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Abstract

A government delegates a build-operate-transfer project to a private firm. In the
contracting stage, the operating cost is unknown. The firm can increase the likelihood
of facing a low cost, rather than a high cost, by exerting costly effort when building the
infrastructure. Once the infrastructure is in place, the firm learns the true cost and begins
to operate. Under limited commitment, either partner may renege on the contract at any
moment thereafter. The novelty with respect to incentive theory is that the contractual
length is stipulated in the contract in such a way that it depends on the cost realization.
Our main result is that, if the break-up of the partnership is sufficiently costly to the
government and/or adverse selection and moral hazard are sufficiently severe, then the
efficient contract is not robust to renegotiation unless it has a longer duration when the
realized cost is low. This result is at odds with the literature on flexible-term contracts,
which recommends a longer duration when operating conditions are unfavorable, yet,
with regards to a different setting, where the demand is uncertain and the cash-flow is
€X0genous.
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1 Introduction

Public-private partnerships (PPPs) in infrastructure projects include two main phases,
namely construction and operation, and it is well known that incentive problems affect their
performance in either phase. When building the infrastructure, the private firm may be little
motivated to exert costly effort (Hart [17], Bennett and Iossa [3], Martimort and Pouyet [27],
Iossa and Martimort [21]). In the operation phase, the firm is likely to observe the operating
conditions privately, as agency theory suggests, and to conceal them wis-d-vis the government
(e.g., Laffont [23], Guasch et al. [14] - [15], Iossa and Martimort [21], Danau and Vinella [5]).
Moreover, both the firm and the government may have an interest in abjuring the PPP contract
(see the report of Guasch [13] and the cases described by Estache and Wren-Lewis [12]). As
a choice variable of the contract designer, the contractual length represents a powerful tool
to address these incentive problems (Danau and Vinella [5]). This is because variations in the
contractual length permit the contract designer some flexibility in adjusting the per-period com-
pensation, which can be exploited to solve incentive problems arising during operation, without
affecting the total compensation, which is instead used to address moral hazard arising during
construction. The degree of flexibility available depends on the severity of moral hazard. The
theory of incentives tells us that the more severe moral hazard is, the more uncertain the total
compensation should be. However, as the firm is exposed to more risk, there is less flexibility
in adjusting the per-period compensation through changes in the contractual length. Hence,
it becomes more difficult to incentivize the firm during operation. The choice of a suitable
contractual length is thus related to how important each of the incentive problems is.

Despite this essential link between the duration of PPP contracts and the partners’ incen-
tives during construction and operation, the choice of the optimal contractual length in PPP
projects remains under-explored. Particularly, to the best of our knowledge, the literature on
agency relationships has not yet considered the possibility of conditioning the duration of the
contract on the state of nature as a tool to solve incentive problems. The idea of a state-

dependent duration is inspired by the studies of Engel et al. [8] - [9] although, in their case, the



duration is not stipulated in the contract, but rather determined through the mechanics of the
contract. The authors focus on frameworks in which fixed-term contracts are incomplete for
an exogenous reason (the market demand is uncertain) and show that incompleteness is elim-
inated if the contractual length is adjusted according to the realized state of nature (the level
of demand) in such a way that the firm attains its reservation utility regardless of the specific
state. This requires allowing the firm to operate the activity for a larger number of periods
when the operating conditions are unfavorable. Contracts with this characteristic are referred
to as flexible-term contracts. However, one may wonder whether the benefits of flexible-term
contracts also extend to the frameworks we have in mind, in which moral hazard and adverse
selection have bite and contractual frictions are due to the lack of enforcement mechanisms (as
in the cases described by Estache and Wren-Lewis [12]) rather than to the parties’ inability of
writing a complete contract for all future contingencies.! As we have noted, both moral hazard
and adverse selection require the firm to be exposed to some risk. This involves providing lower
compensation to the firm in bad states of nature. Moreover, if a contract with a long duration
is used in bad states of nature, as is the case for flexible-term contracts, then, as time passes,
the firm might prefer to cease honoring its obligations, provided that its residual compensation
falls below some alternative opportunity, which could be derived from another activity or from
a new deal with the same partner. One then needs to understand whether a contract with
a state-dependent duration would be useful in the environments we consider and, if so, how
exactly it should be structured. We explore these issues in our paper.

The analysis we develop delivers one main lesson. In situations in which the firm enjoys an
informational advantage early in its relationship with the government and, in addition, either
partner may behave opportunistically during the operation phase, the contract that stipulates
an efficient allocation may fail to be renegotiation-proof, unless its duration is conditioned on

the state of nature. When that is the case, unlike in flexible-term contracts, the duration should

Laffont [23], Guasch et al. [14] - [15], Danau and Vinella [5] are theoretical studies in which the vulnerability
of the contract follows from the lack of enforcement mechanisms in the economy. Similarly to Engel et al. [8] - [9],
Tossa and Martimort [20] also rely on an exogenous, incomplete contracting approach to model the vulnerability
of PPP contracts.



be set longer in favorable states than in unfavorable states. A contract with this characteristic
is more likely to be necessary the more severe moral hazard and adverse selection are and/or
the more costly the break-up of the partnership would be to the government.?

As an additional contribution, our analysis offers a foundation to the understanding of when
and how often each of the partners may want to initiate renegotiation during the execution of the
contract, which is essential to draw conclusions on the optimal contractual design in PPPs. We
ascertain that, should the firm initiate renegotiation in some period of operation, it will take the
initiative again in each of the subsequent periods. In so doing, the firm will collect the annuity
of the government’s cost saving from the continuation of the partnership, leveraging itself on
the damage that it can occasion to the government by reneging on the contract, rather than
on the characteristics of the PPP project. On the other hand, should the government initiate
renegotiation, it will do so at most once, as renegotiation is onerous to it. The government
will take the initiative early in the operation phase to appropriate more of the up-front private
investment under the new deal that replaces the initial contract.

This study is related to Danau and Vinella [5], which serves as the basis for the model.
However, while that paper explores the financial structure of the project, here, we assume
that the firm is the only investor. This simplification does not affect the general insights of our
study, but it serves to focus the analysis on the use of a state-dependent duration as an incentive
tool in PPP contracts. However, this simplification leads to a complication. In any period in
which some partner could breach the contract, renegotiation would be Pareto-improving on
the termination of the partnership. Hence, following a contractual breach, the parties would
actually reach a new agreement and continue the relationship. The contract must thus be
robust to the possibility of repeated renegotiation. In Danau and Vinella [5], the convenience
of seeking new deals is excluded by the presence of a financial institution that can impose high

debt payments on the government to destroy any surplus to be shared in renegotiation.

2A good example of the cost that governments fear in the event of a break-up is provided by Ehrhardt and
Irwin [7] concerning the 1999 Melbourne transport franchises. The authors report that the State Government of
Victoria agreed to renegotiate to escape the expenses associated with the retrieval of the activities and possible
litigation to be incurred in the event of a break-up. See also Trebicock and Rosenstock [30], who acknowledge
that governments face transaction costs when PPPs are broken up.



Our framework differs from the literature on flexible-term contracts in two essential respects,
which pave the way for a different result. First, the compensation to the firm is endogenous
and used as a tool to fine-tune incentives. Second, it is necessary to take explicit analytical
consideration of the renegotiation game in which the partners engage following a contractual
breach. This is not the case in the framework of Engel et al. [8] - [9], in which renegotiation
can only be due to the parties’ inability of addressing all possible future contingencies in the
contract, an issue that is eliminated by making the firm’s payoff independent of the realized
operating conditions.

In addition to the aforementioned studies on PPPs, our analysis is more generally related
to those on long-term principal-agent relationships. Baron and Besanko [2] characterize the
optimal dynamic contract in a repeated adverse-selection regulatory problem. Dewatripont [6],
Hart and Tirole [18], and Rey and Salanié [28] show that the parties to an incentive contract,
signed in the interim, may want to renegotiate the initially stipulated allocation once private
information is revealed. This desire arises because, under complete information, a Pareto-
improving allocation is available to the contractual parties. More recent contributions recognize
the importance that limits to the enforcement ability of courts of law may have in contractual
design (see Levin [25], who focuses on relational contracts). Unlike in this strand of literature,
in the PPP context we address, the contract specifies a single intertemporal compensation to
the firm, and the choice of the contractual length involves how that compensation is diluted
over multiple periods. In the same vein as Levin [25], we identify conditions under which Harris
and Raviv’s [16] result that efficiency is attained with ez ante contracting holds even if the
contractual parties are unable to commit. The specificity of our analysis is that this result rests
on the way in which the duration of the contract is chosen by the principal.

The reminder of the paper is organized as follows. The model is described and the efficient
allocation is characterized in section 2. In section 3, we identify values of the contractual vari-
ables such that moral hazard and adverse selection are addressed without inducing distortions
away from efficiency in the contractual allocation. We also highlight the flexibility gain that

a state-dependent duration grants to the contract designer. In section 4, after describing the



renegotiation game in which the partners would hypothetically engage, we show how a state-
dependent duration can be useful for making the contract robust to renegotiation under limited
commitment. In section 5, we extend the analysis to the case in which the cost of break-up to
the government declines over time rather than being constant across periods. Section 6 provides

further discussion. Section 7 concludes.

2 The model

A government (G) delegates a public project to a private firm (F). The project includes two
tasks: the construction of an infrastructure and the provision of a good (or service) to society.
F is a Special Purpose Vehicle (SPV) created by a group of private investors to perform these
tasks. The contract is signed and the infrastructure is built at the beginning of period 0.
Management of the infrastructure occurs in all periods 7 € {0, ..., — 1} . At the beginning of
period T, the contract ends. For simplicity, we assume that the infrastructure has an infinite
life during which it does not depreciate. If T is finite, then the infrastructure is transferred to

G at the end of the contract, as is typical of PPP arrangements.

Production technology and profit of F At the beginning of period 0, F incurs a sunk cost
of I > 0 to construct the infrastructure. In each period 7, F operates the production process,
incurring a cost of fg + K, where 6 > 0 is the marginal cost, ¢ > 0 is the number of units of the
good delivered in each period and K > 0 is the fixed cost. In return for supply, F receives a
transfer of ¢ from G and collects revenues p(q)q from the market. This assumption encompasses
a variety of real-world situations ranging from conventional infrastructure provision, where the
firm only receives governmental transfers, to traditional concession, where the firm only collects

market revenues. The per-period operating profit of Fis m =t +p(q)q — (¢ + K) .

Preferences for the good and return of G Consumption of ¢ units of the good yields
a gross surplus of S (¢), such that S’ (-) > 0, S”(-) < 0, S(0) = 0, and the Inada conditions

hold. Customers purchase the output produced in each period 7 at a price of p(q) = S’ (¢q) .
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In the same vein as in traditional procurement and regulation models, the per-period value
of the project to G is a weighed sum of net consumer surplus and the firm’s profit, namely
S(q) —p(q)q—t+ pr, where 0 < 8 < 1.3 Defining w (q) = S(¢q) — (fq + K) and using the
expression of the profit to write t = 7 — (p(q) — 0) ¢ + K, the per-period value of the project
to G is w(q) — (1 — ) m. This expression indicates that G would prefer w (-) to be as high as
possible, whereas it dislikes leaving a profit to F as 1 — § > 0. Because this is true regardless
of the value of (3, for simplicity, we take 8 = 0 such that the per-period value of the project to

G reduces to w (¢q) — 7.1

Information structure In the delegation stage, the value of the marginal cost 6 is unknown.
Its distribution depends on some unobservable effort @ € {0, 1} that F exerts when constructing
the infrastructure. Once the infrastructure is in place and F begins to operate, the marginal
cost is realized and takes one of two possible values, namely #; and 65, such that 0 < 6, < 6,,.
Provided that @ is an intrinsic characteristic of the infrastructure, the value it takes remains the
same throughout the life of the project. Henceforth, we denote i € {l,h} as the realized state
of nature. F observes the state privately, which leads to an adverse selection problem at the
outset of the operation phase. However, it is commonly known that the "good" state [ occurs
with probability vy, if @ = 1, and with probability vy, if a = 0. As we refer to a PPP project,
we can reasonably assume that exerting effort makes it more likely that the marginal cost will
be low: 0 < vy < v1 < 1. By exerting effort, F incurs a disutility of ¢ (0) = 0 < ¢ (1) = 4. This

is the root of a moral hazard problem in construction.’

3Notice that, with distortionary taxation, spending one unit of public funds requires collecting more than
one unit of money from taxpayers. To capture this circumstance formally, we could introduce some parameter
A > 0, expressing the shadow cost of public funds (see Dahlby [4], for instance). Then, a transfer of ¢ would
cost (1 4+ A)t to G. As this would have no impact on results, we take A = 0 for simplicity.

4The case of 3 = 0 well accommodates the widespread situations in which the private partner is a foreign
firm, the profits of which are not included in the government’s objective function.

°In the literature, the choice of a suitable duration is viewed as an important issue in highway concession
contracts. In that context, # could represent a combination of operation and maintenance costs, which are
recognized to exhibit synergies with the investment in infrastructure. See, for instance, Engel et al. [11], who
state: "Bundling forces investors to internalize operation and maintenance costs and generates incentives to
design the project so that it minimizes life cycle costs." (p.5).



Payoffs under complete information Suppose for the time being that parties act under
complete information. That is, both F and G know the effort exerted in construction and the
marginal cost of production. We present the parties’ payoffs in this framework, for some given
value of # realized at the outset of the operation phase.

Letting v, = 1 (1 — ﬁ) , where z € {0,...,T — 1} and r is the discount rate, the value
of the future stream of profits at the beginning of period 7 is given by II. = 7my,__. The net
present value of the project is:

=T — (I +¢(a)).

The discounted return of G from private management is given by V, = w(q)y,_, — I,.

Thus, the period—0 discounted return of G from private management amounts to:

Vo = w(q)yr — o.

After the PPP ends, G has no reason to leave any surplus to the firm which will manage the
infrastructure thereafter, provided that the outside option of the firm is zero. Hence, in each of
the subsequent periods, the return of G is w (¢*) , where ¢* is the level of output that maximizes

w (+), characterized by the standard marginal-cost pricing rule:

p(g) = 0. (1)

Henceforth, stars are appended to denote efficient values. Given 6, the payoff that G obtains

from the entire life of the project is:

W o= Vo+

Contract G makes a take-it-or-leave-it offer to F. The Revelation Principle applies, and G can

restrict attention to direct mechanisms under which F releases information. The offer includes



the menu of allocations {{q;,t;, 1}, {qn, tn, Tr}}, where ¢; is the quantity to be produced at
the beginning of each period 7 and ¢; is the transfer to be made at the end of the period in the
event that the realized state is @ € {l, h}. Furthermore, T} is the date at which the contract
will end. The fact that, in addition to the quantity and to the transfer, the contractual length
is also state-dependent is the novel aspect of our model. Assuming that effort is desirable
to G (a* = 1), and considering that it affects cost stochastically, conditioning the contractual
allocation on the realization of the cost is a way to address not only the adverse selection
problem but also the moral hazard problem.® Henceforth, the subscript ¢ will be appended to

all state-dependent variables.

Timing In summary, the relationship between G and F unfolds as follows.

1. G makes the take-it-or-leave-it offer to F.
2. If F accepts, then it constructs the infrastructure exerting effort a with disutility ¢ (a) .

3. The marginal cost 6; is realized, F' observes it privately and reports it to G; accordingly,

the allocation {q¢;,t;, T;} is selected from the contractual menu.

4. In each period 7 € {0, ...,T; — 1}, F produces g¢;, collects revenues p (g;) ¢; on the market

and receives the transfer ¢;, unless either G or F reneges on the contract.

2.1 Efficient allocation

Referring to II; o, rather than to ¢;, with a standard change of variable, the triplet of choice

variables is {¢;, IL; 0; 1T} } , Vi. Accordingly, an efficient allocation is one that solves the following

SEffort is desirable when E [w (¢})] — E [w (¢})] > 7, where E and E are the expectation operators over the
two states [ and h, corresponding to @ = 1 and a = 0, respectively, and ¢; is the optimal quantity when the
marginal cost is 6;.



program:

Max  E[W]

{qi,115,0;T3 },Vi

subject to

B [IL;0] > 1 + 4. (2)

Constraint (2) is the firm’s ez ante participation constraint under the assumption of a zero
outside option. As the contract is signed ex ante, it suffices to ensure that the firm breaks even
in expectation. At the optimum, ¢; = ¢/ Vi and the values IT}, and II} ; are such that (2) is

saturated. The optimized payoffs are given by

E[II;] = I+v
B = PNy

Because E [W}] is independent of 7; and T}, the specific choice of the termination dates
is irrelevant with respect to efficiency. Hence, it is irrelevant whether the project is developed
under a PPP, public procurement or full privatization. This entails that, as long as neither
moral hazard nor adverse selection arises and both parties fully commit to their contractual

obligations, G can attain efficiency by adopting any of those arrangements (see Proposition 1

in Danau and Vinella [5]).”

3 Moral hazard and adverse selection

As the first step of the analysis, we identify conditions under which an efficient allocation is
implemented contractually under incomplete information. In particular, this will enable us to

show that, whereas the contractual length is irrelevant to obtaining efficiency under complete

"This conclusion is in line with the Irrelevance Theorem of Sappington and Stiglitz [29]. It is also in line with
the view expressed by Engel et al. [10] that reliance on PPPs is not justified by the need to avoid disbursing
public funds that are costly to society.
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information, the presence of moral hazard and adverse selection on the firm’s side may impose
restrictions on its choice.

Denoting A6 = ), — 0, and Av = v — vy, the moral hazard constraint is given by:

0= Upo 2 % (3)
and ensures that effort is induced by paying the firm more when the cost is low. Because the
effort decision is made during the construction of the infrastructure, it depends on the difference
between the total compensation (for simplicity, the "profit") received in the good and in the
bad state, rather than on the number of periods through which that compensation would be
cumulated. The difference between profits must be greater the higher the cost of effort, i.e. the
disutility v, and the lower the benefit of effort, i.e. the increase Av induced in the likelihood
of a low cost being realized.

Whereas the effort of F depends only on the profit wedge, information release by F at the
outset of the operation phase depends on both the profit wedge and the termination date of

the contract. This is evident from the adverse selection constraints, which are formulated as

follows
-1
AHC]Z
Iy =100 < _ 4
1,0 h,0 > TZ:; (1 + 7”)7—+1 ( )
T, —1
Abgy,
Mo—Mo> Yy —— 5
1,0 h,0 TZ:O (1 4 T)T+1 ( )

in state h and [, respectively. When the cost is high but a low cost is announced, F incurs
a penalty equal to the difference between the true and announced cost, namely Afg;, in each
period through the termination date 7j. (4) shows that F tells the truth in that state if the
discounted cumulated penalty through period 7; is at least as great as the additional profit of
II; o — IIj o it would obtain from that lie. When the cost is low but a high cost is announced,
the cost difference of Afq;, is a bonus that F obtains in each period through the termination

date T}, and the difference II; o — ITj, o represents the amount of profit F renounces if it lies. (5)

11



shows that F tells the truth in that state if the discounted bonus through period 7} from a lie
does not exceed the foregone profit.®

We are interested in identifying conditions under which G decentralizes an efficient allo-
cation, taking into account that the constraints (3) - (5) must be satisfied. Recall that the
contractual variables are given by {¢;,I1;,7;}, Vi, and that efficiency is attained if output is
set equal to ¢, Vi, and II}, and IIj , are chosen such that the participation constraint (2) is
saturated. Given that there are multiple combinations of profits such that (2) is saturated, once
G sets ¢; = ¢, Vi, it remains to choose {H;O, TZ-} , V1, to achieve the goal. However, because the
constraints (3) - (5) all depend on the profit wedge at date 0, rather than on the exact values

of the profits IT}, and IT} ;, we can use (2) as an equality to express the profits as follows:

M, = [+4%+(1—v)Al (6)

M, = [+ —nAll, (7)

where AIl = 11}, — II} ;. Based on these expressions, in the presentation of results hereafter we
will refer to the triplet {AIL, 7}, 7,} in place of the pairs {II},, T} } , Vi. According to (6) and
(7), once AII is set, the profits are such that, apart from recovering the initial investment of
I+, F receives a "reward" of (1 — v1) All in state [ and incurs a "punishment" of v All in
state h. Overall, I obtains a positive payoff of I} — (I + ¢) in the good state and a negative
payoff of II; ; — (I +1) in the bad state, being exposed to an amount of risk equal to AII,

which is just enough for G to retain all the expected surplus.

Proposition 1 The triplet {AIT*, T;*, T)'} that implements an efficient allocation under (3)—(5)

8The formulation of (4) and (5) is reminiscent of that found in repeated adverse selection problems a la
Baron and Besanko [2]. In those problems, private information is not persistent, and the agent makes a new
report to the principal in each subsequent period. In our model, the unit cost of operation is drawn once for
all, and the firm reports to the government only at date 0. However, a lie at that date can be assimilated to
a repetition of the same lie, yielding the same output obligation and the same compensation right, in each
subsequent period through the termination date. Essentially, what differs in our setting is that the number of
periods through which the firm could benefit from that lie is endogenous to the contract.

12



1s such that:

Y Abg;
AIT* S
< [AV’ r (8)
Ty > T(AIY) = % (9)
L= = ~ In(1+7)
1n —Aeq; A@ *
% — £\ AbqF —rAll* . * qp
T < T((AIIY) = —» —— ATl . 1
h = ( ) In(147r) if < r (10)

The fact that efficiency may be implemented contractually with an appropriate choice of the
contractual variables does not come as a surprise. Indeed, as is well known from the literature,
neither moral hazard nor adverse selection is an issue when the agent is risk neutral and not yet
informed about the state of nature at the time when the contract is signed.” The peculiarity
of our model with respect to most of the literature is that the agency relationship is long term,
rather than being one shot. For this reason, in addition to restrictions on the choice of the profit
wedge, there are also restrictions on the choice of the contractual length. We first interpret
these restrictions, as listed in the proposition, and then explain what they imply in terms of
the desirability of a state-dependent contractual term.

Let us begin with the profit wedge. According to (8), not only is it necessary that the profit
wedge not fall below 1/ Av to prevent shirking in the construction of the infrastructure, but it
must also be the case that the profit wedge does not exceed Afg; /r. Otherwise, the cumulated
penalty would be too low to prevent understatement of a high cost, even if F were delegated
the activity forever when the cost is low.!® Consider now the termination dates. First, (9)
imposes a lower bound on 7}*. For I to be unwilling to understate a high cost, it must be the
case that F incurs the penalty associated with that lie, namely Afq;, for a sufficiently large
number of periods. This restriction is weak when the per-period penalty is high, and hence

it is enough if it is incurred over a limited number of periods. The restriction is instead tight

9See Ch. 2 and Ch. 4 of Laffont and Martimort [24], for instance.

0Tn addition, it must be the case that effort is not too costly, i.e., 1 < AvAfq; /r. Otherwise, it would be
impossible for G to set the profit wedge in such a way that (3) is satisfied jointly with (4), and efficiency would
be beyond reach. Because we focus on implementation of an efficient allocation, we neglect this possibility and
assume the above condition to hold.

13



when the additional profit of AIT*, which F obtains by pretending [, is high, thus making the
lie particularly attractive. Considering that AIT* must take a higher value the more severe
moral hazard is, we can conclude that the restriction on 7}" is stronger the tighter (3) is. This
emphasizes that, albeit the effort of F does not depend on the choice of the contractual length,
moral hazard has bite in that choice by restricting the possibility for G to induce information
release through the choice of the profit wedge. Second, (10) imposes an upper bound on 7}.
For F' to be unwilling to overstate a low cost, it must be the case that F obtains the bonus
associated with that lie, namely Afg;, for a sufficiently low number of periods. The restriction
is tight when the per-period bonus is low; it is weak when the foregone profit AIT* is high. The
restriction completely disappears when AIT* > Afg;: /r, i.e., when the foregone profit is so high
that it is not compensated for, even if F obtains the bonus for an infinite number of periods.
The foremost implication of Proposition 1, for the purpose of this study, is that, in the
implementation of an efficient allocation under incomplete information, G gains flexibility if it
switches from a fixed to a state-dependent contractual term. Suppose for a moment that the
term is fixed, such that 7; = T}, = T Then, (9) and (10) taken together imply that 7" should
be chosen within the range [T (AIl),T (AIl)] for some given AIL If the term of the contract
is set too short, then the firm is prompted to claim [ in the bad state because, by doing so, it
will incur the cost penalty only through a limited number of periods. If instead the term of the
contract is set too long, then the firm is prompted to claim A in the good state to accumulate a
bonus (in cost reimbursement) over the long contractual period. Conditioning the term of the
contract on the state of nature enables G to lessen these restrictions. Extending the contract
by T; — T (AIl) periods in the good state does not make the firm more eager to exaggerate cost
because the benefit associated with that lie depends on T}, rather than on 7;. Shortening the
contract by T (AIl) — T}, periods in the bad state does not make F more eager to understate
cost because the penalty associated with that lie depends on 7T; rather than on Tj,. Overall, G
can set T}, < T (AIl) < T; and T}, < T (AIl) < Tj, for some AII sufficiently high to satisfy the

moral hazard constraint, without violating the adverse selection constraints.

14



3.1 Flexibility gain and per-period profits

The flexibility gain to G can also be understood by examining how the per-period profit
of F is determined in each state of nature when the optimal decisions are made. To that end,
it is first useful to recall the essential features of the flexible-term contracts proposed by the
literature, which also have a state-dependent duration. In those contracts, the per-period profit
of the firm is determined exogenously and the duration of the contract is adjusted to ensure
that, by cumulating that profit in all periods through the termination date, the firm attains its
reservation utility, regardless of the realized state. In our model, that would involve allowing F
to obtain an amount equal to the cost of investment I + ¢/ in all periods of operation through
the termination date. In each state i, given a per-period profit of 7;, T; would be chosen to

satisfy the following:

(11)

T, =
T,

By contrast, the per-period profit is determined endogenously in our setting. When G chooses a
pair {H;O, Tz*} , G is indirectly choosing the per-period profit that F will receive in each period
through the termination date T7*, according to the formula m; = I}, /fyT:.H Because the pair
{H;O, TZ*} serves to address incentive problems under incomplete information, the per-period
profit will include a component related to the incentives of F, which is missing in (11). To see
the exact formulation of the per-period profit and identify this incentive component, we rewrite

(4) and (5) to express AIT* as follows:
All" = Abzjyp,, (12)

where j can be taken to be either [ or h, not necessarily coinciding with the true state i, and
with the additional requirement that z;yy, = 2577, ensuing from the two constraints. Taking

j = lin (12), one can interpret Afz; as the wedge between the profits that F will obtain in

H'With the output being set to the efficient level of ¢, the revenues that F collects from the market do
not depend on the choice of IIf ; and 77", which only affects the transfer to F, determined residually as ¢; =
K +1L o /vy
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each period through the termination date, "normalized" as if that date were T; in both states.
As in a one-period agency relationship, a profit wedge of Afz; is associated with a reward of
(1 — v1) Afz. However, as we are concerned with a multi-period interaction, (1 —v) Afz is
here the per-period reward through date T}, where z; € (ﬁd’M, qﬂ . Analogously, taking j = h
in (12), one can interpret Afz, as the per-period wedge between profits, normalized as if the
termination date were T} in both states, and yielding a per-period punishment of 1Az,
where z, € [¢},00). When deciding AIl and 7}, G is essentially choosing z; and, hence, the
per-period reward (1 — 1) Afz in a contract with termination date 7;. Symmetrically, when
deciding AIT and T}, G is choosing z, and, hence, the per-period punishment v1Afz, in a
contract with termination date 7},. Replacing (12) into (6) and (7), we derive the expressions

of the per-period profits in the two states:

I
o= IV a0 (13)
Ty
1
Ty = L v1 A0z, (14)
Ty

In either expression, the first term is the counterpart of the per-period profit in the flexible-term
contract (as displayed in (11)). It represents the "cost of capital" that G promises to repay
to F in each period of operation to induce private investment up front and is inversely related
to the contractual length in the given state. The second term, which serves to incentivize the
firm, is the per-period reward to F if the state is good and the per-period punishment if the
state is bad. Considering that an increase in 7} is paired with a reduction in z; and a reduction
in 7, with an increase in zj,, and noticing that z, = z, = z € [¢}, ¢/] in a fixed-term contract,

the following result obtains.

Corollary 1 If Ty > T (AIl), then 2 < q; and the per-period reward to the firm is lower than
in a fived-term contract satisfying the conditions of Proposition 1. If Ty < T (All), then z, > ¢
and the per-period punishment to the firm is higher than in a fized-term contract satisfying the

conditions of Proposition 1.
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Therefore, by decomposing the per-period profits as in (13) and (14), one can identify the
exact root of the flexibility that G enjoys when switching from a fixed-term contract to a contract
with a state-dependent duration in the presence of moral hazard and adverse selection. That is,
given the amount of risk to which G must expose F to avoid shirking in construction, adverse
selection can be addressed by either granting a lower reward for a longer time or imposing a
higher punishment for a shorter time.

One may wonder why this flexibility is useful to G. According to Proposition 1, it is possible
to attain efficiency both when the flexibility is exploited and when it is not, or, in other words,
both when the contract has a state-dependent duration and when it has a fixed term. As we
will see in the next section, it is under limited commitment that G may want to take advantage
of the flexibility. To give a hint, whereas the incentives of F to shirk and cheat depend only
on the second component of the per-period profit (reward or punishment), the incentives of
the partners to honor the contract depend on the overall per-period profit of F. When the
contractual length is chosen, not only the per-period reward/punishment but also the per-
period repayment of the cost of capital is determined accordingly. Thus, by adjusting T;, G
may be able to attain some desirable value of 7}, such that both partners are motivated to
remain in the relationship, without violating the information constraints through the changes

thereby induced in the per-period reward/punishment.

4 Limited commitment

7

We identified the optimal contractual triplet {q;‘, Hf,mTi*} , Vi € {l,h}, where T} is the
termination date such that an efficient allocation {¢;, HZO} is implemented under incomplete
information. In this section, we consider the situation in which the partners are unable to com-
mit and the contract is exposed to their opportunism during the operation phase. We raise the
question of what conditions the termination date 7T; must satisfy to ensure that, in addition to
addressing moral hazard and adverse selection, the triplet {q;*, I}, ﬂ} is robust to the partners’

incentives to renege. To answer this question, we first need to explore the renegotiation process
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in which G and F engage hypothetically. We will then formalize the additional (self-enforcing)
constraints entailed by the renegotiation-proofness of the contract and draw conclusions on the
contractual implementation of an efficient allocation under incomplete information and limited

commitment.

4.1 Renegotiation process and renegotiation payoffs

Suppose that one party (whether F or G) reneges on the contract in state ¢ € {l, h} at date
T € {0,...,T; — 1} . Following contractual reneging, the partners engage in a renegotiation game,
and one needs to assess whether the partnership is terminated or, rather, a new agreement is
reached. In the latter case, one would also need to establish what variables the partners
renegotiate on and what payoffs they will obtain as a result of that negotiation. The payoffs
will depend on the period 7 in which the contract is first reneged upon. Moreover, the payoffs
also depend on whether reneging is expected to occur again in any of the subsequent periods.
Whereas we develop this part of the analysis assuming that the renegotiation process takes place
under complete information about the realized cost 0;, we show in the proof of Proposition 2,
to be stated in Section 4.3 below, that information is indeed released even if F anticipates that

one partner will renege during the execution of the contract.

4.1.1 No break-up following contractual reneging

When one party reneges, a court of law cannot oblige it to execute the contract. However,
the court can impose sanctions following a breach, in the same vein as in the recent literature
on non-enforceable contracts (see Levin [25]). Specifically, when G breaches the contract, the
court can impose a penalty of P > 0 in favor of F because G appropriates (a part of) the
private investment. Instead, there is no sanction for F if it terminates the partnership. This is
because, in that case, break-up is assimilated to private default, entailing that G relieves the
SPV and the private partner cannot be called upon to contribute further resources in addition
to those already allocated to construct the infrastructure. Because F renounces the ability to

recoup a part of its initial investment if it stops abiding by the contract, this loss will naturally
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serve as a penalty for the firm in the event of a breach. Taking this into account, when the
PPP contract is signed, it is complemented by a termination clause, according to which G will
pay P to F if the PPP is terminated on the former’s initiative. In addition to the sanction, the

break-up entails a cost of R > 0 to G. The following result is then obtained.

Lemma 1 Conditional on one party reneging on the contract, the outcome of the renegotiation

game s a new agreement rather than the break-up of the partnership.

Intuitively, G prefers to negotiate a new deal with F and save on the cost of break-up; F is
eager to return to the negotiating table and share that saving with G, rather than terminating

the partnership.

4.1.2 What partners renegotiate on

Because the renegotiation process takes place under complete information, renegotiation

*
1,7

concerns the contractual triplet {qgk 1T Ti} in effect in the realized state i at the beginning

of period 7, where:

1 Hz‘,of” (15)
T;

is the residual contractual profit of F, yielding G a residual contractual return of:

‘/:L'TT = W; (q'zk) /YTZ'—T - H’ZT‘ (16)

Notice that II7 = appears in the contractual triplet in place of the profit II7, stipulated at date
0. This is because, during the first 7 — 1 contractual periods, F has already accumulated a part
of that profit, which is obviously already disbursed at the beginning of period 7. In fact, the
partners do not renegotiate on all three values. To see this, consider first II7 = and T;. Because
IT} , is the present value of the stream of profits to be accumulated in future periods through
date T, renegotiating on II}  is tantamount to renegotiating on a combination of the per-period
transfer and the termination date. Given the substitutability between the two, it is without loss

of generality to assume that any new agreement on II; is a new agreement on the per-period
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transfer (and, thereby, on the per-period profit), whereas the termination date is unchanged.
Accordingly, we will hereafter neglect the possibility of a new deal being made on T;. We are
left with clarifying whether the partners have an interest in modifying the level of output (and,

hence, the price). The following result makes this point.

Lemma 2 Suppose that one party reneges in state i in period T Under the new agreement

reached by F and G, F will continue to produce qf in each period thereafter.

Intuitively, any output (or price) distortion away from the efficient level would cause a
reduction in the value of w(-) and, hence, in the size of the pie to be shared in the renegotiation
process.

Having clarified what the partners would renegotiate on, we can now explore their incentives

to renege on the contract.

4.1.3 Repeated reneging and renegotiation payoff of F

Let us first examine the behavior of the firm. F may have incentives to renege at the
beginning of the period, before producing and incurring the associated cost. Once F reneges in

some state i at some date 7, G reasonably expects F to renege again at any 7/ > 7.

Lemma 3 V7,7" € {0,...,T; — 1} such that T < 7', if F reneges at 7 and G believes that F will

not renege at 7', then F does renege at 7'.

This result is essential to understand how much surplus will be shared in the renegotiation
game. Provided that, following reneging at 7, renegotiation will occur in all periods through

date T; — 1, the available surplus is such that

X XTi—l
I+r 7 (1+r)h7

— R, Vre{0,.. T, —1}, (17)

where X is the surplus to be shared in period 7, X,,; is the surplus to be shared in period

741, and so forth. In essence, (17) means that the maximum amount that F can extract from
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G, if they renegotiate repeatedly from date 7 through date 7; — 1, sums, in discounted terms, to
the saving R that the continuation of the partnership grants to G. This is explained as follows.
In each period 7, the firm knows that, if it abjures the contract, then the government will agree
to renegotiate to avoid the break-up, which is costly. If there were no possibility of reneging
again beyond date 7, then F could afford to force G to share its entire continuation benefit R.
However, G is aware that, in the subsequent period, F will be motivated to also breach the
new contract to once again cash in the cost of break-up. In light of this, rather than sharing R
with F repeatedly, G would prefer to terminate the partnership and incur that cost once and
for all. Being unable to convince G that it will not renege again beyond date 7, F agrees to
renegotiate on a lower amount X to avoid that outcome. Accordingly, a new agreement can be
reached only if the parties negotiate on a surplus of X, < R at the end of period 7, X, < R
at the end of period 7+ 1, and so forth, such that, overall, they share no more than the cost of

break-up, in discounted terms.

Lemma 4 Suppose that F reneges at 7. Under the reasonable belief that F' will renege again
in each subsequent period, the surplus to be shared in renegotiation amounts to Rr/(1+r), if

T<T;y—1,and to R, if T =T, — 1.

Essentially, when F reneges before the last period of operation, the partners negotiate only
on a part of the cost of break-up equal to [R — R/(1+1r)] = Rr/(1+r). The greater the
discount rate r is, the less the firm can profit from future renegotiations, in discounted terms,
and hence the more surplus will be shared at date 7. There is one interesting implication of this
result. Because F cannot take advantage of repeated renegotiation, the exact duration of the
contract is irrelevant in this respect. This explains why the expected profit of F from current
and future renegotiations, in discounted terms, is independent of the contractual length T; and
equal to:

" = aR, ¥r € {0,..,T, —1}. (18)
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where o € (0, 1) is the probability of F making a take-it-or-leave-it offer to G in the renegotiation

game.!?

4.1.4 One-shot reneging and renegotiation payoff of G

Let us next examine the behavior of the government. Unlike F, G may have incentives to
renege at the end of the period, when it is supposed to compensate the firm. If G reneges on
the contract and the partnership is terminated, then G incurs not only the cost of break-up but
also the breach penalty. Thus, if the partners renegotiate after G reneges, then F cashes in a
quota « of the cost of break-up R, as in the case in which F itself reneges, together with the
entire penalty P, which is the reservation utility of F when G reneges. This makes it onerous

for G to renege repeatedly, which explains the following result.
Lemma 5 Suppose that G reneges at 7. Then, it does not renege at any 7" > T.

Based on this result and recalling that output is maintained at the efficient level in the
new agreement, the earnings of G, if it reneges on the contract in state i and period 7, are

determined as follows:
P+ aR

vT. 19
1+r (19)

Vit = wil@)Vr—r —

As in the initial contract, G appropriates the entire net surplus from the activity, w;(q; )y, _,-
This amount is then diminished by the social value of the expected compensation that G owes to
F, namely (P + aR) /(1 + r). This expression is understood as follows: should the partnership
be terminated at the end of period 7, G would pay P to F and incur the cost R. In VT, these

values are discounted at the beginning of the period.

We have now established how each of the partners makes its reneging decisions, neglecting

the possibility of the other partner having previously reneged. The following result completes

'*Notice that the expression of IIj" in (18) is derived under the assumption that F avoids incurring not only
the variable cost but also the fixed cost, if the partnership is interrupted. One can imagine that the fixed cost
is strictly related to the management of the activity and that it remains with the latter when the partnership is
terminated. Then, it passes to the firm that replaces F, with no effect on the overall net benefit of G from the
activity. However, it is easy to verify that, should F actually bear the fixed cost in the break-up period, then
the renegotiation payoff would be equal to aR — (1 — a)K (or to zero, when this expression is negative), rather
than to aR, with no qualitative impact on the results.
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this part of the analysis.
Lemma 6 Neither F nor G reneges following reneging by the partner.

This result is intuitive in that no partner can achieve a higher payoff than already obtained

through the previous renegotiation.

4.2 Renegotiation-proofness of the contract

Based on the analysis developed hitherto, we can formulate the self-enforcing constraints,
which must be satisfied for the contract that stipulates an efficient allocation to be robust to
contractual reneging. There are two sets of constraints to be considered, namely those whereby
both partners prefer to abide by the initial contract rather than terminating the partnership,
and those whereby both partners refer to abide by the initial contract rather than reneging on

it to reach a new agreement.

4.2.1 Initial contract vs break-up

Under the assumption that each partner has a zero outside option, neither of them prefers

to terminate the contract and take that option as long as the following conditions hold:

wy (q)) S P+aR [+

2
T T - 1+r (0)

v
Av’
Under the first two conditions, the benefit that G obtains from the project is sufficiently high
relative to the cost it incurs for the realization of the project and to the cost that it expects to
bear if it reneges on the contract and the relationship is terminated. Under the last condition,
the cost of investment is, in turn, sufficiently high to warrant that the profit IT} , (as defined in
(7)) is not too low to motivate F to terminate the relationship during operation. Henceforth,
we take (20) to be satisfied such that the contract is not reneged upon, unless some partner

expects to reach a better deal within the relationship.
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4.2.2 Initial contract vs renegotiation

Under the conditions in (20), the only self-enforcing constraints to be considered are those
whereby both F and G prefer the initial contract to the new agreement they could reach through

renegotiation. The constraints are given by

I, > 0%, Vi, T (21)
Vi, > Vi i, T (22)

Using (15), (16), (18) and (19) and noticing that (21) is tightest for 7 = T; — 1 and (22) for

7 =0 and for i = [, we can rewrite (21) and (22), respectively, as follows:

In 104(1—;1”)]%1_[* T
E < a(l+r)R—r .0 7 \V/’L, if aR Z ,0 (23)
In(1+7) 1+r
P+ aR
I _ 24
W< 21O (21)

From (23), we see that the temptation for F to renege is related to the duration of the contract
such that (23) potentially conflicts with (9) in state [. From (24), we further see that, by
contrast, the temptation for G to renege is independent of the duration of the contract. The
two conditions are explained as follows. (23) reflects the circumstance in which, as time passes,
the residual contractual profit II; . becomes smaller relative to the expected renegotiation profit
aRr/(1+r). This makes it more difficult to motivate F to honor the contract through the
choice of the termination date, regardless of the state of nature. This issue is exacerbated
when the duration is long because, in that case, the contractual profit is diluted over a greater
period. (24) reflects the circumstance in which G is most tempted to renege at the outset of
the operation stage regardless of the contractual term. This temptation is stronger in the good
state, in which G owes a higher profit to F' (Il > IIj ;), which explains why (24) is stated for
1=1.

Based on the irrelevance of the contractual length in (24), we take this condition to hold when
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drawing our subsequent results concerning the optimal choice of 7; and Tj,. However, before
turning to that, we further inspect (24) to learn more about the incentives of G. Unsurprisingly,
P and R act as substitutes in the trade-off that G faces between complying with the initial
contract and renegotiating. Thus, for G to be motivated to honor the contract, at least one of
P or R must be sufficiently high. This is more clearly viewed by substituting (6) into (24) and

remarking that (24) is weakest when AIl = ¢/Av, in which case it is specified as follows:
Y
Pz (1+7) |1+ (1=w) 5| —ak. (25)

This condition shows that the minimum penalty that a court must be able to impose is lower
the higher the cost of break-up is to G. Notice, however, that the minimum necessary penalty
also depends on the initial investment. Given R, the more the firm contributes to the project
up front, the more attractive the break-up is to the government and the higher the sanction
that the government must face for not terminating the partnership. Whereas we draw our
subsequent results assuming that P and I are such that (25) holds for any given R, we will
reconsider the restrictions that limited penalties impose on the size of the private investment

when stating Corollary 3 below.

4.3 Enforcement of the contract under limited commitment

We now return to the choice of the contractual length and, particularly, to the potential
conflict between (9) and (23) with regard to the choice of 7;. This conflict reflects the circum-
stance in which it might be difficult to motivate F to abide by the contract while also extracting
information from F in state h. Proceeding as in the previous section, in the results below, we
refer to the triplet { AIl, T}, T}, } as to the decision variables through which an efficient allocation

is decentralized.

Lemma 7 Assume that (20) and (25) are satisfied. There exists a triplet {AlIl, T;,T,,} such
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that the contract stipulating an efficient allocation is renegotiation-proof if and only if:

R < {1+(1—y0)i}

Abqgf/ (14 7)
Av )

VA (26)

To see why (26) is necessary, suppose it is violated. Then, it is impossible to identify a value
of T; such that adverse selection is addressed in state h, together with the firm’s opportunism
in state . Whereas T; must be sufficiently long to comply with (10) for F to reveal the high
cost, T; must also be sufficiently short to comply with (23) in state [. Otherwise, F could
extract more from G than the residual contractual profit, cashing in the high cost of break-up.
Interestingly, (26) is also sufficient for implementation of an efficient allocation, provided that
different termination dates can be chosen for different states, if it is convenient to do so. Indeed,
by separating the choice of T}, from that of 7}, one can satisfy the self-enforcing constraint (23)
in state h, without being concerned with the lower bound that (9) imposes on the duration of
the contract, provided that bound only applies in state [. The core result of our study, to be
presented in a moment, is that enforcement of the contract that stipulates an efficient allocation
does require relying on a state-dependent duration for some intermediate values of R. Before

formalizing this result, it is useful to define the following:

In a(l+r)R
T}llc (AH) = a(14+r)R—r(I+¢p—v1 AII)
In(1+r)

This is the contractual length such that (23) is saturated in state h whenever the cost of

break-up is sufficiently high for that to occur for a finite value of T}, (i.e., whenever aR >

(I +v¢—viAll)r/ (1 +1)).
Proposition 2 Assume that (20) and (25) are satisfied. Under limited commitment: (i) If

E LIRSS o

< (1-v2
OéR_( YAy /Ay

then an efficient allocation is implemented contractually by setting AIl = AIl* and 1} =1T;* €
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[T (ATI*) , T (ATI*)] . (id) If

<aR < |:I+(1—V0>%:|

Afqf/ (1+7)

<J—yi) Abq;/ (1 +7) /(1)

"Av v/ Av (28)

then implementation of an efficient allocation implies that T;* < T (AIT*) < T (AIT*) < T+,

VAIT* € [Aiﬂ] .

The main result of the proposition, stated in part (i7), is that if G wants to attain efficiency
when the cost of break-up is sufficiently - though not too - high (such that (28) holds), then
G should set T3 < T;*. That is, the contract should stipulate that F will run the activity
for a greater number of periods if the cost is low, whereas the partnership will have a shorter
duration if the cost is high. To appraise the relevance that moral hazard and adverse selection,
on one side, and limited commitment, on the other, have for this result, it is useful to restate

(27) as follows:

WR < r Aé’ql/r.
1+ A/

(29)

First, (29) is tighter the higher the rate AII/II} ; at which the profit grows from the bad
state to the good state. As this rate is lowest when (3) is binding (AIl = ¢/Av), the extent
to which (29) can be relaxed depends on the severity of the moral hazard problem. Second,
the higher the risk to which F is exposed, the more severe the punishment that F faces in
state h, and the stronger the temptation of F' to understate the cost to escape punishment. To
eliminate this temptation, F should face a sufficiently high penalty if it claims [ in state h. The
highest value the penalty can attain is Afg//r in a contract with infinite duration. The lower
this value, the more difficult it is to induce truth-telling in the bad state, the tighter (29) is.
Third, a harsher punishment makes F more eager to renege on the contract during its execution.
Then, (23) is satisfied in state h only if the expected benefit to F from renegotiation, namely
aR, is sufficiently low. The more beneficial renegotiation is, the more difficult it is to motivate
F to abide by the contract and, again, the tighter (29) is. This all explains why the severity

of moral hazard and adverse selection and the limits to commitment matter in the result of
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Proposition 2. If exerting effort were costless, then G would not need to punish F in the bad
state. The profits could be set equal in the two states and (29) would hold trivially, entailing
that the adverse selection problem would be addressed together with the commitment problem
in a fixed-term contract. When effort is, instead, sufficiently costly, if the penalty Afq;/r is
not high enough or the renegotiation payoff R is not low enough, then those two problems
cannot be addressed simultaneously unless 7™ < T;™.

Recalling from Proposition 1 that switching from a fixed to a state-dependent duration
enhances the possibility of changing the duration to compensate for changes in the per-period

reward /punishment to F, we can state the following corollary.

Corollary 2 IfTj (y/Av) < T (1/Av), then the contract that stipulates an efficient allocation

s made renegotiation-proof by setting z, above g :

aR v 147 .
2 2 o > q-
I+ — v All* Av Af

By reducing the contractual length below T (¢»/Av) in the bad state, the per-period pun-
ishment to F can be raised above the maximum value of v;Afg; that would be consistent with
the adverse selection constraints in a fixed-term contract.

An important observation is in order to complete this part of the analysis. We argued
that under limited commitment it might be necessary to decrease T} because, by doing so,
the compensation to the firm is not diluted over too many periods, and hence it is not too
low in each period. Thus, at each 7, the residual profit is sufficiently high to induce F to
continue executing the contract. Based on Corollary 2, one might wonder how it is possible
that F obtains a higher profit in each period if the contract is shortened, provided that F faces
a punishment in state h. This is because the per-period cost of capital is increased as T}, is
reduced. Hence, even if the firm is subject to a greater per-period punishment, sufficient to
keep the adverse selection constraints satisfied, it will receive a higher per-period profit overall.
This effect cannot occur in Engel et al. [8] - [9] because the cash flow is exogenous in their

framework, as we said, and hence the per-period profit is not an instrument to shorten the
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duration of the contract. Obviously, the component of the per-period profit related to the cost
of capital is also higher the greater the investment is. Therefore, the nexus between I and
P can be used to assess whether a state-dependent duration is necessary, depending on how
substantially the court is able to fine G. Indeed, using (25), one can see that, for any given
value of P, there is a maximum level of investment that the firm can be required to make up

front, defined as follows:

— (1 =) - (30)

Evidently, I (P) is lower the lower P is. Because T}° (1)/Av) increases with I, whereas T (1//Av)
is independent of the cost of investment, it is clear that conditioning the contractual length on
the state of nature is more important the weaker the ability of the court to fine the government
is. Intuitively, if the investment is low, then the cost of capital to be repaid to the firm in each

period will also be low, unless the relationship has a short duration.

Corollary 3 If

v/Av
Abq;f

e
Av’

P < (147r)>—1|aR+ (1+7) (31)

then an efficient allocation is contractually implemented only if Ti* < T (AIT*) < T (AITl*) <

kok
Ty,

4.4 An example

To illustrate the analysis developed thus far, we provide a numerical example. Take S (q) =
20¢Y/ee /(e — 1) such that p(¢) = S'(¢) = 20¢~*/¢ is an inverse demand function with
constant elasticity equal to €. Further take ¢ = 1.2, ¢ =40, v1 = 0.7, vy = 0.3, 6§, = 5, 0;, = 8,
I = 130, r = 0.03. The profit wedge AII such that (3) is saturated is equal to 100 and the
profits in the two states are II; o = 200 and II; o = 100. Accordingly, 7" (100) = 7.1. Further,
taking R = 50 and o = 0.5 yields T}¢(100) = 4.2. This means that, for the contract that
implements an efficient allocation to be enforced, the partnership should last at least 7 years

in the good state and at most 4 years in the bad state. Starting from a fixed term of 7 years,
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a reduction to 4 years in state h is matched with an increase in the per-period profit 7, from
16 to 26.9. The increase in 7, reflects the fact that the firm is allowed to obtain a profit of
ITj, o = 100 in a shorter time. However, neither shirking in construction nor cost exaggeration in
operation is encouraged because the per-period punishment 1Az, is increased, in turn, from
11.23 to 18.83. Ome can verify that the necessary conditions in (20) are all satisfied and that
(25) is satisfied if P > 181.

Now, let R, ¢, [ and P vary one by one, while all other parameters remain unchanged.
Proceeding in this way, a state-dependent duration is found to be necessary if (i) the cost of
break-up is not too small, R > 30, in which case T}¢ (100) < 7.1; (i7) demand is not very elastic,
e < 1.55, in which case T (100) > 4.2; (iii) the cost of investment made by F is not too high,
I < 194, in which case T}°(100) < 7.1; and (iv) the penalty that the court can impose on G is
not very high, P < 246, and hence the investment must be such that I < 194 (i.e., (31) holds),

entailing 77 (100) < 7.1.

5 Declining cost of break-up

In PPPs, reputation concerns represent an essential component of the cost of a break-up.
The government may face a loss of reputation and/or credibility for not being authoritative
enough to have the contract executed by the project partner and/or for breaking promises vis-
a-vis current and prospective investors, customers and voters (see Guasch et al. [14] and Irwin
[22]). One expects this loss to decline during the execution of the contract because expropriation
of the private investor after two years is likely to have a stronger impact on reputation than
expropriation after twenty years. To consider this possibility, in this section, we assume that
the cost of break-up to G, now denoted Ry._, in state ¢, is higher the greater the residual
contractual period T; — 7 is (see Danau and Vinella [5] for a similar approach). That is, for
any given 7, the cost of break-up is higher the greater T; is; for any given T;, it is lower the
greater 7 is. For convenience, we also assume that the function Ry, is invertible. Based on

the same arguments as above, the maximum that F can expect to obtain, in equilibrium, from
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all perspective renegotiations starting from period 7 amounts to aRy,_.

The fact that not only the residual profit of F but also the cost of break-up to G declines
as the residual contractual length declines is essential to determining whether, in each period,
the contract is executed, a new agreement is reached, or the partnership is interrupted at all.
Depending on the speed at which the cost of break-up declines relative to the residual profit,
either F' or G becomes more eager to renege on the contract. To see this, it is convenient to

rewrite (21) and (22), respectively, as follows:

0,5 > aRp_,, Vi,r, T (32)
T
_ P+aRp.. ..
me Joor o DX g (33)
Y 1+7r

For the analysis to be meaningful, we assume that the court can impose a sufficiently large
penalty P > raRr,_,, Y7, T;, which is necessary for (32) and (33) to hold simultaneously, for
all values of T; that are relevant for the subsequent findings.

Unlike under a constant cost of break-up, it is no longer clear that the self-enforcing con-
straint of F' becomes tighter as one moves from period 7 to the subsequent periods. Indeed,
in either state, not only the residual profit but also the potential renegotiation benefit to F
decreases as time passes. A similar issue arises with regard to G. It is no longer clear that G
is more eager to renege on the contract at the outset of the operation phase, provided that
breaking up the partnership becomes less costly as time passes. Thus, everything depends on
how sharply the cost of break-up decreases from one period to the next.

First, suppose that the rate at which the cost of break-up decreases is small enough to

satisfy
IYTZ‘ e a ,VTZ — (T+1
T,

o (Rr,—y — Rr—(ran)) < 11, L, Vi, T (34)

One can interpret this condition as follows. Starting from 7 = 0 and from some cost Ry, of
terminating the partnership at the outset of the operation phase, the cost of break-up remains

relatively high in all periods as 7 increases. Under this condition, (32) is tightest for 7 = T; — 1
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and (33) is tightest for 7 = 0, and they are, respectively, rewritten as follows:

111 —Ra?1(1+r)n* T‘H*
T, < THAN) = el 2 i Ry > —22
In(1+7) L+
P Ry
I, < ﬂ’
’ 1+7r

where T}! (AIl) is the counterpart of T/¢ (AIl) with R; replacing R. Denote Y () as the inverse

function of Ry, to further reformulate the latter constraint as follows:

1 II;,— P
ﬂZT(< _'_T) 1,0 )

«

This shows that a lower bound may now appear on the contractual length. Intuitively, for
G to be unwilling to terminate the partnership prematurely, the interruption must occasion a
sufficiently high cost in each period of operation. When the cost of break-up decreases over
time, it might be necessary to set the duration long enough to ensure that the cost remains
sufficiently high as time passes. Taken together, (32) and (33) may define a range of admissible

termination dates for each state 7 :

" ((1—1—7‘)11;5"0—}7

)smzl(m)-
(0%

Obviously, the range is bounded from both below and above as long as both T (-) and T} ()
are finite values. Note that the existence of a range of termination dates T} is guaranteed by
the existence of profits II}, jointly satisfying (32) and (33). Because II; ; < I}, the range of
admissible values of T}, is shifted downward relative to the range of admissible values of ;. In

particular, when the upper bound on 7}, lies below the lower bound on 7;, namely:

(35)

TH(AIN) < Y <<1+T)H?’° _P) ,

(07

the admissible values of T}, are all smaller than those of T;. This shows that, unlike in situations

in which the cost of break-up is constant, here, the self-enforcing constraints alone may require
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shortening the duration in the bad state relative to the good state.!

Of course, the restrictions resulting from the self-enforcing constraints must be consid-
ered jointly with the upper bound and the lower bound imposed on 7; and 7} by (9) and
(10), respectively. When (35) is violated and the self-enforcing constraints can be satis-
fied with 7; = T}, it remains necessary to set T), < T; if either Tj} (AIl) < T (AI) or
T([(1+7) I, — P] /o) > T (AIl). Starting from a fixed term of T}, = T} = T set in such
a way that moral hazard and adverse selection are addressed, either 7} should be decreased
below 7; to prevent F from reneging in state i or 7; should be raised above 7}, to make reneging
costly enough to G in state [. Statement (i) in Proposition 3 below mirrors this reasoning,.

A similar reasoning applies to the subsequent statements (i7) and (#ii) , which refer to cases
in which Ry,_, decreases more sharply with 7. Based on this similarity, we only provide a brief
description of such cases before formalizing the proposition. First, when the cost of break-up

decreases sharply enough to satisfy:

R'—’T_R'—T —T —(T
oW Ti—(T+1) H:OVTZ VT—(r+1

1+7r - V1,

L, Vi, 1, T;, (36)

(32) is tightest for 7 = 0 and (33) is tightest for 7 = T; — 1, and they respectively become:

IT?,
T, < T(—
Q

T, > T?(AI) =

P+aR,
In PraR; il

In(1+7r)

The range of admissible termination dates for each state i is given by:

«

II*
T}(A) <T, <7 (—0) .

As the inequality ITj > ITj ; entails that both T} (AII) and Y(IT} /) are lower in state  than

in state [, the range of values of T}, is shifted downward relative to that of values of T}, with a

13Notice however that it is to satisfy (3) and (5) that the profits are such that I} o <10},
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similar conclusion to the previous case. Furthermore, a similar conclusion is also reached when:

Rr,+ — Rr,(+ i—1 I T—(7 .
a0 Lotrtl) o qpr Ir T IBCHD < (Ry L — Ry i), YioT, T (37)
L+ ’ V1

Then, both (32) and (33) are tightest for 7 = 0, and the following range of values of 7; is

1 I, — P II*
T(( +T) 2,0 )§E§T< ’L,O).

« (07

identified:

We can now summarize the results in a proposition.

Proposition 3 For an efficient allocation to be implemented contractually, it is necessary that
the duration of the contract be state-dependent and such that Ty, < T, if, Vi, 7,T; :

(1) (34) holds together with

ater () < wmin{r (LE=PY (0]

or T(%) < T<(1+T)§?’O_P)

(1) (36) holds together with

cer (1) < {2 (£ 2(2))
T(5) < 7 (x)

(73) (37) holds together with

either T <%) < min {T <(1 ) o = P) ; L (i> }
« o Av
or T(i) < T<(1+T)H?’O_P).
Av «

Proposition 3 is the counterpart of Proposition 2 in the case in which the cost of break-up

declines as the contract approaches its termination. It shows that, just as in the case of a
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constant cost of break-up, it might be necessary to adopt a contract with a state-dependent
duration and that, when this is the case, the termination dates must be set such that 7}, < T;.
However, unlike in the case of a constant cost of break-up, there are three alternative reasons
for T}, < T;, two of them being new. First, a fixed-term contract might fail to simultaneously
eliminate the incentives for the two partners to renege. A low value of T} is more likely to
motivate F to abide by the contract because recovery of the initial investment occurs rapidly,
and this makes the contract more beneficial to F relative to renegotiation. A high value of
T, is more likely to motivate G to comply with the contract because reputation concerns are
especially important when the contract is long-term. Second, and in line with Proposition 2,
it might be necessary to couple a low value of T}, with a high value of T; to be able to address
the information problems together with the commitment problem on the firm’s side in the bad
state. Third, it might be necessary to couple a high value of T; with a low value of T} to
be able to address the information problems together with the commitment problem on the

government’s side, provided that 7}, cannot be set too high under Proposition 1.

6 Further considerations

We characterized an efficient allocation and identified conditions under which it can be
implemented contractually. Provided that the efficient allocation does not depend on the specific
length of the contract, we could investigate how the contractual term should be set to address
moral hazard, adverse selection and limited commitment altogether. In practice, there might
be cases in which efficiency itself depends on the contractual term. Thus, when moral hazard
and adverse selection have bite together with commitment problems, the optimal contractual
length would reflect the trade-off between efficiency and the costs of incentive provision. We
hereafter provide a synthetic overview of possible reasons for this trade-off to arise and leave

further investigation for future research.
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Different discount rates In situations in which the discount rate of the government differs
from that of the firm, the desirability of PPP arrangements in the realization of infrastructure
projects may be affected.'* Let rr and rg be the discount rates of F and G, respectively, which
are potentially different. Accordingly, use the notation v£" and 4¢ with the same meaning as
before. Under complete information, the profit of F at date 7 amounts to I, = 7yf__| whereas
the return of G is given by V; = w(q)y$_ . —T (7, T)II,, where I' (7, T) = ~%__/v%__. Focusing
for simplicity on a fixed contractual term 7T, the expected payoff of G from the entire life of the
project is given by

Ew (g

E[W;] = N v+,

) TG

When rg # rp, this is not independent of the choice of T'. In particular, a government that is
more impatient than the firm (rg > rp) will find it optimal to set 7' — oo, which is tantamount
to privatizing the activity, to minimize I" (0,7") . Intuitively, an impatient government valuing
future consumption less than current consumption delays the social cost of the payments to the
less impatient firm by diluting those payments over as long a time interval as possible. Whereas
efficiency calls for privatization, incentive issues are addressed only if the contract has a limited
duration, at least in the bad state of nature. Therefore, the government would face a trade-off

between efficiency and incentive provision.

No transfers Public transfers to firms are sometimes forbidden. For instance, the EU requires
that build-operate-transfer concession holders rely exclusively on revenues from market sales.'?
Having thus excluded transfers, the quantity, and hence the price, and the contractual length are
the only available incentive tools, entailing that, as before, the choice of the contractual length
is not neutral with respect to efficiency. For each state i, there is an optimal price-duration
pair {p(q;),T;} trading off intertemporal budget balancing, under which the firm recovers both

the initial cost of investment and the costs of production during the execution of the contract,

MFor instance, the discount rate may be lower for governments that are perceived to be reliable and thus
have cheaper access to financial resources than their private partners. The discount rate may be higher, instead,
for governments with an urgent need for revenue.

5For instance, Auriol and Picard [1] mention the Channel Tunnel project.
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and average cost pricing, under which the provider operating the activity after the end of the
contract breaks even. To clarify this trade-off, let us write the payoff of G from the entire life

of the project:
S(q7°) — p () g
r(l+ )

E [(S(¢:) — p (@) @) v, +

)

where p (¢7°) = 6; + K/qf° and the superscript ac is appended to denote average cost. The

intertemporal budget constraint of F, when it exerts effort in construction, is given by

E [(P () ¢ — bigi — K) vTi] > 1+

Letting 11 be the Lagrange multiplier associated with this constraint, the efficient pricing scheme
is characterized by the standard Ramsey-Boiteux rule, with the Ramsey number depending on
1, whereas a corner solution emerges from optimization of the Lagrangian with respect to the
contractual length. That is, 7; should be set either very high or close to zero, according to the

sign of the following expression:

—[(S(gi) — p (i) 4i) — (S(@) — (@) @) + 1 (P (@) @ — Oigs — K),

which in turn depends on the magnitude of p. Intuitively, when the initial investment is impor-
tant (u is high), it is preferable to let the private partner recover the associated cost through an
infinite number of periods to minimize the price distortion in each period. This is tantamount
to a full privatization of the activity. By contrast, when the initial investment is small (u is low),
it is better to let the firm recover the associated cost as soon as operation begins and then revert
to average cost pricing in each subsequent period under new management (whether public or
private). This is very similar to traditional procurement. Our analysis indicates that incentive
considerations impose lower and/or upper limits on the choice of the contractual length. Hence,
once incentive issues are accounted for, a corner solution is unlikely to be suitable. Particularly,
when the duration of the contract cannot be too long, the desirability of a PPP arrangement

is restored.
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Fixed price In some instances, public authorities prefer to fix the consumer fee prior to the
activity being operated. That fee is then adopted by the firm during the management phase
regardless of the specific operating conditions. If the price were required to be fixed in our
model, then the firm’s profit could still be conditioned on the state of nature through a proper
choice of the transfers and the termination dates, but the resulting mix of price distortions
and costly transfers would no longer be optimal even under complete information. If public
transfers were also excluded (one may consider concession contracts, for instance), then the

same issues as above would arise in the determination of the optimal contractual length.

In addition to situations in which efficiency depends on the duration of the contract, a
few observations are in order regarding situations in which the infrastructure becomes obsolete
after a certain number of years. Obsolescence of the infrastructure might impose difficulties in
setting a long duration when the operating conditions are good, as our analysis recommends
for incentive purposes. One can think of obsolescence of the infrastructure in two different
ways. First, the operation and maintenance cost increases over time and becomes very high
after a certain period of time. Second, the demand for the good decreases over time and, at
a certain point, becomes too low to justify the continuation of the activity. Allowing for any
such possibility would shift our analysis toward a different issue, namely whether a PPP is at
all an appropriate contractual arrangement for the development of the project, which seems to

be highly questionable as far as fast-evolving sectors are concerned.'6

7 Concluding remarks

There is one essential lesson regarding PPP contracts to be drawn from our analysis. Under
asymmetric information and limited commitment, a contract with a state-dependent duration
may perform better than a fixed-term contract. In situations in which this is the case, the

duration of the contract should be shorter if the operating conditions are unfavorable and

16See HM Treasury [19], which specifies that due to fast-changing service requirements and given the poor
evidence of past projects, PPPs are not used by the UK Government for information technology projects (p.32).
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longer if they are favorable.

There are two effects that jointly explain why the contractual length should be set in this
way. First, if the choice of the termination date is separated in the two states, then the firm
can be punished more in the bad state than would be possible if the contract had a fixed term
while remaining in compliance with the information constraints. Similarly, the firm can be
rewarded more in the good state. Second, by increasing the per-period punishment/reward to
the firm through the adoption of a state-dependent duration, the self-enforcing constraints are
relaxed. This is because the profit assigned to the firm in each period of operation includes two
components, one intended to dissuade the firm from exploiting its private information and the
other to repay the firm for its initial contribution to the project. For instance, if the duration of
the contract is shortened in the bad state relative to the good state, then the power of incentives
is reinforced, as the firm is punished more, and the contract is more easily enforced, as the firm
is repaid a higher quota of its investment in each period. Therefore, commitment is enhanced
without exacerbating moral hazard and adverse selection.

The discrepancy between this contractual approach, which emerges in an environment with
endogenous and non-contractible risk, and the flexible-term proposal, which is advanced in
the context of exogenous risk, demonstrates the need for a better understanding of the nexus
between contractual non-enforceability and contractual incompleteness as distinct sources of
limited commitment. For the optimal design of PPP contracts, it would thus be useful to
investigate further in that direction.

In terms of policy implications, our findings suggest that the duration of a PPP should
be stipulated in the contract rather than being determined during the operation phase. A
recommendation of this kind is found in the document on "Standardisation of PF2 contracts"
published by HM Treasury in the UK, which even provides a standard for bounds on the con-
tractual length.!” Our results shed light on the factors that should be considered in contractual

standardization. More generally, they offer a theoretical foundation for what seems to be com-

17 At the beginning of Chapter 3 of the draft document, one reads the following: "The Contract must specify
its duration." The draft is available at https://www.gov.uk/government /publications/private-finance-2-pf2
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mon sense in PPPs, namely that governments and firms both fair better when partnerships

take place under favorable contingencies. It is then natural that, if the term of a partnership

is to be specified in a contract, it must be set longer in the former case, unless environmental

conditions are such that a fixed-term contract can be expected to perform as well as a contract

with a state-dependent duration.
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Renegotiation process and payoffs

Suppose that a party reneges at date 7 in state i. The partners return to the negotiating

table. With probability a € (0,1), F makes a take-it-or leave-it offer to G; with probability
1 — a, G makes a take-it-or leave-it offer to F. Renegotiation either fails, in which case the
partnership is broken up; or renegotiation succeeds and the partnership is continued according
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to the new agreement reached by the partners. The party that takes the initiative optimally
makes the offer that leaves the partner just indifferent between renegotiation and break-up.

Hereafter, payoffs are determined at the beginning of period 7, taking into account that
reneging by F takes place at the beginning of the period, reneging by G takes place at the end
of the period.

Break-up payoffs Suppose that renegotiation fails and break-up follows. The payoff of F is
Hff = P/ (14 ), if G reneges; it is Hf’F = 0, if F itself reneges. The payoff of G is:

,T

. P+ R
V;f);-G = w; (¢) V1= — T, (38)
if G itself reneges; it is:
Vi = wi (@) vr, . — R, (39)

if F' reneges.

Renegotiation payoffs Suppose that renegotiation succeeds. The pair of variables {q;", HfTT}
on which the partners renegotiate, replaces the pair {q;‘, H;"T} stipulated in the contract (ac-

cording to Lemma 2, T; is not renegotiated). Whereas F obtains I1¢7, the payoff of G is:

Ve = wi (g2 v, — 112 (40)

The values of ¢, V%" and II{”. are determined in equilibrium when renegotiation succeeds.

A.1 Proof of Lemma 1

1) Suppose that F reneges.

la) With probability «, F makes a take-it-or leave-it offer to G, according to which G is left
with \/;?;F; hence, V% = Vif’;F. Replacing (40) in this equality, the payoff of F from renegotiation
is computed as 117 = w; (¢/") v7,—r — Vif’;F, which is highest for ¢/" = ¢;. Replacing ¢/" = ¢}
together with (39) in this expression yields II{7 = R.

(1b) With probability 1 — «, G makes a take-it-or-leave-it offer to F, according to which F
is left with Hff = 0. G obtains V;Y = w; (¢/") vr,_,, which is highest for ¢i" = ¢;. Replacing
" = g} yields Vi7 = w; (¢}) v, -

Based on (1a) and (1b), the expected payoff of F from renegotiation is:

" = allf" + (1-a)IF

@

= aR>0=1".

Hence, F strictly prefers renegotiation to break-up. The expected payoff of G from renegotiation

42



is:

Vit o= aVii 4+ (1—a) VY
> W ((]z*) Yr,—r — R = ‘/;?;'F‘

Hence, G strictly prefers renegotiation to break-up.

2) Suppose that G reneges.

2a) With probability 1 — «, G makes a take-it-or-leave-if offer to F, according to which
F is left with HfTG = P/(1 +r). The payoff of G at the beginning of period 7 is given by
V& = w; (¢")vg,—, — P /(1 + 1), which is highest for ¢f" = ¢;. Replacing ¢/" = ¢; yields
Vir = w, () v,y — P /(147

(2b) With probability «, F makes a take-it-or-leave-it offer to G, according to which G is
left with V;{’;G. F obtains 1§ = w; (¢{") vr,—r — Vif’;G, which is highest for ¢/ = ¢;. Replacing
¢i" = q; together with (38) yields II{7. = (R + P) /(1 + ).

Based on (2a) and (2b), the expected payoff of G is:

Vit = (1—a) Vi +ale

. P+aR
. P+ R e
> wi (¢7) Vr—r — Trr i

Hence, G strictly prefers renegotiation to break-up. The expected payoff of F is:

M = (- a) I 4ot
P+OZR> P _ 1bG
1+r 14r 77

Hence, F strictly prefers renegotiation to break-up.

A.2 Proof of Lemma 2

In the proof of Lemma 1, ¢/" = ¢}, Vi, regardless of whether F or G reneges on the contract.

A.3 Proof of Lemma 3

The per-period profit 7} that F would obtain under the new agreement following reneging
in period 7 is such that:
07 = 7l (41)

)
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Recall from the proof of Lemma 1 that, when renegotiation follows reneging by F, the payoff
of F is II]7? = aR. Using this in (41), the residual profit of F at any 7/ > 7 is:

~ Y1,— Yr,—
™ _ ™™ =T i T
0y = Ty = 0T = g R
’YTZ‘*T /YTifT

If F reneges again at 7/, then it obtains:

V1 —r T
I =17 = aR > aR—— =11, 7 ;.
V1, —r

Therefore, the belief that F will not renege at 7’ leads to F reneging again at 7’.

A.4 Proof of Lemma 4

Using (17), the following results are obtained proceeding by backward induction:

Xim—1=R
XiT‘fl R
X;p o=R— =0l _p_
T2 147 147
XiT-—Q XiT-—l R
Xi .= R — ) o 4 —R—
A3 I+r  (1+7r) L+
Xi - XZ - XZ L R
Xy, = R — 2Tzl 20T 4;2_”‘_7—371“:3_ '
Ltr (1+7) (1+47r) 1+r

A.5 Proof of Lemma 5

The per-period benefit of G if the contract is renegotiated in period 7, is the value of v; ,
satisfying the following:
VZ‘? = VigVT,—7-

The residual return of G at 7" > 7 is given by

~ Y.
Mmoo = v, S VAN i
‘/i,r’,‘r - UZ,T,'VTZ-—T’ — ‘/i,T :
ryTi—T

Recall from the proof of Lemma 1 that, if G reneges and renegotiation follows, then the payoff
of G at the beginning of period 7 is V7' = w; (¢;) vr,_, — (P +aR) /(1 + 7). Hence, V] is

rewritten as follows:
P + O[R W/Ti_T/

1 +7ﬁ ,yTifT '

7'77,17' = W (q:> ’YTL‘—T/ -
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If G reneges at 7', then it will have to again forego (P + aR) /(1 +r), thus obtaining V;7,
instead of V"

a7 T

Because

e P+aR Y — 7
V'f‘ﬂ; = w; ,:( T T
1,7, T (q ) P)/TZ 1+7r fYTi_T
* P+aR rn
> wi () Vr— — 11r V=7 = Vigrs

G prefers V7, to VT

1,7 T

A.6 Proof of Lemma 6

As P+ aR > aR, F gains less if it reneges at the beginning of period T; — 1 following
reneging by G at the end of period T; — 2.

As (P+aR)(1+7)>a[R—R/(1+71)], F gains less if it reneges at the beginning of any
T €{1,...,T; — 2} following reneging by G at the end of period 7 — 1.

The two above inequalities further imply that, if G reneges at the end of any period 7 €
{0,...,T; — 1}, then it must concede a higher profit to F than if F reneges at the beginning of
period .

B Enforcement under limited commitment

B.1 Proof of Lemma 7

(23) in state [ is specified as follows:

a(1+47)R
In a(I+r) R—r[I++(1—v7) AT

In(1+7r)

T < T (ATl) =

3T, satisfying both T (All) < T; and T} < T}¢(AIl) if and only if T (AIl) < T}¢(AIl) or,
equivalently:
_L+v+ (1—v) ATLAYG;

afl < ATl 1+7r

This condition is weakest when AIl = 1)/Av. Accordingly, it is rewritten as (26).

B.2 Proof of Proposition 1

We first derive conditions (27) and (28). We then prove that cheating off the equilibrium
path (i.e., misrepresentation of 6; anticipating reneging in period 7) is not an issue.
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B.2.1 Derivation of (27) and (28)

Take T; = Tj, = T. According to Proposition 1, ITj, > II} ;. Using (7), (23) is specified as

T < T}¢(AIl) . Using the definitions of T} (AIl) and T (AIl) , we verify that T} (AIl) > T (AII)
is equivalent to:
I+ — 1 All Abg;

R<
@ Al 147

(42)

This condition is weakest when AII takes the lowest feasible value according to (8): AIl =
¢ /Av. Using this value, (42) is rewritten as (27).
Suppose now that (27) is violated, which combined with the necessary condition (26) leads

o (28). From (9) and T' < T} (AIl), it follows that T), < T} (AIl) < T (AIl) < T;.

B.2.2 Information release when reneging is anticipated

Let Hf?TN denote the payoff that F would obtain in state ¢, discounted at time 7, if it were to

cheat at the outset of the operation phase and reneging were to occur at 7. We only consider
the case in which F might renege at 7, provided the case of G reneging is analogous. Moreover,
let 7}, be the per-period profit in state ¢ in period 2 € {0,...,7}. F has no incentive to lie if

and only if

Tt A1 RN

M, > S TR T (430)
; (1 + ) +1
S AN RN
M, > TSy, (430)
— (1+47) +

We hereafter show that (43a) is satisfied. If F reports h at date 0, in state [, and the con-
tract is renegotiated at some 7 € {0, ...,T), — 1}, the profit of F through the residual periods
{7, ..., T, — 1} is given by

T),—1

Af
I

1+7"Th v

where II}" is the profit that a high-cost firm can extract in case of renegotiation. Hence:

Th, RN Th
7T AbOq;

HRiV _ I, _ HrnT + h )

sz;—l (1 + T)Th_x " :1:27';-1 (1 + T)Th_x

(43a) becomes:
Th,
. AbOq;
Iy = Hh0+z h) (44)

Th

Ty,
1 Abg: N
o [+ Yy Y ]
(L+r) | ; (1+r)e ( & ; TES
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Recalling that (23) in state h is equivalent to ITj = > II}" | we see that

H* & eqh Hrn - Aeqi‘z
hT+Z (1+r)— = et 2 (1 +7)h

Hence, (43a) is implied by (5) and (23).
Similarly, one can prove that (43b) is implied by (4) and (23).

B.3 Proof of Corollary 2
For j = h and AIl = ¢/Av, (12) is written as follows:

v
Aezh%ﬁh T AL
which is reformulated as follows: N
T — In AezhfrzZ/AV
L = oA/ oY
In(1+7r)
Hence, T}, < T}¢ (¢/Av) if and only if
aR 1+r @D

2 I —vo/Av A8 Av’
Moreover, T}¢ (v/Av) < T (1/Av) if and only if

aR i1+r> .
T—vov/AvAv Ao~ 0

The result follows.

B.4 Proof of Corollary 3
Recall the condition to the left in (28):

aR > ([_,,Ow)w,

Av v/ Av
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This is tightest for I = I (P). We replace the expression of I (P) from (30) to write

P+aRAbg/(1+7)  Abg

R > :
“ 1+7r v/ Av 1+7r

Rearranging yields (31).
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