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Abstract

We investigate a long-term trade relationship in an incomplete contracts frame-
work, and compare the equilibrium outcomes in public procurement (welfare-maximi-
zing buyer) and private procurement (profit-maximizing buyer). There exist mul-
tiple trading opportunities which differ in benefits and production costs, but are
indistinguishable for the court. Moreover, the seller can make relationship-specific
investments to decrease the expected production costs of a high-quality projeczt, the
“innovation’. Given a contract-specific environment under which the optimal long-
term arrangement is an at-will contract, a first-best result can always be attained
in private procurement. In contrast, we show that public procurement may lead to
suboptimal investments of the supplier. The government’s weak ex-post individual
rationality constraint turns out to be its Achilles’ Heel: equilibrium trade prices differ
in public and private procurement, although ex-post efficient trade is realized in both
regimes. Accordingly, and in contrast to the literature, the superiority of private con-
tracting does not hinge upon a trade off between allocative and productive efficiency.
The article argues for a splitting-up of government institutions, investigates option
contracting, and shows that efficiency is restored if the court can distinguish between

both project versions.



1 Introduction

Inefficiencies in government behavior are a real-world phenomenon. The recent privatiza-
tion waves in most industrialized countries, for example, are pursued mainly as a reaction
to mismanagement of the public sector. As long as governments are assumed to maximize
social welfare, however, economic theory has difficulties to find convincing explanations
for the superiority of private as compared to public economic performance. This is not
surprising, since, under welfare considerations, a welfare maximizer should always perform
at least as well as a profit-maximizing agent. The present paper shows that this argument
may be incorrect.

We analyze an incomplete-contract procurement model in a variant of the canonical
Hart-Moore (1988) framework. A principal (which is either a profit-maximizing private
buyer or a welfare-maximizing public buyer) enters a long-term trade relationship with
a private supplier who must engage in relationship-specific investments, which increase
the expected net benefit from an innovative project whose realization is uncertain at the
beginning. The major problem the principal faces is to design a contract which induces
optimal investments.

The main difference to the Hart-Moore setup concerns the introduction of a quality-
choice problem. In line with some recent articles on the holdup problem, we assume that
the good to be traded ex post is not only undescribable ex ante, but there exist additional
trading opportunities. More precisely, we assume that there exists a lower-quality standard
project which may be realized instead of a more expensive real innovation. Since ex ante
the parties cannot describe the different projects sufficiently clearly to enable a court to tell
them apart, an initial contract can not discriminate between both projects, but can only
be contingent upon trade of any of the goods. This feature is realistic in large procurement
relationships, first of all in the weapons-acquisition process. Not only the characteristics
of a new airfighter can only roughly be specified prior to the development stage, but the
private supplier may be able to foist on the government an old design as a real innovation.
Therefore, arguments about product quality are notorious in weapons procurement. In
many cases, the government complains that the delivered good does not meet particular
quality requirements. Judicial decisions are ambiguous in this respect, which indicates
that initial contracts were not, and could not be, comprehensively written. Moreover,
the ex-post realization of large weapons systems is highly uncertain at the date when the
project is started, say for budget reasons, changes of the political situation, or because
the project’s production costs increase excessively due to further progress in R&D. If such

circumstances make the completion of an innovative military system inefficient ex post, it



may be substituted by a cheaper, less sophisticated or less innovative, alternative design.

In our framework, the existence of this ‘standard design’ and its possible efficiency of
realization are necessary conditions for inefficiencies in government procurement. While in
private procurement efficient investments can always be induced under the optimal long-
term contract, a welfare-maximizing principal may attain only suboptimal outcomes.

We are not the first to show relative inefficiency of public behavior: public choice theory
investigates this issue extensively. This literature starts from behavioral assumptions on
bureaucrats who do not maximize welfare, but instead pursue a private agenda which is
modelled, for example, as maximizing the number of subordinates or output provided by
the bureau. In a principal-agent model, Shapiro-Willig (1990) show that a privatized firm
may outperform a public enterprise if the regulator’s objective function includes particular
private goals. In such setups, government activities go hand in hand with allocative and
productive inefficiencies.

Even under the assumption of a welfare-maximizing government, however, a couple
of contributions arrive at a relative inefficiency of public economic activities. In a priva-
tization context, Schmidt (1996) demonstrates that privatization may outperform public
governance. In his model, privatization erects an informational barrier between the welfare-
maximizing government and the owner-manager. While only very incomplete contracts are
feasible before the manager exerts cost-reducing effort, complete contracts on output be-
come feasible at a subsequent stage. Hence, since the private owner-manager is privately
informed on his type when the complete contract is written, he obtains an informational
rent at the production stage, while output is distorted under the optimal adverse-selection
contract. If the enterprise remains public, the government is symmetrically informed ex
post and can enforce the ex-post optimal solution. However, since the public manager
anticipates his exploitation, he will not exert any effort at a prestage. The private owner-
manager’s investment incentives, on the other hand, are positive due to the informational
rent. This gives rise to the following tradeoff: while privatization induces ex-post inefficient
decisions but increases positive effort, exactly the opposite happens in public enterprises.

In a less rigorous way, Schmidt’s argument carries over to a situation without infor-
mational asymmetries. One may simply argue that privatization increases the manager’s
effort since he fears the profit maximizer’s hard budget constraint, that is, his commitment
to close the firm if it goes bankrupt. A welfare maximizer, in contrast, may decide to
operate the firm even if profits are negative, since his value of output includes more than
just profit. This issue has been emphasized in a slightly different context by Tirole (1994)
who argues for a splitting-up of government institutions. While a welfare-maximizing min-

ister should be in charge of the enterprise at an ex-ante stage to choose among promising



projects, ex-post renegotiations with the agent (e.g., the public firm’s manager) should be
executed by a minister with a tougher budget constraint, e.g., the minister of finance.

All these approaches, however, suffer from the requirement that a welfare-maximizing
head of government does not intervene in the private owner’s or finance minister’s ex-post
discretion. Hence, the government has to commit ex ante to accept suboptimal allocations
ez post. In the privatization example above, the government would have an interest to let
the private owner refrain from a shut-down of the enterprise in exchange for a side-payment.
If this intervention is anticipated by the agent, privatization or splitting-up of government
becomes useless.! In contrast, our paper demonstrates that an ex-ante commitment to ex-
post inefficient behavior is not a necessary prerequisite to motivate the relative inefficiency
of public contracting: independently of the principal’s objective function, ex-post efficiency
is obtained although private and public principal differ in their renegotiation habits. The
government’s softer renegotiation behavior turns out to be its Achilles’ heel in the presence
of a quality-choice problem.

As stated above, our framework is in line with some recent contributions which ex-
tend the standard incomplete-contracts procurement framework with self-interested par-
ties by introducing different project versions. Aghion-Tirole (1994, 1995), Hart (1995),
Liilfesmann (1995) and Segal (1995) suppose that these versions are not distinguishable
for the court. As in our setup, the parties’ specific investments increase the expected
net surplus from trade of one of the goods, in our context of the ‘innovation’. While
most of these articles find that one-sided efficient investments may still be attained,? they
also demonstrate that underinvestment cannot be avoided if both-sided investments are
relevant.® These findings reconfirm the outcome of Hart-Moore (1988) who demonstrated
the existence of the holdup problem in a one-good world if both parties have to invest

in specific assets. In the main part of our paper, we stick to their assumption that the

1Olsen-Torsvik (1993) investigate a dynamic adverse-selection framework where the agent produces
output in two periods, and obtain a possible suboptimality of public procurement. They assume that,
at the beginning of the first period, only short-term contracts are feasible, so that a ratchet effect arises.
Since a public principal maximizes welfare, he optimally offers a contract at the beginning of the second
period which may make it harder (compared to a profit-maximizing principal) to elicit the private agent’s
information at the first stage. Hence, their result is also driven by the private principal’s commitment to
an ex-post inefficient outcome.

2The optimal long-term contract in these settings is surprisingly simple: while Aghion-Tirole (1994,

1995) find that a contract on property rights is second-best optimal, Segal (1995) even arrives at cases

where any long-term contract is useless.
3The only exception is Liilfesmann (1995). Under the assumption of the Hart-Moore renegotiation

game, he finds that efficient investments may be attained for certain specifications of the parameters of
the model.



court can only observe if trade is realized, but cannot observe individual responsibility for
a no-trade outcome: under this assumption, Hart-Moore demonstrated that the optimal
contract is a simple at-will contract, which allows both parties to step back from trade if
they want to.

The above mentioned restatements of Hart-More’s underinvestment result in multi-
good setups are interesting since several articles showed that a particular change of Hart-
Moore’s verification assumptions make the first best achievable if only one good is present.*
No6ldeke-Schmidt (1995) proved that the first best can be achieved by the employment of
option contracts where one party can unilaterally insist on trade. Option contracts become
feasible if the court can not only monitor the accomplishment of trade, but it can verify
if the seller delivered the project. This modification makes it possible to let payments be
contingent on the seller’s delivery decision, and to solve the holdup problem by option
contracting.® The present paper compares the efficiency implications of at-will and option
contracts in our multi-quality setup, and finds a reversal of their efficiency implications.

Finally, our paper extends the Hart-Moore (1988) renegotiation game to the case of
multiple trade opportunities.® Clearly, after the state of the world has been materialized,
it may be in the mutual interest of buyer and seller to verify the characteristics of the
projects before the court. It is very plausible to assume that they can bring up enough
pieces of evidence to enable the court to learn the precise difference between the projects.
Thus, we allow the parties to verify the projects’ attributes after the characteristics of the
goods have become known, and show that this ex-post verification is necessary to enable
efficient trade of the innovation.

The paper is organized as follows. In section 2 we present the model: the sequence of
events, the specific setup and a first-best benchmark. Section 3 introduces the renegotia-
tion and verification game. We then solve the model for the case of nonverifiable differences
between the projects (Section 4) and provide a comparison of public and private procure-
ment. Section 5 examines several extensions: a split-up of government institutions, option

contracts, and the case of verifiable differences between the projects. A conclusion follows.

“In a variable-quantity setting, Chung (1991) and Aghion-Dewatripont-Rey (1994) showed that a first-
best result can be attained by ‘specific-performance’ contracts, that is, if the trade of a prespecified quantity

can be enforced by the court in the case of disagreement between the parties.
°In an extension of their model, N6ldeke-Schmidt (1995) allow for different projects. In this case, their

first-best result only holds under a very restrictive assumption; see below.
6The contributions with multi-good setup cited above usually do not specify a noncooperative renego-

tiation game, but simply assume that renegotiation leads to ex-post efficiency via Nash-bargaining.



2 The Model

2.1 Setup and Stages

There are two actors, a procurement agency and a private seller. The private seller has
been determined by means of some bidding process or, alternatively, has been directly
chosen by the government since he is the only potential seller. The procurement game
refers to the trade of one unit of an indivisible good, frequently called the ‘project’. This
project can take two different forms: first, there is a standard good 1 placed at the disposal
of the parties. Second, a new version of the good, called good 2, is developed after the start
of the relationship. The final trade concerns at most one of the goods. For convenience,
‘no trade’ will be denoted as ‘trade’ of good 0.

We assume that both agency and private contractor are risk neutral, and consider a

game with perfect and complete information. The time structure of the game is illustrated

by Figure 1.
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Figure 1

At date 0 firm and government write an initial contract. Although we suppose perfect
information of the agents, it is assumed that a third party - the court - can only observe
(1) if there has been trade or not, and

(2) whether the corresponding payments have been made.

The above verifiability assumptions, which prevent complete contracting, are made in
Hart-Moore (1988): first, an outsider like the court can hardly verify the costs and benefits
of the projects, and the same holds for the relationship-specific actions of the seller. Second,
since the court cannot observe the responsibility for a no-trade outcome, individual breach
penalties (as in option contracts) are not feasible. Hence, only at-will contracts can be
written at the beginning of the relationship, so that final trade is a voluntary decision of
both agents.

In our two-good setting, the assumptions additionally imply that the court can only
observe if there is trade of any good or not unless ex-post verification takes place at date

3. The innovative design is not yet invented when the initial contract is written and,



therefore, the characteristics of the improved project cannot sufficiently be prespecified.
Moreover, the verifiable physical characteristics of the standard project are a subset of
the innovation’s attributes, so that the court cannot tell apart the two projects. Denoting

quantities by z;, ¢ € {0, 1,2}, the courts information partition is

T = {(w0), (w1, 22) }- (1)

Given the Hart-Moore verifiability assumptions, the only ex-ante enforceable contracts
consist of a tuple (po, p;) with p; as the price to be paid if any project is realized at date 4.

After signing the contract, at date 1 the supplier can engage in relationship-specific
investments e at convex costs ¢(e). These firm investments stochastically reduce the
expected production costs ¢y of the innovation.

At date 2, nature determines the state of the world s = (vy, ¢1,v9,¢2) € S, where v;, ¢;
indicate project i’s gross value and production costs, respectively. The elements of s are
drawn from independent distributions. Let us denote a good with positive net surplus,
v; — ¢i(1 + X) > 0, a valuable project, where A > 0 is the shadow price of public funds.
Since the innovative project fits better to the government’s demand, it is natural to assume
that its gross benefit v, is always higher than v;. Moreover, it is straightforward that the
innovative project has higher production costs than the standard project. Finally, higher
value and higher costs combine so as to make trade of the innovation efficient whenever it

is valuable. More formally, these assumptions can be summarized as follows:

ASSUMPTION 1: (1) vy > vy >0,
(2) cy > cp >0,
(B)va—ca(14+A) >0 = vp—ca(l+A)>v —ci(L+A).

Hence, after the draw of nature the agents face one of the four situations A to D:
A: both basic and innovative good are valuable; trade of the innovative good is efficient
since its net value is higher;
B: only the innovative good is valuable whence its trade is efficient;
C: only the basic good is valuable and, therefore, should be traded;
D: no good is valuable; no trade is the efficient solution.

The distinction between these four cases is the driving force of our analysis. The gist
of this analysis can very clearly be shown by means of an example. A more general setting
based on Assumption 1 would in no way modify the economic message, but require unnec-

cessary mathematical complication.” The example, which we shall use in the following, is

TActually, all results of this paper remain valid under Assumption 1. While parts (1) and (2) are



described in table 1.

Standard Project (z1) Innovative Project (z3)
e benefits v; € {v,,71}, e benefits vy € {v,,Ts},

with ¢ = prob{v; =7, }. with p = prob{ve = 7y }.
e costsc =c. e costs ¢ € {¢y, G2}y

c,=c+F 6=c+F,
with p(e) = prob{F = F},
p'(e) >0, p'(e) =0.

min{Ty — G(1 + A), vy — (L + X))} > T — (1 +A) > 0> max{vy, —&(1+ A),v; —er(1+A)}.

Table 1

The assumptions of Table 1 make sure that any of the relevant cases A to D can occur.
In particular, the relations in the last line of the table guarantee that the realization of
the innovative project is efficient in every state of the world unless low benefits and high
production costs of this project appear simultaneously. In the latter case, the innovation
is non-valuable and the standard good should be produced if it is valuable (v; = 7).
Given one of the situations A to D, at date 3 the parties can enter renegotiations on
prices and verify the projects’ characteristics. Verification means that the projects’ physical
attributes are specified, which enables the court to distinguish between both goods and

hence shift its information partition from Z to Z*, where Z* is defined as

" = {(x0), (z1), (x2)}- (2)

To assume ex-post verifiability is quite natural in our setting: after the state of the world
has become clear, there exist blue prints of both versions of the project which can be
handed over to the court. Ex-post verification makes sense only if the initial contractual

terms are revised. Hence, we assume that any of the prices agreed upon at the beginning

indispensable since they imply that buyer and seller prefer different project versions, part (3) is not
essential as long as the presence of a standard good reduces first-best investments.



can be changed by mutual agreement at date 3. Furthermore, if verification is part of the
parties’ strategies, the parties can add one more trade price to the initial price tuple.
Finally, at date 4, at most one of the goods is traded if both firm and government
voluntarily agree. The corresponding payments - initially contracted or renegotiated - are
made and the game ends unless there are disputes on delivery or payments.
If such a dispute occurs at date 5, the court applies a particular decision rule to enforce
either the old or a revised contract.

As already mentioned in the introduction to this paper, in section 5 we shall analyze

several extensions of our basic setting:

(i) first, we shall relax the assumption that a single procurement agency is responsible for
the whole relationship with the seller. We propose a split-up between a department of
defense which is in charge of the project until the start of the renegotiation phase, and
a budget department which is made responsible for executing possible renegotiations
of the trade price;

(ii) second, we shall allow the court to observe who is responsible if there is no trade, and
replace at-will contracting by option contracting. This is of particular interest, since
the debate on Hart-Moore’s 1988 impossibility result concentrated on their restrictive
verifiability assumptions. In the original Hart-Moore setting, option contracts could
be shown to be superior to at-will contracts (Noldeke-Schmidt, 1995). As we shall
see, this does not hold in our setting where at-will contracts are superior;

(iii) third, we will examine the case where at the contract date the court is able to
distinguish between the two goods, that is, has an information partition Z*, whence
the ex-ante incomplete contract consists of a triple (po,p1,p2) designated for the

corresponding states of the information partition the court faces ex post.

2.2 Objectives and First-Best Benchmark

The government has a welfare objective. It maximizes the sum of consumer surplus and
the supplier’s profit, but is subject to costs of raising public funds whose shadow price is

A > 0 (see, for example, Laffont-Tirole 1986, 1993).® Hence, the government’s objective

8For a discussion of the theoretically correct consideration of shadow costs of public funds in welfare
functions see Hylland and Zeckhauser (1979), Christiansen (1981) and Kaplow (1995).



function can be written as

Ue = ¥E, {ai(v —Pi(l + X)) + [zi(pi — &) — ¥(e)]} (3)
= 22 o Ti[vi ; — Api] — ¥(e),

where p;, i =0, 1,2 denotes the final trade (or no-trade) price and z; indicates the realized

allocations. All z; are zero-one variables, however, only one of them actually takes the

value of unity. (No trade, trade of good 1, and trade of good 2 are mutually exclusive.)
The profit-maximizing supplier bears the investment and the production costs (if trade

is realized) and is compensated by a payment from the government. His utility function is
U® =X wipi — ci) — ¥(e), (4)

and his participation constraint requires U° to be nonnegative at date 0.

For later reference, we calculate the first-best benchmark of this model.
Ez-post efficiency requires (a) trade to take place if and only if this increases welfare
(i.e., a valuable project exists) and (b) that the project generating the higher net value is

realized, i.e.

i =1<= max{v; —c;(1+A),va —c2(1+X),0} =v; —c1(1+ ) (5)
ry=1<4<= max{v; —c;(1+A),ve —c2(1+X),0} = vy — (1 + ) (6)
ry =0 <= max{v; — ¢ (1 + A),ve — (1 + A),0} = 0. (7)

Note that the specific investment of the firm is already sunk at the date of final trade and
therefore does not influence the ex-post efficient trade decisions.
Ezx-ante efficiency implies welfare-optimal specific investments e*. Under the assump-

tions of table 1, the efficient investment level maximizes the concave program

maz. W = ple)u[z — (1 + )]+ ple) (1 — p)[uy — co(1 + )] (8)
+ (L= ple))ptz =1+ A)] + (1 = p(e)) (1 = p)q[or — (1 + A)] = d(e) (1 + A).

Since transfers are not welfare-neutral for any positive A\, the participation constraint of
the private contractor is binding in this program.’

9Gince the supplier’s participation constraint is binding, the investment costs must (in expectation) be
borne by the government. For this reason, the welfare function (8) must take into account the shadow
price on investment costs v(e).



The unique efficient investment level is implicitly given by the first-order condition

Colu LI qc] + pez — 2} —Pe(e’) = 0. (9)

Wile) =0 & ple) {1-pm |20

The efficient investments implicitly defined by (9) will be used as a benchmark to be
compared with the actual choice of the supplier’s investments in the equilibrium of the
game. A first-best result is established if both ex-ante and ex-post efficiency are attained

in a subgame-perfect equilibrium.

3 Renegotiation Game and Ex-post Verification

At date 3, after the state of the world has been realized, the parties can renegotiate the
initial terms of contract. We extend Hart-Moore’s (1988) renegotiation game'® by allowing

for ex-post verification of the differences between the two projects:

e Date 3 — Revision Game and Ez-post Verification
Both parties may simultaneously submit written messages to each other. These

messages can specify

(1) a physical description of at least one of the projects’ physical characteristics,
Vi; i € {1,2}, and

(2) revised trade or no-trade prices, po, py, or {p1,p2} in combination with the ex-

post verification.

If an offer verifies a good’s attributes, a revised price offer can be contingent on this
good. Messages are submitted to the other party before date 4. Their submission is

non-observable for the court.

e Date 4 — Trade Stage and Payments
At this date, both parties have to decide which (if any) good they want to trade.
We assume the following sequential structure: the seller commits to the delivery of
a good i € {1,2}, or to no delivery at all. He will agree to trade if he anticipates
acceptance of the government, and an equilibrium trade price p{ so that p§ —c¢; > py.
Having observed the seller’s decision, the government may agree or refuse to trade

10We use Noldeke-Schmidt’s (1995) version of the Hart-Moore renegotiation game. In contrast to the
original formulation where messages are submitted sequentially over a certain time interval, Noldeke-
Schmidt they assume that revision offers are sent simultaneously at a single date. This assumption sim-

plifies the analysis without changing the equilibrium outcome; see their paper.
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good 7. If the government rejects, trade cannot take place. If v; —c; —Apf > —Apy, the
government agrees. In this case, the seller produces and successfully delivers good

to the government. !

Moreover, at this date payments between the parties are realized.

e Date 5 — Dispute Game
Each party can appeal to a court if it does not agree to the payments at date 4. At
this dispute stage, each party may simultaneously reveal to the court messages it has
received from the other party. The court rules as follows: the initial contract remains

valid unless

(1) exactly one of the parties presents a message (a new contract) referring to the
trade outcome at date 4 as observed by the court (which can be no trade, trade,
or trade of good i if the revealed message includes V;);

(2) both parties present messages which refer to the physical outcome of date 4 as

observed by the court, and which are not in contradiction to each other.!?

If one (or both) of the parties presents a message which does not refer to the physical
outcome of the trade stage as observed by the court, the court considers this message

as non-existing.

4 Equilibrium Analysis

4.1 Renegotiation and Trade

We solve the model by backward induction. Hence, we start be analyzing the equilibria of
the verification and renegotiation game (dates 3 — 5). Recall from the description of the
game that at date 3 the agents alternatively face eight possible states of the world which
are grouped into one of the four possible cases illustrated in table 2 below. In this table,

Sk, k =1, ...vii1 denote the possible states of the world which nature determines under the

M Alternatively, one could think of a sequential structure where the seller actually produces a good
i € {1,2}. After a delivery of z; or s, the government decides to accept this project. If it does, physical
trade is realized. Under this sequential structure, our results remain qualitatively unaffected. See footnote
19 below.

121f one party presents an offer which contains only a new trade price p;, while the other presents an offer
(pi, Vi), these offers are not in contradiction after good i has been traded. If j has been traded, however,
(1) is relevant and the court enforces p;.

11



assumptions of table 1.

X1
9 valuable not valuable
A B
* *
Ty =1 Ty =1
valuable _ _ _
S = (02,22;1&) Sy = (UZagzaﬂl)
Siii = (Vg Co, 1) Siy = (Vg, Co, V1)
Sy = (T2, C2,T1) Svi = (T2, C2, V1)
C D
not
z] =1 x5 =1
valuable
Svii = (Vg, Ca, T1) Syizi = (Ug, C2, Uy)
Table 2

Analyzing the verification and renegotiation game, we obtain the following result:

Proposition 1: If A\ < A = (v, — ¢)/G, there ewists a unique pareto-efficient subgame-
perfect equilibrium of the renegotiation game, in which efficient trade is realized in every

state of the world. In particular,

(1) Consider the state of the world where no trade is the ex-post efficient decision (Case

D). In this case, there is no trade and py is paid from the government to the private

firm.

(2) Consider a state of the world where only one good i € {1,2} is valuable and therefore
should be traded (Cases B and C). In each of these states, i is traded at the initial
trade price as long as (v; — ¢;) /X > py — po > ¢, i.e. both parties prefer trade to no
trade. If only party j, j € {G, S}, agrees to trade of i at p;, renegotiation induces an
equilibrium trade price which makes the other party k, k # j just indifferent between

trade and no-trade.

(3) Consider a state of the world where both goods are valuable, but trade of x4 is ex-post
efficient (Case A). In these states of the world, the following results hold:

12



(a) If pr — po is so low that the seller prefers no trade to trade of both z; and
To, efficient trade of the innovation is induced via renegotiation and ex-post
verification. The renegotiated trade price makes the seller indifferent between

trade of xo and no trade;

(b) If a medium price difference p, — py induces both parties to prefer trade of x; to
no trade, then renegotiation and ex-post verification guarantee efficient trade of
the innovation. The realized trade price makes the supplier indifferent between

trade of x1 and xo;

(¢) If py — po is so high that the government prefers no trade to trade of both x1 and
To, there is efficient trade of xo. The equilibrium trade price after renegotiation

makes the government indifferent between trade of xo and no trade.

Proof: see appendix; Corollary 1 establishes the equilibrium prices.

To interpret this proposition, consider first cases B, C and D. In the corresponding states
of the world, at most one of the goods is valuable. The proposition asserts that in these
situations the results of Hart-Moore (1988) fully carry over to our two-goods setup. If
no good is valuable, it is impossible that both parties will agree to trade at any price.
Accordingly, they face a zero-sum game, and p, is paid without renegotiations. If only
one of the goods is valuable, the other good will never be traded under at-will contracting.
The voluntary-trade feature of at-will contracting ensures that the parties’ default points
in renegotiations are unaffected by the presence of this non-valuable project. In the spirit
of Hart-Moore, renegotiations occur if trade is efficient, but one of the parties refuses this
project’s realization given initial prices. The whole renegotiation power accrues to the
party which is willing to trade under the initial terms of contract.!?

Now consider case A, where both goods are valuable, but trade of the innovation is
efficient. This case is quite different from the one-good renegotiation game. In particular,
suppose that under the initial prices both parties prefer trade of x; to no trade. Then
the supplier will always deliver the standard good, since its production costs are lower.
To prevent this ex-post inefficient outcome, the government will submit a revised contract
offer including ex-post verification of 2 and a corresponding price offer p§. This offer makes
the seller just indifferent between trade of the innovation at the revised trade price, and

13This equilibrium outcome of the Hart-Moore renegotiation game is in sharp contrast to the more
familiar Rubinstein game: there, the outcome of renegotiations is unaffected by the identity of the party
which refused trade at the prespecified trade price; for an application of this bargaining game to an
incomplete-contract model see McLeod-Malcomson (1993).
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trade of the standard project. Accordingly, in contrast to the one-good setup, the seller’s
default point is shifted upward, namely to the net payoff he can accrue by delivering x;.
The uniqueness result'* of Proposition 1 rests upon the restriction to sufficiently small
shadow costs of public funds (A < A). This restriction ensures that - at the price difference
p: — po where the government becomes unwilling to accept the standard good - the seller
agrees to trade the innovation under initial prices even if production costs are high. Imagine
a higher \: then there are price differences p, —py under which, in some states of the world,
the government is unwilling to trade the standard project, while at the same time the
supplier credibly would reject trade of the innovation. Clearly, renegotiations will arise in
such a situation, but now two different equilibria may occur: first, an efficient equilibrium in
which x5 is traded, and the whole renegotiation power rests with the government. Second,
there exists an equilibrium in which the inefficient (but valuable) standard good is traded

and the seller obtains the whole surplus from trade.

4.2 Investment Choice

We can now turn to the question whether ex-ante efficiency can be achieved, that is,
whether there are prices agreed upon at date 0 which induce efficient specific investments
of the seller.

For subsequent comparison, let us first briefly sketch the solution in case of private
procurement, where the buyer maximizes profits.!> In private procurement, the solution
of the renegotiation/trade game differs from the exposition in the last subsection. The
buyer’s profit maximization changes the set of situations in which renegotiation actually
occurs, but not his renegotiation behavior. Therefore, the spirit of proposition 1 carries
over to private procurement: if one of the parties does not agree to trade the efficient good
under the initial prices, the other party has the whole renegotiation power. Now, consider
a price difference p; — py > T,. Since the private buyer’s ex-post objective function is
UB = v — p, he will not accept any good under the initially contracted terms of trade.
Accordingly, the seller has to submit a renegotiation offer to make trade possible, and the
best he can do is to make the buyer indifferent between trade of the innovation and no
trade. Therefore, his optimal offer specifies the innovation if trade of x5, is efficient, and a
new trade price is p; = po+v; if good i € {1,2} is the ex-post efficient, project. Since these

MGince the party without renegotiation power is forced down to its no-trade payoff, there exists an
additional no-trade equilibrium in which this party submits an offer to prevent trade. This equilibrium

outcome, however, is pareto-dominated and therefore neglected. See appendix.
15This is the focus of Liilfesmann (1995) who analyzes one- and both-sided investments for a profit-

oriented buyer.

14



prices are realized in equilibrium, it is easy to see that the seller’s investment incentives
are optimal: up to the constant py he obtains the whole surplus from trade, as well as the
whole marginal benefit of his specific investments. Hence, we can state the following result
which will serve as a benchmark for comparison with the equilibrium investments in public

procurement:

Proposition 2 (Lilfesmann 1995): In private procurement, if only one-sided invest-
ments are relevant, a first-best result is always attained in the unique undominated subgame-

perfect equilibrium of the game.

Let us now turn to public procurement. Consider an arbitrary ex-ante contract (po,p;).
(k)

Employing Proposition 1, let p;

traded (for convenience, we will restrict ourselves to the undominated efficient equilibrium

be the final trade price in state k£ given that good j is

outcomes). Inserting this subgame-perfect continuation of the game, the firm’s program

at date 1 can be written as

max, U° = p(e)u [q(pgi) — ) + (1 - Q)(pgi) - 22)]

+ ple)(1—p) [apy™ — ) + (1 = ) (P8 — )]

+ (1= ple)u[a@s” =) + (1 - (8" — 2] (10)
+ (1= p(e)(1 = p) [a(p"™ =) + (1 = q)ps |

— Yle).

The necessary and sufficient first-order condition of this program has a unique solution
e®, which is implicitly given by
U2 =0 < pe(es){ p [q( Y =)+ (1) (08 - pi)]
+ ) [a@8™ = ™) + (1= q) (0 = po)] (11)
+ (1—u)cq—@+/@}
— P(e”) =0.

Obviously, e is a function of the final prices which in turn depend on the initially
contracted prices py and p;, as shown in Proposition 1. Comparing (11) with equation (9)
which determines the welfare-optimal investments, one immediately arrives at the result
that e° = e* if and only if

A= pla@d —p5) + (1 —q) 05 — pi")]

+ (1= p) [qs™ = ™) + (1= @) (5" = po)] (12)
! Vg — qU1
= (1—p)=—-"F—"=4"

(L —=n) =
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4.2.1 No Shadow Costs

Let us first investigate the special case A = 0.'® Analyzing (12) under this assumption, we

can state the following proposition:

Proposition 3: Let A = 0. Under at-will contracting, the following results are obtained:

(a) if the standard good is non-valuable with positive probability (¢ < 1), in the unique
undominated subgame-perfect equilibrium the first best is achieved; the optimal con-

tracted price difference is monotonically increasing in q;

(b) if the standard good is valuable in every state of the world (¢ = 1), there is no ex-ante

contract which induces the firm to invest at all into relationship-specific assets.

Proof: see appendix.

The intuition for these results is as follows. If there are negligible shadow costs of public
funds, the government accepts the delivery of the standard good at any price if it is valuable.
Hence, if ¢ = 1, the seller can always successfully trade x; at the initially contracted trade
price, and has an interest to deliver the cheaper standard project even if trade of the
innovation is efficient. Accordingly, in such states of the world, renegotiation is necessary
to make efficient trade possible. Since the government agrees to both trade of x; and of
2o under the initial prices, it has all renegotiation power in the Hart-Moore renegotiation
game, and the seller’s net payoff is max{py, p;—c} independent of nature’s draw. Hence, his
payoff is invariant with regard to the level of specific investments, so that the equilibrium
investment level must be zero.

Note that ¢ = 1 is very likely to occur in practice. Think of z; as a good which is
produced by a reliable standard technology, whence v; > ¢; has been established for a
long time. Then, it is clear that governments strictly prefer the ongoing realization of this
standard project to a termination of trade.

In contrast, for any ¢ < 1, there is a positive probability that the standard good is non-
valuable and delivery of this commodity will not be accepted by the government. In this
case, the incentives of the firm are a strictly and unboundedly increasing function of the
initially contracted price difference p, —po. By an appropriate choice of the initial contract

16We assume that in this case the government has a lexicographic preference ordering with respect to
allocative efficiency and monetary payments to the firm. This is equivalent to the government’s objective
function (3) if A — 0.
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efficient investment incentives can be guaranteed, because the firm fears the possibility of
no trade in case of high production costs.!”

It is important to recognize that the underinvestment result for ¢ = 1 stands in sharp
contrast to the previous formalizations of the holdup problem in the one-good world. In
the standard framework, one-sided efficient investments can always be induced even if only
the property rights can be specified in an initial contract (Grossman-Hart (1986)).'8

A serious objection to the underinvestment result of Proposition 3(b) could be the fact
that it strongly exploits the assumption of negligible shadow costs of public funds. Clearly,
governments are often concerned with the level of expenditures which have to be spent
for a project. The presence of positive shadow costs, however, guarantees the existence
of ex-ante contracts under which the government - in the same way as a private buyer -
can credibly commit not to accept the standard project even if it is valuable. This more
realistic scenario is the focus of the next subsection.

4.2.2 Positive Shadow Costs

Does the negative result of Proposition 3(b) disappear if the government faces nonnegligible
shadow costs of public funds? For a positive A, the government’s value of each dollar
paid to the supplier is —A. The government agrees to trade a valuable good i only if
v; —¢; > N(py —po). For this reason, it is obvious that it now can commit to reject valuable
trade if the trade payment is too high. Since prices count in the government’s objective
function, the objectives of private and public buyer are more closely aligned. Hence, one
should expect that - as in the case of a private buyer - an optimal adjustment of the
prespecified payments can always induce optimal investments of the firm for any ex-ante
probability that the standard good is valuable. However, this intuition may be misleading

as is shown in the following theorem.

Theorem 1: Assume A > \ > 0. If uF > F, there exists a nonempty interval of q-values,
[G,4],q > G, where efficient investments in public procurement cannot be attained by any
ex-ante contract. In this range, the second-best optimal contract induces either under- or

overinvestment.

Proof: see appendix.

17An increase in ¢ diminishes the equilibrium probability of no trade, so that the ‘incentive difference’
(pt — po)* must be an increasing function of g.
18For a welfare-maximizing buyer, in a one-good setting Bos-Liilfesmann (1996) arrive at a first-best

result even in the general case of two-sided investments. This positive result requires the assumption of
vanishing shadow costs of public funds.
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The theorem asserts that, under some technical conditions, there exists a nonempty interval

of ¢ in which efficient investments are not feasible. Figure 2 below illustrates the seller’s

equilibrium investments depending on the initially contracted prices for ¢ > ¢ > ¢.

e’ S

"
|/

(Pt — po)
b:= (1 —c¢)/A

Figure 2

The figure demonstrates that the critical price difference is b := (v; — ¢)/\, where the

government ceases to accept delivery of the standard good under the initial prices. At this

price difference, there is a discontinuity in marginal and in absolute investment incentives.

The reason is as follows:

(i)

at low price differences (p; — pg) < b, the government is always willing to accept
trade of the standard good at the initial prices. Hence, if trade of the innovation
is efficient, the government must submit a renegotiation offer p§ = (p; + F, V%) to
make the seller indifferent between trade of both projects. As long as ¢ < ¢, efficient
investments can be generated by an ex-ante contract with (p, — po)* < b; if ¢ > ¢,

underinvestments are induced.

at high price differences (p; — py) > b, the government is unwilling to trade the
standard good at the initial prices. In that case, the innovative good is traded at
the initial price p; (instead of p, + F for p; — py < b). Since the firm now cannot
recoup the higher production costs of the innovation via renegotiation, its investment
incentives sharply rise at point b. For ¢ > ¢, efficient investments can be attained by

an ex-ante contract where (p; — po)* > b; for lower ¢, overinvestments are induced.
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Summarizing, when ¢ € [g, ¢, the government is caught between Scylla and Charybdis, i.e.

it has only the choice between underinvestment or overinvestment in specific assets.

Theorem 1 implies the following corollaries:

Corollary 2: limy_o § = limy_o § = 1. For A\ — 0, the interval [G, G| converges to the

point ¢ = 1, whence the result of Proposition 3 is replicated.

Corollary 3: Both G and q are strictly larger than zero. If ¢ = 0, or, alternatively, if the

standard good does not exist, efficient investment can always be attained.
Proof: see appendix.

The limit result of Corollary 2 is important, since it makes private and public procurement
directly comparable. In a strict sense, efficiency requires different investment levels in
private and public procurement, since the government has to take into account the shadow
costs of public funds. For A — 0, however, this difference becomes negligible while the
welfare loss resulting from the distortion of investments in public procurement is non-
marginal.

Corollary 3 is in line with the previous literature on the holdup problem, especially
Grossman-Hart (1986) and Hart-Moore (1988): as long as no (valuable) alternative trade
opportunity exists, one-sided first-best investments can always be induced by a proper

choice of ex-ante prices.

Let us summarize the results of this section.!® Combining Propositions 2 and 3 and The-
orem 1, we obtain the following Theorem 2 on the comparison of private and public pro-

curement:

Theorem 2:  Assume that only the seller has to invest in relationship-specific assets.
A first-best result can always be attained in private procurement. In contrast, in public
procurement there potentially exists a nonempty interval [§,q| in which only a second-best
optimal result can be attained. If X = 0, no investment incentives can be given to the firm
if the standard good is valuable in every state of the world. If ¢ = 0, or if a standard good

does not exist, a first-best result is always feasible even in public procurement.

YTLet us briefly sketch the outcome under a trade structure where the seller can produce (i.e., sink
production costs) prior to the government’s acceptance decision: for vanishing shadow costs, no investments
can be induced for any ¢ € [0, 1], since the government now accepts even a non-valuable standard good
(the production costs are already sunk, and v; > 0). Hence, unless trade of z; is efficient, renegotiation is
necessary to prevent an ex-post inefficient outcome. The reader will verify that the government holds the
renegotiation power, so that the seller’s payoff is independent of investments. For A > 0, one can show
that the results are qualitatively identical to those of Theorem 1.
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The theorem establishes that private is preferable to public procurement due to the more ef-
ficient provision of relationship-specific investments. It contradicts the outcome of complete-
contracting models, where welfare never decreases if a profit maximizing principal is re-
placed with a welfare-maximizer.?’ In contrast, some existing incomplete-contract models
demonstrate the superiority of private contracting. This conclusion, however, rests on
additional asymmetries between the two cases beyond the differing objectives of both prin-
cipals. Shapiro-Willig (1990) and Schmidt (1996), for example, assume that privatization

2L This informa-

generates an informational barrier between the regulator and the firm.
tional asymmetry after privatization prevents an ex-post efficient outcome and generates
investment-enhancing quasi-rents of the agent. While the assumption on a correspondence
between ownership rights and informational flows may be reasonable in practice, our result
shows that a mere change in objectives suffices to motivate a welfare-dominance of private

over public contracting.

5 Extensions

5.1 The Virtues of a Multiheaded Government

The result of the preceding section can be used as the basis of a policy recommendation in
favor of a splitting-up of government authorities in the case of procurement issues. Recall
Tirole (1994): the author deals with the regulation of a public enterprise, where the firm
at a first stage can sink some nonmonetary investment in order to increase the benefits of
subsequent production. If there is a monolithic welfare-maximizing government, the firm
frequently will not invest even if this is efficient since it anticipates the government’s soft
budget constraint: after high production costs are realized, the government will forgive the
poor performance for welfare reasons and realize the project. However, this changes if the
regulatory duties are split up between, say, the spending minister and the finance minister.
If at the second stage the public enterprise is governed by the finance minister who takes
his decision on the basis of an observable monetary fraction of the total benefits, the budget

constraint is hardened and higher investment incentives are given to the firm. As Tirole

20Gee, for example, De Fraja’s (1993) privatization model. In his adverse-selection framework, a welfare-
maximizing principal always demands higher production. Accordingly, the marginal benefit of inducing
higher relationship-specific investment is increased compared to the case of a private principal. If the
shadow costs of public funds converge to zero, even a first-best result can be attained by the well-known
Loeb-Magat mechanism.

21Shapiro-Willig employ the further assumption that the public owner/regulator is malevolent, i.e. pur-

sues a private agenda.
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notes, his result rests on an important assumption: the benevolent prime minister must
credibly commit not to intervene after high production costs are realized although such an
intervention would be welfare-enhancing from an ex-post view.

In our case, the procurement process would have to be split between, for example,
the department of defense (the ‘spending ministry’) which is in charge of the weapons
procurement project until the start of the renegotiation phase, and a budget department
(the ‘finance ministry’) which is responsible for possible renegotiations of the trade price.
If the objectives of a private buyer are assigned to the budget department, the government
can reproduce the first-best result of private contracting.?? In contrast to Tirole’s split-
up of a regulatory decision, there is no need for an ex-ante commitment of the welfare-
maximizing ‘prime-minister’ in our setting. This guarantees the independence of the budget
department. Since an ex-post efficient result is always attained, there is no incentive for

the prime minister ex post to interfere in the budget department’s discretionary power.

5.2 Option Contracts

Under option contracts, the option holder can unilaterally insist on trade under the initial

23 We will show that option contracts are strictly dominated by at-will

contract terms.
contracting if the court ex-ante is unable to distinguish between different design features.
This outcome is in contrast to Noldeke-Schmidt (1995) who attain the opposite result in a

setting without (essential) verifiability problems.?

Proposition 4: The unique undominated SPE under option contracting is ex-post effi-

cient. However, the supplier never provides relationship-specific investments.

Proof: ex-post efficiency can be proved along the lines of Proposition 1; the proof for the

no-investment result is sketched below.

The intuition for this result is equivalent to that of Proposition 3(b). Assume, for example,

that the option contract assigns to the seller the right to supply some good at price p,

22Note that the merits of multiheaded government become even more obvious in a variable-quantity
model: in general, a private buyer will order a different quantity than the government. Accordingly, the
spending ministry should decide on the quantity to be produced.

23Tn order to make option contracts feasible, we must modify the verifiability assumptions of Hart-Moore

(1988) from which we started in subsection 2.1 above: the court has not only to observe if there has been
trade or not and whether the corresponding payments have been provided. He additionally has to observe

if the seller delivered the good to the government.
24The main part of the paper is concerned with a one-ggod world. The authors assume that there exists

at least one good which can verifiably be described ex ante, and whose value can sufficiently be influenced
by specific investments. In our context, this assumption would imply verifiability of the innovation.
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or not to supply and receive pg. Assume p, — pg > c¢. Unless renegotiation occurs, the
seller will always deliver the standard good. Hence, if trade of the innovation, or no trade,
is the ex-post efficient decision, the government will submit a renegotiation offer which
makes the seller indifferent between trade of the standard good and his profit under the
ex-post efficient allocation. As in the case of at-will contracts when A = 0 and ¢ = 1,
the seller’s net payoff is p; — ¢ independent of the realized state. Clearly, for a low option
price p; — ¢ < pyp, the seller will never exercise his option. Again, the government holds the
renegotiation power, and the supplier’s profits are independent of his investment level.
To summarize, under option contracting the seller’s rent hinges only on the ex-ante
contracted price difference p, — po. Given this price difference, the firm achieves the same
net payoff in all states of the world, which implies that it has no incentive to decrease
the probability of the no-trade outcome by reducing the expected production costs of the
innovation. The inefficiency result of Proposition 4 is attained even if the basic good is
never produced in equilibrium, i.e. if ¢ = 0. The mere possibility to deliver this good

under option contracting is sufficient to destroy all investment incentives of the seller.?

5.3 Verifiable Project Designs

Finally, we will deviate from our previous assumptions on the information structure and
assume that ex ante the parties can specify both projects sufficiently clearly, so that ex post
the court is able to tell them apart. In this case, an enforceable (at-will or option) contract
can be contingent on the three verifiable events ‘no trade’, ‘trade of the standard good’
and ‘trade of the innovation’ with prices (po, p1,p2). Accordingly, at date 0 the parties
have one more instrument to achieve efficiency.

It is easy to demonstrate that this additional variable is sufficient to overcome the
holdup problem. Imagine p; < pg 4+ ¢ has been initially contracted. In this case, the
seller will never deliver the standard project unless upward renegotiations occur. Notice
the difference to an environment where the court cannot distinguish between the projects:
while now by an appropriate choice of the price difference py — py the seller’s investment
incentives can be optimally adjusted?® independent of ¢, this was not feasible if the goods
cannot be specified in advance. The same argument holds if option contracts are employed.

Under a seller’s option and given p; —py < ¢, the supplier will exercise his option to deliver

25Tt should be emphasized that in the absence of ex-post verifiability under option contracts the in-
novative good will never be traded under option contracts, whereas under at-will contracts trade of the
innovation is an equilibrium outcome in states where the standard good’s net value is negative.

26The optimal contract is characterized by @ > (pa — po)* > ¢,; see appendix.
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the standard good under the initial terms of contract. Hence, his investment incentives are
determined only by the choice of the second price difference ps — py, and they are strictly
and unboundedly increasing in this variable.

The following proposition summarizes our discussion.

Proposition 5:  When the court ex ante can distinguish between the different types of

projects, a first-best result is generated under both at-will and option contracting.
Proof: see appendix.

While this efficiency result is not surprising, it is a necessary last step of our argument:
whenever, in the main part of the paper, the government was unable to induce efficient
investments, this did not hinge on the mere existence of additional trade opportunities,
but on the parties’ inability to specify projects in advance.

Note that, under the optimal contract, the seller receives a production rent if and only if
the innovative project is actually realized ex-post. If a low net value of this project version
makes it non-valuable, there may be trade of a standard version, but the supplier receives
only his production costs - and hence incurs an overall loss from the trade relationship. This
negative profit is necessary to induce him to invest efficiently: in the words of Rogerson

(1989), a prize is paid only if inventory effort has come to a good end.

6 Conclusion

The article demonstrates a relative inefficiency of public as compared to private contracting.
This main result is surprising since it has been derived under the assumption of a welfare-
maximizing government, and does not utilize any ex-ante commitment of the government
to accept an ex-post inefficient behavior.

We start from a standard incomplete-contracting procurement model a la Hart-Moore.
However, in contrast to their approach as well as to most of the subsequent literature on
organizational structures and the holdup problem, we introduce a quality-choice problem.
Under two preconditions, suboptimal investments can arise in government contracting:
first, the realization of a ‘standard project’ is efficient with positive probability; second, in
the initial long-term contract the parties are not able to specify the differences between
the standard good and a real invention.

In contrast, efficient investments can always be attained if the principal is a private
buyer. Hence, the article sheds light on the mechanisms which may induce a superiority
of private activities: a profit-maximizing principal can better commit himself to a tougher

renegotiation behavior than a government even if the ex-post allocations are identical,
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which improves both the principal’s bargaining position in renegotiations, and enables a
continuous choice of the agent’s (the seller’s) equilibrium investments.

Interestingly, the welfare properties of at-will and option contracts are reversed if a
quality-choice problem is brought into play. While at-will contracts can protect the govern-
ment from accepting low quality, option contracts cannot prevent the seller from delivering
‘lemons’ to the government.

Finally, our results suggest that a split-up of government institutions may be welfare-
enhancing. If the duties in the procurement process are divided between different branches
of government, namely one minister who decides on the start of a project and the quantity
to be ordered, and a second one who is in charge if renegotiations occur, the underinvest-
ment problem can be resolved. Given this institutional structure, the equilibrium outcome
is welfare-optimal ex post.
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Appendix

Proof of Proposition 1:
The following corollary completely summarizes the trade prices in the unique undominated

subgame-perfect equilibria of the renegotiation/trade stage:

Corollary 1: Let A < (07 — ¢1)/¢2. Under at-will contracting, ex-post efficiency is attained
as the unique undominated SPE of the Renegotiation/Trade game, if necessary by verification
and renegotiation of ex-ante contracted prices. The corresponding unique equilibrium prices and

allocations are as follows:

(A) vo—ca(L+A)>v1—c(14+)X) >0 29 =1=13,

e = { maz{p; + F,po + c2} if pe—po < (U1 —cr)/A
2 man{ps, po + (v2 — c2) /A} if pe—po > (U1 —c1)/A,

(B) va —ca(14+X)>0>0v; —ci(l+A) & 29 =1=12x3
Py =

{ maz{ps, po + c2} if pe—po < (v2 —2)A
po + (v2 —c2) /A if pe—po > (v2 —c2)/A

(C) vi —c1(14+A) >0>v—co(l+X) & 21 =1=uz7,

= { maz{ps, po + c1} if pr—po < (U1 —c1)/A
po+ (U1 —c1)/A if pe—po> (U1 —c1)/A

(D) maz{vy —ca(l + A),v1 —c1(l+A)} <0 & 29 =1=z, p§ = po,

where p§ is the equilibrium price if good i is traded.
The proof of Corollary 1 and Proposition 1 calculates equilibrium allocations and transfers in

each possible state of the world given the initial terms of contract (pg,p).

Case D: zj =1

Trade of a good 7 under at-will contracting requires an equilibrium trade price p§{ which meets
the condition (v; — ¢;)/A > p§ —po > ¢;. Since v; < ¢;(1+ N), i € {1,2}, this price does not exist.
Hence, since the parties face a zero-sum game at date 3, o = zj = 1 is the unique equilibrium
allocation, and pg is paid from the government to the seller.

Cases B, C: zf =1 and v; < ¢j(1+ X),j # i

First, note that the possibility of ex-post verification is irrelevant here: since the non-valuable
good j can never be traded under at-will contracting, verification does not substantially enlarge
the parties’ strategy spaces. We begin by considering the case

Vi — Cj

A

> Pt — Po = G, (13)
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such that both parties prefer trade of i to no-trade under the initial terms of contract. Since
each party can refrain from submitting any offer, and does not have to reveal received offers
to the court, there is no room for renegotiation. Hence, the unique equilibrium allocation is
z; =z} =1, and z; is traded at a price p;. Now, assume initial prices where (13) does not hold.
Then, exactly one of the parties is not willing to trade z;, so that trade requires renegotiation.
Assume that the party k& which is unwilling to trade submits an offer proposing a revised trade
price pf, where (v; — ¢;)/\ > p¥ — po > ¢;. Imagine trade of i at date 4. Then, the receiver of
the message will never reveal p¥ to the court, since p; > pf for k = S, and p; < pf for k = G.
Since the proposer was not willing to trade x; at price p;, this result contradicts equilibrium
trade at date 4. Therefore, a necessary condition for trade is a revision offer of the party which
preferred trade to no trade under the initial prices. Consider an offer p! of this party [ # k where
(v; — ¢i)/A > pl —po > c¢;. Imagine trade at date 4. Then, receiver k£ can (and will) reveal
I’s offer to the court in case of dispute, and p! is enforced. Since k (at least weakly) agrees to
trade z; to no-trade, in equilibrium trade is realized at date 4. Moreover, [ will submit the most
favorable offer, which makes & just indifferent between trade and no trade, i.e. pi' = py + ¢;
if | = G, and p}' = py + (v; — ¢;)/\ if | = S. Consider I's optimal offer as specified above:
given this offer, k£ cannot submit a counteroffer which increases his equilibrium payoff. To check
this, one must recognize that [ always has the option not to reveal pf to the court, so that his
minimum equilibrium payoff is determined by p,lf. This proves the existence of an equilibrium
where z; = 27 = 1 at an equilibrium price p§ = pz‘l.

Remark: Note that there exists a second, but pareto-dominated equilibrium where no-trade is
realized: since party k is indifferent between trade and no-trade in the unique trade-equilibrium,
he may submit an offer pf which prevents trade, and gives k the same net payoff pg as in the
trade equilibrium above.

Case A: x5 = 1,01 —c1(1+X) >0

In these states of the world, both goods are valuable. The proof demonstrates that ex-post
verification will be a necessary requirement to make efficient trade of the innovation possible.
First, consider (vy —c2) /A > pr —po > c2, so that both parties prefer trade of z to no-trade. We
must distinguish between two subcases:

(a) (v1 —ec1)/A > pr—po > c2, i.e. the government even prefers trade of x; to no trade under
the initial terms of contract. In this case, the seller can always successfully deliver the cheaper
standard project,?” and trade of x5 requires a revision offer submitted by the government. The
most favorable revision offer is (p3¢ = p; + F, V5), which makes S indifferent between trade of z;

under the initial prices, and trade of 2y at p5©. Since S cannot attain a higher payoff, o = 23 = 1

270One may think that G' can prevent this option by submitting a revision offer p&’ > (v; — ¢;)/A, and
hence credibly commit not to accept delivery of x;. S, however, can respond by an offer (pf < pg, V1).
Given this strategy combination, both parties have a dominant strategy to reveal the received messages
to the court after trade of z1, and p; is enforced since the court observes conflicting evidence.
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in the unique (undominated) equilibrium, and the equilibrium price is p3©.

(b) pr —po > (v1 — 1)/ A > ¢2, i.e. G will not accept delivery of ;. Again, the parties face a
zero-sum game at date 3, and xy = x5 = 1 at the initial trade price p; in the unique equilibrium
of the game.

Second, consider (vg — ¢2)/A > c2 > pt — po. Two subcases have to be distinguished: (a)
pt—po > c1,i.e. S credibly rejects delivery of zg9, but prefers trade of z; to no-trade. In this case,
the analysis is identical to the one above, i.e. the government offers (p5“ = p; + F, V5) which is the
equilibrium trade price in the unique (undominated) equilibrium of the game. (b) p;—po < ¢, i.e.
S prefers no-trade even to the delivery of z;. Here, it is easy to check that the government’s best
offer (p§ = po + c2, V) is the equilibrium trade price in the unique (undominated) equilibrium.

Third, assume (ve — ¢2)/A > pr —po > (v1 — ¢1) /A, so that G accepts delivery of xg, but not
x1, under initial prices. By our assumption A\ < (U; — ¢1)/C2, we know that p; — pg > €2 in this
case, so that S is always willing to deliver x5 at p;. Hence, the parties face a zero-sum game, and
x2 = x5 = 1 at the unique equilibrium price p;.

Finally, assume p; —py > (v2 — ¢2) /A, where the government is not willing to accept any good
at price p;. Hence, S will submit a revision offer (p5° = pg + (v2 — ¢2)/\, Vo) which guarantees
efficient trade and is the equilibrium price in the unique (undominated) equilibrium of the game.
O

Proof of Proposition 3, Theorem 1, Corollary 2, Corollary 3: The proof constructs and

examines the feasible ex-ante contracts.

(1) pt —po <ci.
By corollary 1, if trade of good i € {0,1,2} is ex-post efficient, the equilibrium price is
pS = po + ¢;. Inserting these prices into (11) obviously yields zero incentives of the firm,

since its net payoff is py in all states of the world.

(2) co >pr—po > ci.
(4) (did) (i1) (iv) (v)

Here, we have py” = py" =p,+ F, py” =py"” =po+cy, py’ =pi+F, pgvz) =po+C2
(vig)

and p; ' = p;. Inserting into (11), we obtain once again zero equilibrium investments: the
supplier realizes a production rent p; — ¢; with probability ¢, which is independent of the

firm’s investment decision.

(3) € >pr—po > co.

At these prices, the firm’s production rent depends on the innovation’s production costs.
Corollary 1 yields pgl) = pgm) =p+F, Pgm) = pé“’) = Pt pé”) =p+F, pgm) = po + ¢ and

(vii)

p; | = p;. Inserting these prices into (12), we obtain the following condition for efficient
investments:
vy —qU1 7
AT = 21 T L) = —po)(l =) +gF — pF — (1 = g)uey = A. (14)
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Defining the function S = A — A* as the excess investment function of the firm, we have
05/0(p; —po) = (1 —¢q) >0 and
05w
dg 14+

) v
(I—p)+erp+F—(pr—po) <0 iff pt—po>1+—1>\(1—u)+cm+ﬂ (15)

If ¢ = 0, the optimal (p; —po)* = (1 — u)vy + pco meets the condition above. Hence, since
05/0q < 0 and 9S/9(pr — po) > 0, (pr — po)* must increase in ¢q. At the upper bound of
the interval (3) we are dealing with, p; — pg = Co, and efficient investments are feasible for

all ¢ smaller than

(@2 —0y/(L+ N)(L —p)
Fto(l—p) —v1(l—p)/1+XN-F

¢ (S=0,pp —po=7¢2) = (16)

where 0 < ¢* < 1 by assumptions made in table 1. We can conclude that the first-best

investment level is feasible as long as ¢ < ¢* < 1.

(U1 —c1)/A > pi — po > Ca.

Corollary 1 implies pi’ = pi™ = p, + F, pi"” = pi™ = p{"” = pi, pi” = py + F and
pgvu) = p;. Inserting these equilibrium prices, the efficiency condition (12) becomes
* Vy — qU1 o
A :ZIT(I—M):(pt—po)(l—q)(l—,u)+qE_qMF:A_ (17)

Again, defining S = A — A* as the excess investment function of the firm, one immediately
obtains 05/0(pr —po) = (1 —¢)(1 —p) > 0 and
95 _ —(py — po — U1
og ~ TP TIEN

)1 =)+ E—uF <0 (18)

by the assumptions made in table 1 (note that 71/(1+ ) < vy/(1+X) —F < F +¢; — F).
At the lower bound of this interval (4) we have p; — py = €2, and the excess investment
function §' is again zero for ¢ = ¢*. Since § is decreasing in ¢ for any initial contract,
and increasing in the price difference, we have to calculate the threshold level ¢ generating
S(¢,pt —po = (U1 — c1)/A) = 0 at the upper bound of the interval. After some algebraic

manipulations, we obtain

. (31— en)(1+) = Ausl(1 =) 1)
(@ —en(T+2) = AL =)+ [iF — ET+ )

Under the assumptions of table 1 and on A, the nominator is positive. Hence, a sufficient
condition for 1 > ¢ > 0 is
MF > F. (20)

This condition will become crucial in what follows. To summarize, efficient investment
incentives can be induced for all g € [¢*,¢]. For ¢ < g < 1, underinvestments are realized

in the considered interval (4).
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(5)

(U1 —e1)/A <pr—po < min{(V2 — C2)/A, (vg — o)/ A}

Under these initial contracts, the subgame-perfect equilibrium prices are pb = p% = pi =
Py = pY = p4 = po and Pt = (U; — c1)/A\. After inserting these prices into (12), the
efficiency condition becomes

v —C

A —_
)\

1+ A

(1=p) = A =p)lp2—po) —q ]=A. (21)

Examining this condition, we observe that the investment excess function is increasing in
the price difference. Moreover,

85_ v —C U1

] <0. (22)

Hence, excess investment decreases in ¢ for any ex-ante prices in this interval. Let us
investigate the lower bound of the interval (4), and calculate S(¢,p; —po = (U1 —c1)/A) =

0. Solving for the threshold level ¢, we arrive at

(51 — 01)(1 + )\) — vy
(U1 —c1)(1+X) — Aoy’

q= (23)
where 1 > ¢ > 0 under the assumptions of table 1 and on A. Accordingly, we obtain
overinvestments for any ex-ante contract in the considered interval as longas 0 < g < ¢ < 1.
Note that ¢ > ¢ if and only if (20) holds. Therefore, at the lower bound of the interval (4),
the equilibrium investments jump upwards. Hence, for any ¢ € [q, 4], efficient investment
incentives cannot be induced by any ex-ante contracts from price intervals (1) to (5).
Moreover, it is easy to see that § — 1,§ — 1 as A — 0, i.e. the overinvestment, resp.

underinvestment, ranges converges to the point ¢ = 1 for vanishing shadow costs.

Finally, for the intervals starting with a price difference p; —py > min{(vy — ¢5), (U2 —C2)},
equilibrium investments are increasing in the ex-ante contracted price difference. Moreover,
since incentives are continuous at the lower bounds of each of these intervals, we have proved
that that efficient investments can only be obtained as long as g € [¢, ], or if (20) is not

valid.

To conclude, efficient investments are attainable unless ¢ € [, ¢] and (20) jointly hold. If A = 0,

only intervals (1)-(4) can occur. Since equilibrium investments in these intervals are strictly

increasing in (p; —po) as long as the standard good is non-valuable with positive probability (¢ <

1), ex-ante efficiency is always feasible. If ¢ = 1, however, (17) shows that investment incentives

are zero for any initial contract, which proves Proposition 3. Finally, note that min{g, ¢} > 0 as

long as (20) is valid, which proves Corollary 2. O

Proof of Proposition 5: We have to show that there exist ex-ante contracted price triples

(po, p1, p2) which support an ex-ante efficient outcome. Again, equation (12) provides a necessary
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and sufficient condition for ex-ante efficiency. Assume that the initial terms of contract specify
p1 — po < c1. Note that for these prices, the seller is unwilling to deliver the standard project,
which holds under at will- as well as option contracting. Accordingly, if trade of the standard
project is efficient, in equilibrium there is upward renegotiation of the final trade price which
becomes pgvii) = po + ¢1 (see corollary 1). Moreover, we have to check the following relevant

subcase:

Ca > P2 —Po = Ca-
Here, there is upward renegotiation if trade of the innovation is efficient and ¢, has been realized.
Hence, under at-will contracting, pgl) = pg”) = pgm) = pgw) = po, pg}) = pgm) = po + C2. Inserting
these prices into (12) yields the following condition for efficient investments:

Vg U1

=) = (725~ al gy —9) (L= )+ can (24)

In order to prove that this solution is compatible with the considered price range, we must show
that ¢2 > (p2 — po)* > ¢y holds. Note that the right-hand side of (24) is a linear combination
of two terms, where the second term is equivalent to the upper bound of the feasible range, ¢o.
Hence, since the left term is obviously smaller than ¢, it remains to show that vy/(1 + \) —
q(U1/(1 + A) —c1) > ¢o. Suppose ¢ = 1 to obtain the smallest possible value of the right-hand
side of (24): since vy — U1 > F(1 + A) by the assumptions of table 1, this inequality holds for
all ¢, which proves the validity of our solution (ps — pg)*. Therefore, we have demonstrated
that efficient investments are attainable under at-will contracting. Under option contracting, the
result is the same, since the seller will exert his option only in states where low production costs

have been realized, i.e. if trade of the innovation is ex-post efficient. O
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