful:

Definition 1 A full-enforcement contract specifies e () = 1 independent
of the messages which are sent.

Definition 2 A partial-enforcement contract specifies e () = 0 for some
messages and e () = 1 for others.

At date 2 the seller makes a relationship-specific investment s € [0,5] = S
in his human capital,'®>'® and at date 3 a random variable € € {€*,....,e!} = E
with Prob (ez) =p' fori=0,...,1 is realized. We assume that 0 < p* < 1 Vi.
It is useful to denote the true ex-post state of the world by 6 = (s,¢) € © =
S x E. At date 4 the buyer and seller send messages 6/ = (sj L€l ) € O for
j = B, S if the contract is message-dependent. At date 5 renegotiation takes
place. At date 6 the good is produced and traded.

Information. Throughout we assume that the buyer and the seller have
symmetric information. They both observe the relevant variables and func-
tions. However, only the ownership structure, the quantity of trade, payments
between the parties, the enforcement decision and messages sent by the parties
are assumed to be verifiable by a court. Therefore, the most general contract
is registered with the courts,!” and specifies the ownership structure, the level
of trade, the payment and the enforcement decision as functions of the mes-
sages sent by the parties after the state of the world has been realized.

Renegotiation. We assume that renegotiation results in an ex-post efficient
outcome. The seller and the buyer divide the resulting renegotiation surplus
in Nash-Bargaining with exogeneously given bargaining power o for the seller
and o for the buyer, where 0 < a® < 1 and a®+a® = 1.18 The threatpoint is
determined by [¢ (), ()] if e () = 1, and by the underlying ownership structure
OS() and t() if e() = 0. If ¢() is enforced when renegotiations break down
the buyer and the seller have to trade with each other. If ¢ () is not enforced
both parties have the opportunity to trade with the outside-market. We
assume that the parties are unable to commit not to renegotiate.!

In the following we describe the payoff functions of the buyer and the seller,
and subsequently we state the formal assumptions regarding these functions:

15The case of an one-sided investment by the buyer is analogous.

16 An investment in human capital is not embedded in the asset. For a detailed discussion
on the distinction between investments in human capital and in physical capital see Hart
(1995, Ch. 3).

"l.e. the parties include a specific performance damage clause in their contract and
register it with the courts (see Edlin and Reichelstein (1996)).

¥DeMeza and Lockwood (1998) and Chiu (1998) have shown that the optimal ownership
structure might depend on the nature of the bargaining game. In our paper the interaction
of asset ownership and trade contracts is at the centre of attention and, therefore, we neglect
this aspect for simplicity.

19We do not deny that under certain circumstances the parties might be able to commit
not to renegotiate, but we want to consider renegotiation as a practical possibility.



Payoff functions when the buyer and the seller trade with each other.
When the parties trade with each other the seller has a cost function C (g, s, €),
and the buyer has a valuation function V (g, s, €) , and both have access to the
non-human asset for production and trade. We asssume that C (-) and V (+)
are twice continuously differentiable in g and s. Before we proceed to describe
the payoff functions in more detail it is useful to classify the investment of the
seller according to the identity of the parties who directly benefit from it:2%

Definition 3 The investment s of the seller is said to be:*!
(i) selfish if Cs(q,s,€) <0 for ¢ >0, and
(i) cooperative if Vs (q,s,e) >0 for g > 0.

Our specification of V (-) allows for the possibility that, for some realiza-
tions of ¢, the investment of the seller directly increases the buyer’s valuation
of trade. We have in mind that, in principle, the seller can produce a tailor-
made product for the buyer but only for some realizations of € he has acquired
the right skills to do so. For these realizations of €, V (-) is increasing in s,
and s is cooperative in the above sense.

Payoff functions when the buyer and the seller trade with the outside-
market. In accordance with Maskin and Tirole (1999a, p. 140) we assume
that the payoffs that acrue to the parties when they trade with the outside-
market have the nature of private benefits, and, therefore, that the trades
with outsiders are non-contractible. When the seller and the buyer trade
with the outside-market their payoffs depend on who owns the asset, and
they have payoffs @5 (08, s, €) and P (OS, €) respectively. We asssume that
u° (+) is twice continuously differentiable in s. @? (0S8, ¢€) is independent of
s for all realizations of € because when the buyer acquires the good on the
outside-market she does not profit from the value-enhancing, relationship-
specific investment of the seller.??

Assumption 1 (A1)
(i) C(0,0) =V (0,6) =0 Vé.
(ii) C () (V(-)) is strictly increasing and strictly convez (concave) in q.
(iii) C (-) (u® (-) ) is strictly decreasing (increasing) and strictly
convez (concave) in s for all € € E°, where E° is a non-empty
subset of E; and independent of s otherwise.

2Tn the whole paper subscripts denote partial derivatives.

#1See Che and Hausch (1999, p. 129).

22The following is an alternative motivation of the assumption that V (-) (but not u” (-))
might depend on s: for some realizations of € the buyer by working with the seller learns
from the seller, and she is thereby able to improve her own human capital which in turn
increases her valuation of trade with the seller. Even though the buyer always observes the
level of investment s and is able to think of the potential benefits from learning from the
seller (i.e. the effect of s on V (-)) she needs to work closely with the seller to realize this
benefit. From outside (i.e. when trading with the outside-market) she is not able to capture
the details of the potential improvement and is unable to implement it.



(iv) V () is strictly increasing and strictly concave in s for all ¢ € EB,
where EB is a subset of E; and independent of s otherwise.
(v) Cys <0 for alle € ES, and Vs > 0 for all € € E.

2.2 The First-Best

We assume that trade between the buyer and the seller is always efficient ex-
post. Therefore, the ex-post efficient quantity maximizes the ex-post surplus
of trade between the buyer and the seller:?3

q (9) € arg max [V (4,0) — C(q,0)]- (1)

The ex-post surplus ¢ () and the expected gross surplus @ (s) are then defined
in the following way:

$(0) =V (g (0),0) - C(q" (0),0) and @(s)=E[¢p(s,€)].  (2)
Assumption 2 (A2) O (s) is strictly concave in s.

To achieve ex-ante efficiency the investment of the seller has to maximize
the expected net surplus of trade. Therefore, the first-best investment s*
solves:

s* € arg max [®(s) —9]. (3)

2.3 Payoffs of the Buyer and the Seller

The ex-post payoffs of the parties depend on whether or not ¢ (03 ,0° ) is
enforced if renegotiations break down (i.e. whether e (OB ,0° ) equals 0 or 1):

2.3.1 Threatpoint: Trade with the Outside Market

If renegotiations break down and e (93 ,0° ) = 0 then ¢ (OB ,0° ) is not enforced
and the underlying ownership structure OS and the transfer payment ¢ de-
termine threatpoint payoffs. Therefore, the threatpoint payoffs of the seller
and the buyer respectively are:

a% (07,605,0) =t (6%,0°) +u® (0S (05,6°) ,0), (4)

aP (67,0°,0) =a® (0S (67,6°) ,¢) — t (67,6°) . (5)

In accordance with the property-rights theory of the firm (see for example
Hart (1995, p. 37)) we assume that the marginal investment return for the
seller when he trades with the outside-market is relatively low, and that the
investment is more effective when the seller has control over the asset A:2*

23In the whole paper we assume interior solutions.
241.e. joint ownership of the asset would imply the same marginal payoff as under buyer-
ownership.



Assumption 3 (A3)u; (BO,0) < a3 (SO,0) < —C; (q* (0),0) Ve € EY, Vs.
Hence, for e (GB ,0° ) = 0, the following renegotiation surplus results:
rs (07,05,0) = ¢ (0) — a° (0S (67,6°),0) —a® (0S (67,0°) ,¢).  (6)

The ez-post payoffs consist of the threatpoint payoff and the respective share
of the renegotiation surplus:

w? (08,0°,0) =a (67,0°,0) + o’ -rs (67,0°,0) (7)

for j =8, B.
2.3.2 Threatpoint: Trade between the Buyer and the Seller

If renegotiations break down and e (OB .0° ) = 1 then ¢ (03 ,0° ) is enforced.
In this case the threatpoint payoffs of the seller and the buyer respectively
are:

U® (07,6%,0) =t (6%,0%) — C (¢ (67,60°) ,0), (8)

UP (07,6%,0) =V (¢ (67,6°),0) —t (67,0%), (9)
and the renegotiation surplus is:
RS (68,05,0) = ¢ (0) — [V (¢ (67,0°),0) — C (¢ (6%,0°),0)].  (10)

Hence, when e (HB .0 ) = 1 the ez-post payoffs of the seller and the buyer
respectively are:

U’ (67,0°,0) = U7 (67,65,0) + o’ - RS (67,6%,0) (11)

for j =8, B.
2.3.3 Ex-Post Payoffs of the Buyer and the Seller

In the previous two subsection we derived the ex-post payoffs of the buyer
and the seller for the two possible values of e (03 ,0° ) Hence, combining (7)
and (11) yields the ex-post payoffs of the seller and the buyer as functions of
the messages and the true ex-post state of the world:

RI(05,60%,0) =’ (05,0,0) — e (65,0°) - [u? (65,0°,0) — U7 (67,65,0)]
(12)

for j = S, B. Define: }_2] 0) = R (6,0,0) for j = S,B, and e (0) = e(0,6).



2.4 The Optimization Problem

An optimal contract induces an investment by the seller such that the ex-
pected net surplus of the relationship between the buyer and the seller is
maximized. Throughout we rely on subgame perfect equilibrium as the solu-
tion concept.

The revelation principle allows us to restrict attention to direct revelation
mechanisms which specify the ownership structure, the trade quantity, the
enforcement decision and the transfer payment as functions of the messages
6B of the buyer and 0° of the seller about the true state of the world 8 in a
way such that the parties have an incentive to report truthfully. Formally, a
direct revelation mechanism is defined as a mapping [z,t] : ©2 — {SO, BO} x
Qx{0,1} x R.25 The optimal direct revelation mechanism solves the following

problem:%6
Mazx {®(s) — s}, C
Maz ((5) - 3} (©

subject to:
R’ (6) > RS (6,65,6) V6,v6°, (SIC)
R” () > R (6%,6,6) V0,v0P, (BIC)
$ € arg max {E [Es (s, e)] - '§} . (I

Conditions (SIC) and (BIC) ensure that truth-telling is a Nash-equilibrium
on and off the equilibrium path.

3 The Property-Rights Approach

Because the property-rights approach is nested in our model, we derive its
prediction as a benchmark. The property-rights theory of the firm considers
a model where the relevant good is non-describable ex-ante. It is impossi-
ble for the parties to write a trade contract because the object of trade is
not verifiable, and, therefore, a trade contract could not be enforced. In our

25We do not consider random mechanisms. Allowing for random mechanisms would not
change our results qualitatively since even when we consider random mechanisms situations
arise where no full-enforcement contract can achieve the first-best or where trade contracts
have no value (see Che and Hausch (1999, Footnote 23)). Maskin and Tirole (1999a) consider
random mechanisms in their foundation of the property-rights approach because in their
model only one unit of a good is traded. Random mechanisms play a crucial role when the
parties are risk-avers (see Maskin and Tirole (1999b)).

%6 This program does not require participation constraints because ex-ante payments exist
which induce participation by both parties.

10



model this corresponds to a situation where the underlying ownership struc-
ture determines threatpoint payoffs independent of the messages which are
sent. Therefore, we assume in this section that:

e (0%,05) =0 V6P, 0°. (13)

Because some papers in the property-rights literature consider options on
asset ownership we still allow for message-dependent ownership structures,
i.e. the ownership structure and the transfer payment might depend on the
messages of the parties. The following result can be established:

Lemma 1 Assume (A1)-(A3). Ife (03,05) = 0 V92,V0°, then the following
18 true:
(i)  Unconditional seller-ownership (i.e. OS (93,95) =50 V6P v6° ) is
optimal,
(ii) Unconditional buyer-ownership (i.e. 0S(6%,0%) =BO V65 v6%) is
not optimal,
(iii) The seller underinvests.

Proof. See Appendix A. m

The property-rights theory suggests that only one of the unconditional
ownership structures is optimal, and that, in the one-sided investment prob-
lem, message-dependent ownership structures cannot improve upon uncondi-
tional seller-ownership.?” Hence, in this setting the restriction of attention to
unconditional ownership structures in itself does not carry an efficiency loss.

4 Foundations of the Property-Rights Theory

In this section we state our results on the foundations of the property rights
theory of the firm: first, we show that, if the investment of the seller is
sufficiently cooperative, it is optimal for the parties to rely on unconditional
seller-ownership as threatpoint in renegotiations independent of the messages
of the parties (i.e. e(0%,6%) = 0 V6% ,v6%). In this first scenario a full-
enforcement contract is not optimal, and unconditional buyer-ownership is
never part of an optimal contract.?® Second, when this condition is not fulfilled
an interesting interaction of asset ownership and partial-enforcement contracts
might emerge, and, even though the parties sign a trade contract, the choice of
the right ownership structure might play an important role in order to achieve
the first-best. We focus on this novel observation in the second part of this
section: we describe two scenarios where unconditional seller-ownership in
combination with a partial-enforcement contract is optimal: unconditional

27Given the large set of possible message-dependent ownership structure which we allow
for, unconditional seller-ownership is in general not uniquely optimal. However, as Hart
and Moore (1999, p. 133) argue, more important than uniqueness is the ability of the
property-rights approach to show that certain ownership structures are suboptimal.

%8 Thereby, we generalize a finding of Che and Hausch (1999, Footnote 33) who discuss
the irrelevance of contracting in the presence of asset ownership in a special example.

11



asset ownership alone, unconditional buyer-ownership in combination with a
partial-enforcement contract, or a full-enforcement contract are not optimal.

In all three scenarios the choice of the right ownership structure is im-
portant even though trade is contractible: in all three scenarios, as in the
property-rights approach (see Lemma 1), unconditional seller-ownership is
optimal but unconditional buyer-ownership is not optimal. Therefore, if one
is only interested in the optimal unconditional ownership structure, the exclu-
sive focus on property-rights is justified (i.e. for this purpose one can assume
e (OB,OS) =0 VOB,0° from the outset). At the same time, in the last
two scenarios, the inefficiency which the property-rights approach suggests is
reduced or even completely eliminated because one knows that in fact the
parties are going to sign a partial-enforcement contract (i.e. the parties find
a contract optimal where e () is sometimes equal to one and sometimes equal
to zero).

4.1 The Irrelevance of Trade Contracts

The value of a trade contract for generating investment incentives is reduced
when investments are cooperative: if the investment of the seller is cooper-
ative and e (6) = 1, the seller, by investing, worsens his bargaining position
because the threatpoint payoff of the buyer UB is increased and, thereby, the
renegotiation surplus is reduced. This effect reduces the seller’s investment
incentive. The larger the bargaining power of the seller the more of this reduc-
tion of the renegotiation surplus is internalized by the seller, and the smaller
are his investment incentives.?? As seller-ownership is an optimal ownership
structure when e (HB .05 ) =0 V6#?,0° (see Lemma 1), the investment incen-
tives created under this ownership structure form the benchmark for the value
of trade contracts in our model: if, for each realization of €, no contract exists
which can generate higher marginal investment returns than unconditional
seller-ownership alone, then it is optimal for the parties to agree on uncon-
ditional seller-ownership and to refrain from specifying trade quantities in a
contract, i.e. e (05,05) =0 V65,05

To prove this formally we define for a given OS and for each realization of
e critical values 3 (¢, 0S): for all values of the bargaining power of the seller
above this threshold, the private ex-post returns which are generated when
OS determines threatpoint payoffs are no less than the private ex-post return
which any trade quantity could generate. To simplify notation, we define:

M (kaQa 0) = —kV (q’e) - (1 - k) C(Qa 9) ) (14)

29If the buyer and the seller are able to commit not to renegotiate an initial contract,
Che and Hausch (1999) and Maskin and Tirole (1999b) have shown that a full-enforcement
contract exists which induces the first-best. In this case the ownership structure is irrelevant
for generating investment incentives.
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where k € [0;1]. Now the thresholds are defined as:3

B (e,08) = inf{k € [0;1] /M, (k,q,s,€) < (1 — k)@ (0S,s,€) Vg€ Q,Vs € S},
(15)

if the respective set is nonempty, and S (¢, O.S) equals one if the respective set
is empty. A low value of 3 (¢, 0S) means that the seller’s investment is highly
cooperative when a certain € has been realised. The () might depend on g
and S: as ¢ and § increase, the condition in (15) has to hold for a larger set
of quantities and investments. Therefore, the 3 (e, 0.S) are non-decreasing in

g and 5. In the following we suppress this dependency for ease of notation.
For each OS € {BO, SO}, we define:

B(0S) = meaxﬁ (e,08). (16)

Proposition 1 Assume (A1)-(A8). If o > B(SO) then the following is

true:

(i) Unconditional seller-ownership, e (03,05) =0 and t(ﬁB,HS) =t VOB vo°
is optimal,

(ii) A full-enforcement contract is not optimal,

(iii) Unconditional buyer-ownership is never part of an optimal contract.

Proof. See Appendix B. m

4.2 The Interaction of Asset Ownership and Partial Enforce-
ment Contracts

In this section we state our main results on the foundation of the property-
rights theory of the firm. In order to show that a combination of seller-
ownership and a partial-enforcement contract might achieve the first-best
when no full-enforcement contract can do so, we begin this section by strenght-
ening a result of Che and Hausch (1999) regarding the value of full-enforcement
contracts:

4.2.1 No Full-Enforcement Contract can Induce the First-Best

Che and Hausch (1999) derive a sufficient condition such that independent of
the probability distribution over e no full-enforcement contract can achieve the
first-best: if the bargaining power o of the seller is above a certain threshold
no full-enforcement contract achieves efficiency because above this thresh-
old no full-enforcement contract can induce private ex-post returns above

30Tn order to provide an intuition for this definition compare the marginal (ex-post)
investment returns when an unconditional ownership structure OS and a payment t deter-
mine threatpoint payoffs with the marginal returns when a fixed-quantity/fixed-payment
(g,t)-trade contract determines treatpoint payoffs: (asq,’)s (s) + (1 — as) s (08, s, e)) ver-
sus (a®¢, (s) + [-a®Vi (g,8,€) — (1 —a®) Cs (q,8,€)]). The (g, t)-trade contract generates
a (weakly) lower marginal investment return than OS when the condition in the definition
holds. 3 (e, OS) is defined in a way to allow statements about all possible message-dependent
contracts.
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social ex-post returns for any realization of e. We reformulate Che and
Hausch’s (1999) sufficient condition for the case of a given probability dis-
tribution over €, and show that even when trade contracts can still induce
private ex-post returns above social ex-post returns for some realization of e,
no full-enforcement contract might be able to generate expected private returns
above ezpected social returns.?’ Hence, a combination of seller-ownership and
a trade contract which is only enforced for a realization of ¢ where private
ex-post returns above social ex-post returns can be generated might improve
upon the investment incentives which any full-enforcement contract can in-
duce.

We begin our analysis by looking at individual realizations of €. For a
given realization of € the respective threshold =y (€) is defined as the lowest
value of the bargaining power of the seller such that the private ex-post returns
which any trade contract can generate are less or equal to the social ex-post
returns for this realization of e. Formally, the thresholds «y (¢) are defined
as:3?

v (e) = inf{k € [0;1] /M, (k,q,s,€) < (1 — k) ¢4 (s,€) Vg€ Q,Vs € S}, (17)

if the sets are nonempty, and each measure equals one if the respective set
is empty. A low value of a certain 7y (¢) means that the seller’s investment
is highly cooperative for this e. By the same argument as above the «y () are

non-decreasing in § and 3. Again, we suppress this dependency for ease of
notation. It follows from (17), (15), (A3) and (A1)(iii),(iv),(v) that:

v(e) < B(€,50) < B (e, BO) Ve (18)

Che and Hausch (1999, (B4)) have shown that if «® > 7 (¢€) no trade contract
can generate private ex-post returns for the seller equal to or above social
ex-post returns for that e. They prove that if o® > maxy (€), and if the
parties cannot commit not to renegotiate, then no full-enforcement contract

can induce the first-best.3® This obviously holds true independent of the
probability distribution of e.

317.e. whereas Che and Hausch’s (1999) result holds independent of the probability distri-
bution over €, our focus on a given probability distribution allows us to establish the same
result for a wider parameter range. Note, that our condition in Lemma 2 below is again
sufficient because for some values of a® below our threshold the functions ¢ (-) and #(-)
which in principle induce the first-best might not satisfy (BIC) and (SIC), i.e. [q(-),t ()]
might not be implementable.

321n order to provide an intuition for this definition consider the private ex-post returns
when a fixed-quantity/fixed-payment (g,t)-trade contract determines treatpoint payoffs:
a®¢, (s)+[-a’Vi (g, 8,€) — (1 — @®) Cs (q, 5,€)]. The (g,t)-trade contract generates a pri-
vate ex-post return (weakly) below the social ex-post return (= ¢, (s)) when the condition
in the definition holds. v (¢) is again defined in a way to allow statements about all possible
message-dependent contracts.

33Their o* (defined in Che and Hausch (1999, p. 139)) is identical to maxy (¢) in our

model.
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For a given probability distribution over E we define a critical value v*
such that for levels of the bargaining power of the seller above this critical
value no full-enforcement contract can induce private returns above social
returns in ezpected terms. Formally:

1
v* = inf{k € [0; 1]/Zpi - M (k,qi,s,ei) <(1-k)P(s) V (qo,ql,s)},

= (19)

if the set is nonempty, and v* equals one if the set is empty. A low value of
v* means that the seller’s investment is highly cooperative in expected terms.
By the same argument as above v* is non-decreasing in ¢ and s. Moreover,
~v* might depend on the probability distribution of €, and we are going to
exploit this fact in subsequent sections. Again, we suppress the arguments of
the function v* for ease of notation. It follows from (17) and (19) that:

miny (€) < v* < maxvy (e) . (20)
€ €

Lemma 2 Assume (A1)-(A2). If & > +* then no full-enforcement contract
can induce the first-best, and it is possible that v*<max-y (e).
€

Proof. See Appendix C. m

Because a y*<maxvy (€) is possible, our Lemma 2 indeed strengthens the
€

result of Che and Hausch (1999, Prop. 3 (i)).3* This is important in order
to establish our results below because it shows that v* < o < maxy (e)
€

is possible: for such values of a® no full-enforcement contract can induce
the first-best but specifying trade quantities in a contract can still induce
private ex-post returns above social ex-post returns for some realizations of
€. Therefore, a partial-enforcement contract might achieve the first-best. For
a® > maxy (¢) this possibility does not arise.

4.2.2 Seller-Ownership and Partial-Enforcement Contracts

In order to illustrate the important role which combinations of asset-ownership
and partial-enforcement contracts might play we simplify our model in that
we assume that e is a pure demand shock: suppose that the cost function of
the seller and the payoffs of the parties from trading with the outside-market
are independent of €. In the following the random variable € can take on two
different values and it only determines whether or not the investment s of the
seller has an influence on V (-): for €' the investment is purely selfish, but for
¢’ the investment is cooperative and selfish at the same time. Under slight
abuse of notation we denote the cost function of the seller with C (g, s) and

34In contrast to Che and Hausch (1999) we assume the existence of upper bounds for g
and s. However, these assumptions are not necessary for an v*<max-y (¢) to emerge. What

is important is that the investment returns as a function of ¢ and s are bounded.
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the payoffs of the buyer and the seller from trading with the outside-market
with %? (OS) and u° (OS, s) respectively. Formally, we make the following
assumption:

Assumption 4 (A4)

(i) P (), @%(-) and C(-) are independent of e,
(ii) E=E5={e €'} and EP = {"},

(iii) V (q, 61) =V (q,O,eO) Vg.

Define: §° = (s,¢”) and 0' = (s,€'). Given (A4), it follows immediately
from (17) that:

y (el) =1 and v (60) <1, (21)

i.e. for € no trade contract is able to induce private ex-post returns above
social ex-post returns if o is sufficiently large. Besides § and 5 the over-
all critical value v* might also depend on the probability distribution of €
(i.e. the probability p° of the cooperative state): as p® becomes bigger the
expected effect of the externality under a full-enforcement contract becomes
more severe, and, therefore, 4* is non-increasing in p°. Note, that (20) and
(18) imply:

07 (60) <~* and 7~ (eo) <pB (eO,BO) . (22)

These observations and the discussion in Section 4.2.1 hint at the possibility
that a combination of asset ownership and a trade contract, which is enforced
when €! has been realized (i.e. when the investment is purely selfish) but
which is not enforced when the investment is cooperative, might achieve the
first-best even when no full-enforcement contract can do so (i.e. when o >
v*). To allow for this possibility we focus in the following on situations where
v < 1.

Remark 1 FEven in this setting the ownership structure may be irrelevant
and the boundaries of the firm may be indeterminate: in principle, all possi-
ble ownership structures in combination with a partial-enforcement contract
might achieve the first-best. As we are interested in situations where uncondi-
tional seller-ownership but not unconditional buyer-ownership is optimal, the
above setting is non-trivial because we additionally have to characterize cir-
cumstances where unconditional buyer-ownership is never part of an optimal
contract.

When the parties specify trade quantities in the contract which are only
enforced when €' has been realized three different incentive effects relative
to a full-enforcement contract are at work: (i) For €® the externality of the
investment would be relatively strong. When the underlying ownership struc-
ture determines threatpoint payoffs for this realization of € the externality
is avoided. This raises the investment incentives of the seller relative to a
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full-enforcement contract. (ii) For ¢ the marginal increase in the seller’s
threatpoint payoff does not depend on the function Cj (q, 60,') but it de-
pends on the function @5 (OS, €°,-). The sign of this effect is ambiguous. (iii)
For €' there is no externality. Hence, for €! it is possible to induce private
ex-post returns above social ex-post returns by specifying a high enough trade
quantity in the contract (note: Cys < 0). This increases the incentives of the
seller. However, this effect is limited because we assume g € [0,q], i.e. it is
technologically not feasible to produce or trade an unlimited quantity.

If it is possible to specify a high enough trade quantity which exactly
induces first-best investment incentives in the above way, then a combination
of unconditional seller-ownership and a partial-enforcement contract can in
principle achieve the first-best: however, such a combination has also to be
implementable, i.e. decisions and payments which the parties specify in a
[z (-),t(-)]-contract have to be incentive-compatible (i.e. satisfy (SIC) and
(BIC)): given a mild assumption on the absolute payoffs of the seller we are
going to show that a contract exist which implements the desired partial-
enforcement. Whereas in Grossman and Hart (1986), Hart and Moore (1990)
and Hart (1995) the absolute cost and valuation levels do not play a role
for generating investment incentives,®> in our model the absolute levels are
important because they determine whether a partial-enforcement contract
which might induce an efficient investment fulfills (BIC) and (SIC), and hence
can be implemented.36

We now proceed by deriving our results formally. Consider an uncondi-
tional ownership structure OS and payment ¢, and assume that the parties
agree on a fixed trade quantity ¢©° which is only enforced when e! has been
realized. When ¢ = €® the underlying ownership structure OS determines
threatpoint payoffs. Using (A4), (12), (10), (9), (8), (6) and (4) we derive the
marginal expected investment return of the seller for this case:37

oF [ﬁS(OS,qOS,s,e)]

5 = p’ 0% ¢, (s,€") + (1 —0®) -7 (08, 9)]
+pt [0 g (s,¢') — (1-0%) - Cs (¢9%,5)]  (23)
= o ®,(s)

+ (1 —aS) . [po-ﬂf (08,s) —p'- C; (qOS,s)].

35Tn DeMeza and Lockwood (1998) and Chiu (1998) the absolute cost and valuation levels
influence the outcome of the bargaining game, and, thereby, they have an influence on the
investment incentives of the parties.

36 An alternative to making assumptions on the absolute cost and valuation levels would
be to assume that € is verifiable: if ¢ was verifiable the parties could specify different
functions z* (), #* (-) for each realization €', i = 0, 1, and the parties would only send reports
regarding the investment level: Lemma 1, Lemma 2 and Proposition 1 would continue
to hold. Moreover, no assumptions on the absolute cost and valuation levels would be
needed to guarantee that the optimal partial-enforcement contracts in Proposition 2 and
Proposition 3 below could be implemented because the parties could simply specify the
desired enforcement for each realization of € in the initial contract.

37 Again under slight abuse of notation.
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It follows from (3) and (A2) that a ¢”° which in combination with an owner-
ship structure O.S induces first-best investment incentives is implicitly defined
by:3®
OF [ﬁs (OS’, qOS,s*,e)]
s
Using (23) and (3), we rewrite (24):

1l
=

(24)

[p° a5 (08,5%) — (1—p°) - Cs (¢°F,5%)] = 1. (25)

The optimal quantities ¢ are functions of p°: (25), (3), (A3), (A1)(v) and
the Implicit-Function Theorem imply that the ¢© are strictly increasing func-
tions of p’: as p® becomes larger it becomes more likely that the investment
is cooperative and that the parties do not want to enforce the trade quantity.
If, however, the underlying ownership structure determines threatpoint pay-
offs the private ex-post returns are below the social ex-post returns, and ¢?°
has to rise in order to compensate for the reduction in expected investment
returns. We suppress the dependency of ¢©° on p° for ease of notation. Be-
cause U5 (-,s*) is larger when the seller owns the asset and because of (A1)(v)

S

it follows that:

750 < ¢50. (26)
Note, that the ¢©° are independent of the distribution of bargaining power
between the seller and the buyer.

A combination of an unconditional ownership structure and a partial-
enforcement contract with trade quantity ¢?° can achieve efficiency only if

q©% is weakly below g: if, for a given unconditional ownership structure OS,

¢?% is above g then first-best investment incentives cannot be generated in this
way because a ¢?% above 7 is technologically not feasible. It is obvious from
(26) that seller-ownership is the most likely ownership structure to satisfy
¢°? <q.

We impose a mild condition on the absolute payoffs of the seller in order
to guarantee that the above described partial-enforcement contract can be
implemented when the seller owns the asset: for a given trade quantity ¢°©,
we assume that for the seller the potential direct effect of investing is larger
inside the relationship with the buyer:

Assumption 5 (A5) — [C (qSO,E) - C (qSO,O)} > [175 (S0O,3) —u° (S0,0)} .

We are now able to state our main result on the optimality of unconditional
seller-ownership and partial-enforcement contracts:

381f a ¢©° which satisfies (24) does not exist we (arbitrarily) define: ¢°° = 27.
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Proposition 2 Assume (A1)-(A5) and ¢°© < G < ¢B°. Then the following
is true for all &® > max {;B (GO,BO) ,’y*}:
(i) A combination of unconditional seller-ownership and
a partial-enforcement contract achieves the first-best,
(1) Unconditional seller-ownership in combination with
e (03, 95) =0 VOB V0° is not optimal,
(iii) A full-enforcement contract is not optimal,
(iv) Unconditional buyer-ownership is not part of an optimal contract.

Proof. See Appendix D. m

There exists a quite simple partial-enforcement contract which in combi-
nation with unconditional seller-ownership induces the first-best:

Corollary 1 The partial-enforcement contract (55) in the proof of Propo-
sition 2 (i) can be interpreted in the following way: wunconditional seller-
ownership and giving the seller an option-to-sell ¢5© units of the good at
strike price qslo , where

N =a° [V (qSO,el) — B (SO)] + (1 — ozs) [C (qSO,O) + 3 (S0,0)]
induces the first-best.

Proof. This follows directly from the definition in (55) and the proof of
Proposition 2 (i). m

Proposition 2 describes a situation where, even though trade is contractible
ex-ante, asset ownership plays a crucial role for achieving the first-best: a com-
bination of unconditional seller-ownership and a partial-enforcement contract
induces an efficient investment of the seller, even when no full-enforcement
contract can do so. Unconditional buyer-ownership is not optimal because the
investment incentives which this ownership structure generates when ¢ = ¢°
are sufficiently weak (i.e. ¢P9 > §) and because the externality which the
investment causes is sufficiently strong (i.e. o > 8 (e°, BO)).

The next proposition describes a similar situation as above, but in contrast
to Proposition 2 the investment incentives which seller-ownership generates
are now assumed to be relatively weak (i.e. ¢°© > §): unconditional seller-
ownership is still optimal, the parties sign a partial-enforcement contract, but
the first-best cannot be achieved in this case:

Proposition 3 Assume (A1)-(A4) and G < ¢°C. Then the following is true
for all ° > 8 (60, BO):
(i) A combination of unconditional seller-ownership and a partial-
enforcement contract is optimal but the first-best cannot be achieved,
(ii) Unconditional seller-ownership in combination with
e (HB, 05) =0 V0B,0° is not optimal,
(iii) A full-enforcement contract is not optimal,
(iv) Unconditional buyer-ownership is not part of an optimal contract.
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Proof. See Appendix E. m

The optimal partial-enforcement contract (61) in the proof of Proposition
3 can again be interpreted as an option-to-sell the good:

Corollary 2 The partial-enforcement contract (61) in the proof of Proposi-
tion 3 can be interpreted in the following way: unconditional seller-ownership
and giving the seller an option-to-sell § units of the good at strike price %,

where
N =0 [V (7,¢') —aP (SO)| + (1 — ) [C (g,0) + @° (50,0)]
18 optimal.

Proof. This follows directly from the definition of (61), the proof of
Proposition 3 (i) and the proof of Proposition 2 (i). m

5 Possible Extensions

Our model could be extended in various ways:

1. A generalization of Proposition 2 and Proposition 3 to more than two
possible realizations of ¢ would complicate the analysis but it would
not change our results qualitatively: if no full-enforcement contract can
induce the first-best, but if it is still possible to generate private ex-
post returns above social ex-post returns for more than one realization
of € the scope for asset ownership and partial-enforcement contracts
should increase: for a given ownership structure several different partial-
enforcement contracts which are enforced in different states of nature
might raise investment incentives relative to a full-enforcement contract.
Therefore, for a given ownership structure and for given absolute cost
and valuation levels it is more likely that a partial-enforcement contract,
which can be implemented and which raises investment incentives rel-
ative to a full-enforcement contract, exists. If, in addition, the invest-
ment incentives under buyer-ownership are sufficiently low the results
of Proposition 2 and Proposition 3 should go through.

2. In Section 4.2, we would obtain the same results if the investment of the
seller was selfish and cooperative at the same time for both realizations
of € and if the cooperative component of the investment were sufficiently
weak for € = €l.

3. The case of two-sided investments (i.e. both the seller and the buyer
invest simultaneously) would be another interesting extension. If both
parties invest simultaneously in their human capital the optimal owner-
ship structure, which the property rights approach prescribes, depends
on the relative importance of the two investments for increasing the
total surplus and on the effect of a certain ownership structure on the
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investment incentives of both parties (see for example: Grossman and
Hart (1986), Hart and Moore (1990) and Hart (1995)). In this case
partial-enforcement contracts seem to be relevant if the investments
of both parties are highly cooperative for some realizations of ¢ but
highly selfish for others. For the implementation of an optimal partial-
enforcement contract it seems to suffice that in the highly cooperative
states trade with the outside-market compared to trade with the partner
is relatively attractive for one of the parties because they could design
the partial-enforcement contract in a way such that it only depends on
the messages of this party.

6 Conclusion

The property-rights theory of the firm provides a framework to determine the
boundaries of the firm endogenously. The property-rights approach justifies
its exclusive focus on the allocation of ownership rights by assuming that
trade between the parties is non-contractible ex-ante. This paper provides
foundations for the exclusive focus on property-rights based on the cooperative
nature of an ex-ante investment. We allow for general, message-dependent
contracts which include the possibility that the parties might want to write
a trade contract which is only enforced in some ex-post states of nature.
We consider an investment of the seller in his human capital which has an
asymmetric effect on the buyer depending on whether the buyer and the seller
trade with each other or with an outside-market: when both parties work
together the seller is sometimes able to produce a tailor-made product for
the buyer, and then the buyer directly benefits from the seller’s investment
in his human capital. Hence, under these circumstances the investment is
cooperative in the sense of Che and Hausch (1999). When the parties trade
with an outside-market this externality is not present.

When trade contracts are possible the parties can in principle specify a
trade contract in a way such that it is enforced in every ex-post state of nature.
If such a full-enforcement contract turns out to be optimal the ownership
structure of assets does not play a role for generating investment incentives
because the same full-enforcement contract is possible under each ownership
structure. In such a case the optimal ownership structure and the boundaries
of the firm(s) are indeterminate.

We allow for message-dependent ownership structures and derive three
scenarios where only one of the simple ownership structures - the same as
under the property-rights approach - turns out to be optimal: when the ex-
ternality that the cooperative investment generates is sufficiently large it is
optimal for the parties to write no trade contract at all, and, therefore, the
same ownership structures as under the property-rights approach are opti-
mal (Proposition 1). Our most novel results relate to the interaction of asset
ownership and partial-enforcement contracts in generating investment incen-
tives. We define a partial-enforcement contract as a contract which speci-
fies trade quantities and payments but which is not always enforced ex-post.
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Proposition 2 and Proposition 3 provide conditions when unconditional seller-
ownership (but not unconditional buyer-ownership) is optimal but the par-
ties also sign a partial-enforcement contract: under these conditions both
a full-enforcement contract and asset ownership alone are suboptimal. The
property-rights approach (where trade contracts are impossible) also states
that unconditional seller-ownership but not unconditional buyer-ownership is
optimal. Hence, under the conditions of Proposition 2 and Proposition 3,
if one is only interested in determining the optimal simple ownership struc-
ture, the exclusive focus on property-rights is justified and trade contracts
can be neglected. However, at the same time one is assured that in addi-
tion to seller-ownership the buyer and the seller are going to sign a partial-
enforcement contract which reduces or even eliminates the inefficiency which
the property-rights approach suggests. The absolute cost and valuation levels
play a role in this setting because, given the non-verifiabiliy of the ex-post
state of the world, they determine whether the optimal partial-enforcement
contract can be implemented.
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APPENDIX

A  Proof of Lemma 1

Step 1. As a preliminary step consider the problem of the seller when the
ownership structure and the payment are unconditional, i.e. OS (HB ,0° ) =
OS and t (6%,0°) =t V6%,05: then, (7), (6) and (4) imply that the seller
will choose his investment s?° such that:

s95 € arg max {E[t+ oS (0) + (1- OéS) @ (08,0) — a°u” (08, )] —s}-
(27)

It then follows from (A1)(iii) and (A2) that s”° satisfies the following first-
order condition:

a8, (s99) + (1- o) E[af (08,59%,¢)] =1 VOS. (28)

Step 2. We now return to the general setting. Note the following fixed-sum
game property:

REB (65,05,0) + R® (05,0°,0) = ¢ (0) V0P, v6°, V0. (29)

For some arbitrary 6,0 € © (SIC) implies that R (6) > R® (9,9',0) , and

(BIC) implies that R’ (0) > RP (¢',0,6). Combining these two observations
with (29) yields:

RS (0,0',0) <R° (0) < RS (¢,6,0) . (30)

Now assume that #' is true, and apply the same method as above to arrive
at:

RS (¢,0,0) <R’ (¢) < RS (6,0.0). (31)
Combining (30), (31), (12) and (13) implies:3°
B (0) - R (¢)
< R%(#,0,0) — R (¢',6,0') =

=’ [p(0) — ¢ (0)] + (1 —a°) [a° (0S (¢,6) ,0) —a° (OS (0’,0() ,?’)] .
32

Now, fix 8 = (s,€) and §' = (s',€). Because @° (-) is not differentiable in OS
we now derive an upper bound for the private ex-post return of the seller by

39The inequality in (32) is a well-established relationship (see for example: Maskin and
Moore (1999))
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using (32):

=S
JRJ—W) = limsup
y s'—s

oS¢, (0) + hmsup{(l —a%)-uf (0S8 (6',0),6)} (33)

< a5, (0) + (1-a5) - (50,0)
< ¢ (0) Vb,

=S B
R (92:5 (¢) <

where the second inequality follows trivially because 5 (0S,0) < @3 (SO, 0) YOS,
and where the third inequality follows from (A3) and (2). (33), (28) and
(A1)(iii) imply that the seller underinvests and that the investment incentives

are maximal when OS (6%,0%) = SO V6%,65. (33), (A3) and (28) imply that

oS (GB .03 ) = BO V6%,60° is not optimal. This proves the lemma.

B Proof of Proposition 1

The same reasoning as in the proof of Lemma 1 (see Appendix A, Step 2)
and using (12) and (14) imply for arbitrary 6 and 6':

R’ (0) - (¢) < RS (¢,0,0) — RS (¢,6,6') =
=a” [p(0) — ¢ (¢)]
+(1—e(0.,0))- (1—a°) [a°(0S(0',0),60) —a¥ (OS (¢',6).0")]
(«®,q(6',0),0) — M (o, q(6',0) ,6")]
(34)

Now, fix 8 = (s,€) and ' = (s, €). Because ¢ (-) need not be differentiable we
again derive an upper bound for the private ex-post return of the seller:

S S

% = 11m_s>upw)fs,(al)
5 (0) +
+hmsup{ (0’ 0) - [M (a®,q (¢,0),60) — (1—a)-us (0S5 (¢',6),6)]
o — o). a5 (05 (¢,6),6) )
<a®-¢,(0 ( as) a3 ( 500
< ¢ (0) ve

(35)

where the first inequality follows from (34), the second inequality follows be-
cause u° (08,0) < u? (S0O,0) YOS and o® > ((S0), and where the third
1nequahty follows from (A3) and (2).

(1) (35) together with Appendix A, Step 1 implies that unconditional seller-
ownership and e (OB .0° )=0 VOB 65 are optimal. (35) shows that the pay-
ment does not play a role for investment incentives and, therefore one can fix

t (0%,0%) =1 V62,65, (ii) o > B (SO) implies:

M, (a®,q,0) — (1 — ®) - @5 (SO,0) < 0 Vg,Vo. (36)
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(35) and (36) imply that e (6%,0°) = 1 V6”,6° is not optimal. Hence,
a full enforcement contract is not optimal. (iii) If one plugs OS (¢',6) =
BO V#',Y0 into (35) then it follows from (36) and (A3) that unconditional
buyer-ownership is never part of an optimal contract.

C Proof of Lemma 2
Condition (34) and e (67,6%) =1 V67,65 (full-enforcement) imply:

RS (¢,0,0)
S

0 (#,0),0) ~ M (05,4 (0',0) )]

R (6)-R° (0’)§R (¢',6,6) —
=a”[$(6) - 4 (6)] + [M (@

Now, fix 6§ = (s,ei) and 0" = ( ) for ¢ = 0,1. Using this notation, we
rewrite (37) for a certain € welght it with its respective probability p* and
sum over all ¢ to arrive at:

B[F (5.0 _E[R (+,0)
<a®-(8(s) - B () "
O 05 00,90 (05 00,0

Because ¢ (-) need not be differentiable we again derive an upper bound for
the expected private investment return by using (38):

E [ﬁs(s,e)] -E [ﬁs(s’,e)]

7

— gy = lnr,l sup
§ —s

< a’ - U (3)
1 o .
+lim sup { S pt - My (aS, q (0“, 91) , S, ez)}

s'—s =0

<®,(s), if a¥ >~

§—S§

(39)

Hence, for o > v* the expected private investment return for the seller is
always below the expected social return and, therefore, no full-enforcement
contract can induce the first-best.

In the following, we provide an example that a v*<max-y (€) is possible:
€

assume that e is drawn from {0, 1} with probabilities p° and p' respectively
and that g > i. Suppose that the seller and the buyer have the following cost
and valuation functions when they trade with each other:4°

C (g,s) = 10(¢)? [1 + 11+ S] : (40)
V(q,s,e)Equ[l—f—(l—e)\/l—i—s], (41)

“0Under slight abuse of notation.
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i.e. the investment of the seller is purely selfish for ¢ = 1, but selfish and
cooperative at the same time for ¢ = 0. In this case, the following critical
values 7 (0), v (1) and 4* can be obtained (these results are derived below):

0 if (@<t
OER oL =1 ad (@)
1(Q)2—3+4g if (@) > 16
0 if @< X (p°),
7= TR if X () <@?< e X (), p, (43)
if @°> L5 X (1),

where: X (po) = %po + %.

It is obvious from (43) that for a certain parameter range our Lemma
2 indeed streghtens the result of Che and Hausch (1999, Prop. 3 (i)): if
(@)? < ﬁX (p°), then v* < v (1).*' In this case, for & > v*, no full-
enforcement contract can induce the first -best, even though it is still possible
to induce marginal private returns above social returns when ¢ = 1. Note,
that both - (0) and v* are non-decreasing in g: as g gets bigger the marginal
cost savings that the seller can possibly appropriate by specifying a large
trade quantity in a trade contract become bigger since by (Al)(v) we have
Cgs < 0: only if the bargaining power of the seller is relatively large and,
thereby, the negative effect of the externality on his investment incentives is
relatively strong, no contract can induce private returns above social returns
when € = 0 and in expected terms respectively. The overall critical value ~*
is non-increasing in p°: if the probability of € = 0 is very high then even for a
relatively low bargaining power of the seller no full-enforcement contract can
induce the first-best.

Derivation of ~(0), v (1) and ~*

It follows from (40) and (41) that:

Cs (qa 3) = _5(q)2{3/1;? and V‘)‘ (qasa 6) = 5q (]‘ - 6) \/11? (44)

We use (40), (41), (1) and (2) to derive the ex-post social surplus:

$(5,00=25(1++vIT+s+s) and ¢(s,1)=2.5 ﬁl, (45)

7

and by differentiating:

— 1 _ 1
@5 (s,0) = 2.5+ 1257 and ¢, (s,1) = 1.25m+2(1+s)+m. (46)

“For example, this condition is fulfilled if p° = 0.5 and g < 0.90.
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(i) To derive v (0) and 7 (1) we substitute (44) and (46) into the condition
in (17). For € = 1 we arrive at:

L(1-k) (@)% < (1 k) S (47)

1+ 2\/14-_5 + 1+s
Since (47) has to hold for all ¢ and s we assume without loss of generality
that s = 0 and ¢ = g. Then (47) simplifies to:

16 (1-k) (@) < (1-k). (48)
Asg > i, (48) only holds if £ = 1. It then follows from (17) that:
y(1)=1. (49)

If we apply the same method in the case ¢ = 0 we can again assume s = (
without loss of generality, and arrive at:
dkqg+ (1 — k) [3 — 4(g)*] > 0. (50)

If the term in square brackets is positive for ¢ = g then (50) holds for all k.
If this is not the case, note that for a given k the left-hand side of (50) is first
increasing and then possibly decreasing in ¢ for ¢ < g. Therefore, (50) holds
for a certain k, if it holds for ¢ = . These observations finally lead to:

fo o if @%<}
7(0)_{ 23+4azf (6)2>%}' (51)

(ii) To derive v* we substitute (44) and (46) into the condition in (19).
Rearranging this condition yields:

4(1—k) (po (¢°)% + p* (ql)z) —4p°k (1 +s) ¢°

<(1-k) [2p°v31+s+p (1+s) +p' H_T11—+1—]
Vits  1+4s

(52)

It is obvious from (52) that we can assume s = 0 and ¢! = g without loss of
generality. Using this observation and rearranging (52) yields:
1

k(-8 [+ 55 (G- @) - @] 20 69
If the term in square brackets is positive for ¢° = g then (53) holds for all
k. If this is not the case, note that for a given k the left-hand side of (53)
is first increasing and then possibly decreasing in ¢° for ¢° < §. Two cases
are possible: if the left-hand side of (53) is negative for ¢° = 0 then (53) only
holds for k£ = 1. If, on the other hand, the left-hand side of (53) is positive
for ¢° = 0 then it follows from the discussion above that it holds for a certain
k, if it holds for ¢° = §. These observations finally lead to:

o if @%*<X ()
V= 16(61)(;(3)11;0111;—#_116@0 if X( ) (Q) < 1 X (po) ) (54)
1 if (@?> =X (p° ),

where: X (po) = %po + %.
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D Proof of Proposition 2

(i) It follows from our discussion above Proposition 2 that unconditional
seller-ownership in combination with a quantity ¢°© which is only enforced
when €' has been realized (i.e. e(s,e!) = 1 Vs and e (s,e’) = 0 Vs) in-
duces first-best investment incentives. However, it remains to be shown that
the message-dependent functions z (-,-) and ¢ (-,-) can be specified in a way
such that the above partial-enforcement is achieved and the resulting con-
tract [:1: (03,05) ,t (03,05) VOB, ve° e G)] induces truth-telling as a Nash-
Equilibrium at date 4 (i.e. satisfies (SIC) and (BIC)). In the following we
show that a contract exists that satisfies (BIC) and (SIC) and induces the
desired enforcement: let N be a real number: N € R. Consider the following
contract:

0S (02,6%) = 50, q(05,60%)=¢°C and t(05,05) =N Vo8 v,

e (65, 3,605 =0 Vs,VOP and e(65, s,els =1 Vs, VOB,
G
(55)

i.e. the function e (-,-) only depends on whether the seller reports € or €.

Under this contract, (BIC) is always satisfied because the message of the
buyer has no influence on the contractual outcome. It remains to be shown
that (SIC) is satisfied. Assume that €® has been realized at date 3: (SIC) is
satisfied if the seller never has an incentive to report €'. For this case, using
(12), (10), (9), (8), (6), (A4) and (55), we can rewrite (SIC) in the following
way:

N <a® \4 (qSO,s,eo) — P (SO) + (1 - aS) [C (qSO,s) +7° (S0, s)|] Vs
(56)

Now assume that €! has been realized at date 3. (SIC) is satisfied if the seller
never has an incentive to report €. For ¢ = ¢!, (SIC) simplifies to:

N >a° v (qSO,el) —abB (SO)| + (1 - as) [C (qSO,s) +a° (SO,s)] Vs.
(57)

In order for (SIC) to hold, N has to satisfy (56) and (57) simultaneously for
all s: it follows from the definition of 8 (eO,SO), a’ > p (60,50) and (18)
that the right-hand side of (56) is increasing in s. Therefore, (56) holds for all
s if it holds for s = 0. It follows from (4), (A3), (A1)(v), ¢°Y > ¢* (s*,€') and
% > 0 that the right-hand side of (57) is first decreasing and then possibly
increasing in s. This observation together with (A5) implies that (57) holds
for all s if it holds for s = 0. Substituting s = 0 into (56) and (57) reveals
that a N, such that (SIC) is satisfied, exists if V (qSO,O,eo) >V (qso,el).
Assumption (A4)(iii) implies that this is true. This proves that unconditional
seller-ownership in combination with the partial-enforcement contract (55)
induces the first-best.
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(ii) This follows from Lemma 1 (iii) and the fact that the contract in (i)
achieves the first-best.

(iii) This follows from o > v* and Lemma 2 above.

(iv) Assume that OS (03,05) = BO V6P ,v0°. Suppose that € has been
realised at date 3. It follows from o > 8 (°, BO), (18), (35) and (15) that
for OS = BO and for all §° € ©:

SR’ (BO,0°)

0s
i.e. when ¢ = €’ investment incentives are maximized by relying on the
underlying ownership structure as threatpoint in renegotiations. But this is

exactly what is underlying our derivation of ¢?°. Now suppose that €' has
been realised at date 3. Assumption (A3), g > ¢* (') V6" and (A1)(v) imply:

<uf (BO,6°) < ¢, (6°), (58)

0

@ (BO,60Y) < —Cs (g, 0") Vo' (59)

It now follows from (35), (14) and (A4)(i),(ii) that for OS = BO and for all
6.0 c ©:
SR°(BO,0")
mAs)
< (BO,s)
—liminf {e (0',01) (1-2a%)[Cs (g (9',01) ,8) + a5 (BO,s)| } (60)
s'—s
< u? (BO,s)
—liminf {e (¢',0") (1 — o) [Cs (g,s) +u5 (BO,s)]}
s'—s
< a¢, (91) — (1 — aS) Cs (qBO,s) ,

where the second inequality follows from (A1)(v) and g (¢, 91) <gve,ve e
O, and where the third inequality follows from (59), ¢?¢ > g and (A1)(v).
To sum up, (58) and (60) together with (23) and (24) imply that every
contract where ¢ (93 ,0° ) < g V8P, ,v0° € © induces underinvestment when
0S (68,0%) = BO V6P, vo°.
E Proof of Proposition 3
(i) Consider the following contract:
0S (68,05) =50, q(6%,05) =g and t(6%,0°) =N V6P Vo5,
(61)
e (03, (3, 60)5) =0Vs,V0° and e (HB, (s,el)s) =1Vs,V6°.

It follows from the reasoning in the proof of Proposition 2 (i) that the partial-
enforcement contract (61) satisfies (BIC) and (SIC). However, note that
assumption (A5) is not required for (61) to be implementable: the analogue
of (57) for contract (61) is always decreasing in s because § > ¢* (s,€') Vs.
(ii) A similar argument as for (59) implies:

a3 (80,6') < —C, (g,0") Vo' (62)
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(62) and (61) imply that unconditional seller-ownership and e (HB ,0° ) =
VOB 05 generate strictly lower investment incentives than the contract (61).

Because the optimal contract displays underinvestment this proves the claim.
(iii) It follows from (15) that o® > S (¢, BO) implies:

M, (aS, q, s, 60) < (1 - aS) ﬂf (OS, s,eo) Vge Q,Vs e S. (63)

This observation and (35) imply that, for € = €, unconditional seller-ownership
creates strictly higher investment incentives than a full-enforcement contract.
Now, we turn to the case that €' has been realized: the first inequality in (35),
(A3), (A4)(ii) and (A1)(v) imply that when €' has been realized investment
incentives are maximized by specifying a trade quantity g as threatpoint in
renegotiations. Combining these observation for € and ¢! shows that a full-
enforcement contract is not optimal.

(iv) Assume that OS (03, 95) = BO V6#5,v6°. Suppose that ¢' has been re-
alised: the argument in (iii) above shows that when ¢! has been realized invest-
ment incentives are maximized by specifying a trade quantity g as threatpoint
in renegotiations. Now, suppose that €® has been realised: o > (eO,BO)
implies that investment incentives are maximal when the underlying owner-
ship structure determines threatpoint payoffs. Combining these observation
for ¥ and ¢!, it follows from (61) and (A3) that unconditional buyer-ownership
is never part of an optimal contract.
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FI1GURES

Figure 1: The Sequence of Events

Date 1 Date 2 Date 3 Date 4 Date 5 Date 6
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