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Abstract

We build on the existing literature in public-private partner-
ships (PPP) to analyze the main incentive issues in PPPs and
the shape of optimal contracts in those contexts. We present
a basic model of procurement in a multitask environment
in which a risk-averse firm chooses noncontractible efforts
in cost reduction and quality improvement. We first con-
sider the effect on incentives and risk transfer of bundling
building and management stages into a single contract, al-
lowing for different assumptions on feasible contracts and
information available to the government. Then we extend
the model in novel directions. We study the relationship
between the operator and its financiers and the impact of
private finance. We discuss the trade-off between incentive
and flexibility in PPP agreements and the dynamics of PPPs,
including cost overruns. We also consider how institutions,
and specifically the risk of regulatory opportunism, affect
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contract design and incentives. The conclusion summarizes
policy implications on the desirability of PPPs.

1. Introduction

Under a public-private partnership (hereafter abbreviated as PPP), a lo-
cal authority or a central-government agency enters a long-term contract
with a private supplier for the delivery of some services. The supplier takes
responsibility for building infrastructure, financing the investment, and then
managing and maintaining this facility.

PPPs are being used across Europe, Canada, the United States, and a
number of developing countries as part of a general trend seeing an in-
creasing involvement of the private sector in the provision of public services,
under the form of privatization, deregulation, outsourcing, and downsizing
of government.! PPPs have traditionally been employed in transportation,
energy, and water but their use has recently been extended to IT services,
accommodation, leisure facilities, prisons, military training, waste manage-
ment, schools, and hospitals.

In Europe, the PPP approach was pioneered by the private finance ini-
tiative (PFI) launched in 1992 in the United Kingdom.? By 2009, approx-
imately 800 PFI projects had been signed for a capital value of 64 billion
(HL 2010).% Other European countries have also invested in PPPs, especially
France, Portugal, Spain, and Italy. Overall, more than 1300 PPP contracts
have been signed in the EU from 1990 to 2009, representing a capital value
of more than EUR 250 billion (EIB 2010). In the United States, PPPs are
most common for projects involving highway and road transportation, rail,
water supply, and waste water treatment (CBO 2007).* In developing coun-
tries, PPP agreements have grown steadily since the 1990s. According to the
World Bank’s Private Participation in Infrastructure (PPI) database, between
2000 and 2010 twenty-nine countries in Latin America and the Caribbean
implemented 688 infrastructure projects with private participation for capi-
tal value of US$191 billion. Between 2000 and 2010, 17 countries out of the
23 in East Asia and Pacific implemented 908 infrastructure projects with pri-
vate participation for capital value of U.S. $154 billion. India is the largest
market for PPI in the developing world.

! Armstrong and Sappington (2006), Levin and Tadelis (2010), Estache and Imi (2011).

2 Grout (1997).

#Vilila, Kozluk, and Mehrotra (2005).

*In the United States, the cumulative project costs of PPPs funded or completed by
October 2006 totaled about $48 billion out of nominal capital spending on infrastruc-
ture by the federal government and states and localities of $1.6 trillion between 1985 and
2004 (averaging $80 billion annually). A number of PPPs were also developed in the 70s
for inner-city infrastructure (see Rosenau 2000).
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Despite this worldwide growth, evidence on PPP performance remains
mixed.> On the one hand, PFI projects in the UK seem to be delivering
cost saving compared to traditional procurement.® Improvements in com-
pletion time and cost of delivery have also been achieved,” and public bod-
ies using private finance have shown satisfaction with the services provided by
contractors.®

On the other hand, PPPs have resulted in higher water prices than tradi-
tional procurement in France.” PPPs seem also unsuitable for fast-moving
sectors; performance failures have been widespread in PPPs for special-
ized IT in the UK. Existing evidence also suggests that renegotiation has
played a pervasive role in PPPs worldwide. In Latin American and Caribbean
(LAC) countries, governments have sometimes failed to enforce contracts
and projects have been abandoned.!” Adverse institutional conditions have
also mattered. High transaction costs and unrealistic demand expectations
have made PPPs in Central and Eastern Europe less successful than in other
countries.!!

These pieces of evidence not only question the values of PPPs but also
call for a better understanding of the incentive issues in PPPs. This paper
aims to build on previous works so as to identify circumstances in which the
main characteristics of PPPs are suitable to provide adequate incentives for
private contractors in infrastructure and public service provision. We also
extensively describe the empirical evidence on PPPs and use our insights to
derive clear policy implications.

For our purpose, we characterize PPPs by three main features: (i) tasks
bundling, (ii) risk transfer, (iii) long-term contract.

(i) Bundling. A PPP typically involves bundling design, building,
finance, and operation of the project, which are all contracted out
to a consortium of private firms. The consortium includes a con-
struction company and a facility-management company and it is re-
sponsible for all aspects of services. The DBFO model (“Design,”
“Build” “Finance,” and “Operate”), the BOT model (“Build,” “Op-
erate,” and “Transfer”) or the BOO (“Build,” “Own,” and “Oper-
ate”) all account for bundling of building and operations but differ

® For a general and comprehensive discussion of PPP successes and failures, see Engel,
Fisher, and Galetovic (2014) and the countries studies therein.

% Arthur Andersen and Enterprise LSE (2000).

" The HM Treasury (2003) reports that 76% of PPP projects have been completed on
time, compared to 30% of traditionally procured projects. However, we do not know what
the time line was, so we are unable to assess whether PPP delivered faster projects than
traditional procurement.

8 NAO (2009).

? See Chong, Huet, and Saussier (2006).

19 Guasch (2004).

I Brench et al. (2005).
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with regard to the ownership of the infrastructure at the end of the
contract, which may either be retained by the private sector (e.g., as
under BOO) or be transferred to the public sector (e.g., as under
BOT).

(ii) Risk transfer. Compared to traditional procurement, a PPP involves
a greater transfer of risk and responsibility to the contractor. A
system of output specifications is used: The government specifies
the service and the basic standards, but leaves the consortium with
control rights and responsibility over how to deliver the service
and meet the pre-specified standards. So design, construction and
operational risk are generally substantially transferred to the
private-sector party.

(iii) Long-term contracts. A PPP is a long-term contract lasting typically
20 to 35 years. The payments to the private-sector party for the use
of the facility is made either by the government (as in the case of PFI
projects) or by users of the facility (as in more standard concession
contracts).

To capture those features, we present in Section 2 a simple model of
procurement. Consistent with real-world evidence, our model features both
aspects of the optimal contracting (the contractibility of some profit dimen-
sion and the need to share operating risk) and the property rights litera-
tures. Moral hazard is key to investigate two issues that are pervasive in the
economics of PPPs. The first one is the existing agency costs borne by gov-
ernments when delegating to the private sector the task of providing a public
service. The second one concerns risk-sharing between those parties. A key
point of our analysis is to discuss the nature of agency costs and risk-sharing
in a multitask environment where the agent not only manages assets nec-
essary to provide the service but also may design, build, and finance these
assets.'?

Section 3 isolates conditions under which bundling of project phases
(in particular building and operation) is optimal. An important distinction
that we draw is between positive and negative externalities across different stages
of production. Positive externality (resp. negative externality) refers to the
case where a building innovation reduces (resp. increases) costs at the man-
agement stage. We show that when the externality across stages is positive,
bundling then forces contractors to look at the long-term performances
of the asset (the so called “whole life asset management”) and boosts the

'2 In our view, this multitask aspect of the delegation process is what makes the theoretical
analysis of PPPs quite specific compared with the whole literature on privatization. This
literature analyzes the agency cost of delegation to the private sector when a single task has
to be performed by the private sector. See the seminal papers by Sappington and Stiglitz
(1987) and Shapiro and Willig (1990) among others, and for some overviews Shleifer
(1998) and Martimort (2006).
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contractor’s incentives to invest in asset quality. Importantly, bundling goes
hand in hand with higher power incentives. Bundling and risk transfer to
the private sector are two complementary features of PPPs. This explains
the greater risk premium that is typically observed in PPPs compared to
traditional procurement. Furthermore, we show that private ownership dur-
ing the contract dominates public ownership from a social welfare perspec-
tive. Finally, the gains from bundling with private ownership are greater for
generic facilities, such as leisure centers, accommodations, and public hous-
ing, than for specific facilities, such as prisons, hospitals, and schools which
have limited use outside the public sector.

Once equipped with the rationale for bundling and risk transfer in PPPs,
we develop our basic insights in more elaborated environments which have
been viewed as particularly interesting both in the public debate and within
recent academic research.

Section 4 studies another important characteristic of many PPPs, namely
the use of private finance, focusing on the contracts between operators and
financiers. This issue is of tantamount importance given the estimated size of
investments in infrastructure for the next 20 years, and the role that infras-
tructure funds will play. Outside finance improves risk allocation if it helps
alleviating moral hazard.

Section 5 analyzes incentives for investments over the length of a long-
term contract. We start by considering the case of a public authority hav-
ing a strong commitment power; the risk of unilateral changes of contract
terms by governments being then minimal. We show that the optimal long-
term contract entails increasing incentives over time to foster the renewal
of investment. Cost-plus contracts arise in early periods whereas fixed-price
agreements are expected close to the end of the contract.

Long-term contracts however suffer from being signed in contexts with
pervasive uncertainty over future demands and costs. When estimates turn
out to have been optimistic, renegotiation may occur, partially nullifying
the incentive power of the initial contract. We then extend our analysis of
the dynamics of PPPs by considering the distortions that are needed to pre-
vent cost overruns. We show that incentives should be lower powered and
less risk should be transferred at earlier stages of contracting. However,
this nonstationarity of incentives does not necessarily undo the benefits of
bundling.

Section 6 analyzes how the institutional environment, and most specif-
ically the risk of regulatory opportunism, affects contract design and
incentives. We consider thus settings where the risk of unilateral changes
of contract terms by governments is significant. This typically might depict
developing countries with low quality institutions but, beyond, the kind of
political uncertainty that we have in mind certainly has some appeal also for
developed countries subject to the political risk that electoral uncertainty
generates. In weak institutional environments, less risk transfer should
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occur. This of course reduces the benefits of bundling without again coming
to the conclusion that bundling should be given up.

Section 7 summarizes our conclusions and discusses the scope for future
research.'?

2. The General Framework

A government (sometimes referred to as G) relies on a private contractor
(a firm or consortium) to provide a public service for society. Examples of
such delegation include of course transportation, water production and san-
itation, waste disposal, and so forth. In such settings, providing the service
requires that a good quality infrastructure has been first designed and built.
This delegation must thus be modeled as a multitask problem.!* The main
feature of a PPP can then be viewed as the bundling of various phases of
contracting.

Benefits and quality index. Benefits from the service are stochastic. Even
when there is a reasonable level of confidence in forecasts, they can be dra-
matically affected by competition from substitutable services (in transport
for instance, competition may come from untolled roads, ferries, buses; in
the health sector competition may instead come from private health clinics
etc.), changing user needs, and macroeconomic conditions. Benefits are also
influenced both by the innate quality of the infrastructure and the operating
effort.!

The above features are captured by assuming that one unit of services
yields a benefit to users worth

B=by+ba+de+n, (1)

where a denotes an effort to improve quality of the infrastructure, ¢ de-
notes an operating effort and n is a random shock normally distributed
with variance 0,72 and zero mean. The marginal benefit of efforts are positive
(b, d > 0) and by > 0 denotes some base level benefit that can be obtained
even without any specific effort.

" Let us already stress that one omitted domain of investigation for this paper is the
macroeconomic/public finance side of PPPs. On this issue we refer to Vilila (2005), Valila,
Kozluck, and Mehrotra (2005), Sadka (2007), and Engel, Fisher, and Galetovic (2013).
Note nevertheless that any efficiency gains that PPPs may bring end up relaxing the State
budget constraint so in, a sense, the micro approach that we are taking here already also
offers a clue on the benefits of this organizational choice for public finance.

"* Holmstrom and Milgrom (1991).

!> For example, the benefits enjoyed by users of motorways depend on the route safety, the
asphalt conditions, the efficiency of traffic alerts and toll stations, and so on. In railways,
the benefits for users depend on the quality and comfort of trains, on service reliability,
on-the train services, the efficiency of the ticketing system and so on.
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We assume that, for services where users pay, the service provider ex-
tracts all their surplus.!® The firm then gets revenues worth B. We shall use
B interchangeably to refer to social benefit or revenues, depending on the
scenario.

Costs. The operating cost of providing one unit of service is also stochas-
tic. Major maintenance and operational risks affect PPP projects. Operating
costs depend also on the quality of the infrastructure, although the magni-
tude and sign of this externality varies across sectors and projects. In some
cases, improving infrastructure reduces operational costs. For example, the
design of a prison with better sight-lines for staff that improve security (i.e.,
social benefit) has the positive externality that the required number of
security guards is reduced. In other cases, improving the quality of infras-
tructure increases operational costs. An innovative design of a hospital, using
recently developed materials, may lead to improved lighting and air quality,
and therefore better clinical outcomes, but may also increase maintenance
costs.

The above features are captured by considering the following cost
function:

C=60)—ye—3da+e. (2)

The random variable & captures operational risk. It is normally distributed
with variance af and zero mean. 6 is the base level cost of the service (linked
to the underlying technology); y is a positive parameter. The case § > 0 cor-
responds to a positive externality where improving the quality of the infrastruc-
ture also reduces the costs. Instead, § < 0 arises for a negative externality. For
simplicity, we normalize construction costs (other than a) to zero.

Efforts. For simplicity, quality-enhancing and operating efforts have
quadratic monetary costs % and %, respectively. Note that there are no (dis-)
economies of scope between efforts so that bundling those tasks can only
arise because agency costs have diseconomies of scope when both @ and e
are nonverifiable.

Objectives. The risk-neutral government G maximizes consumer surplus
net of the transfer(s) made to the contractor.!” We denote by ¢ such pay-
ments. The contractor is risk-averse with a constant absolute degree of risk

!9 This is a restriction that is introduced to simplify the analysis, by combining into a single
framework both the case where users pay and the case where they do not. The implication
is that we do not discuss optimal user prices.

7 The assumption of risk neutrality for the government gives a simple benchmark: With-
out moral hazard, optimal risk-sharing requires that the public sector bears all risk. This
assumption might be questionable in the case of a small local government whose PPP
project under scrutiny represents a significant share of the overall budget. For a large
country’s government, the existing deadweight loss in the cost of taxation may as well
introduce a behavior toward risk if PPP projects were to represent a large share of the
budget. Lewis and Sappington (1995) and Martimort and Sand-Zantman (2006) analyze
the consequences for optimal regulation of having risk-averse local governments.



The Simple Microeconomics of PPP 11

aversion r > 0. This assumption captures the fact that a PPP project might
represent a large share of the firm’s activities so that it can hardly be viewed
as being fully diversified.

Relevant scenarios. In the rest of the paper, we develop our results by
means of a main model but discuss their robustness to alternative contracting
scenarios. To simplify exposition, these scenarios are assumed to be mutually
exclusive although in practice they need not to be so.

Consider the case where a contractor is in charge of both building and
operation. The contractor bears costs C and receives a transfer ¢ from G.
For services where users pay, the contractor also receives revenues B. Thus,
the contractor’s payoff is IT + ¢ — “72 — %, where gross profits IT are equal to
B — C if users pay, and to —C if users do not pay. The following three cases
will be discussed:

(1) Contractible profits. The contractor’s gross profit [1 = B — C is ob-
servable and can be contracted upon. The firm also receives ¢(IT)
from G, where ¢{(IT) = o« — (1 — B)II. Under this profitsharing rule,
the contractor obtains a net profit of: o + BIT — % - g.lg In the
case B = 0 the contractor actually acts as an employee of the pub-
lic sector who has no particular incentives to raise profits. Instead,
B > 0 holds when the contractor bears profit risk. In the extreme
case where B =1, all risks are transferred to the contractor. This
scheme is typically used for complex transport projects where users

pay for the service.

(2) Contractible revenues. The revenues from the service B is observ-
able and can be contracted upon whereas costs are not contractible.
The payment mechanism takes the form ¢(B) =« — (1 — 8)B. Un-
der this revenue-sharing rule, the contractor obtains o + B — C —
% — g Revenue-sharing schemes are often used also in transport
projects. A payment mechanism solely based on user charges corre-
sponds to @ = 0 and B = 1 so that the contractor keeps all revenues
and bears all demand risk. This is the case of PPP for leisure centres
for example. A payment mechanism based on availability only, cor-
responds instead to « > 0 and B = 0 so that the contractor’s reward
is fixed and G retains all demand risk. This scheme is typically used
for PPPs in hospitals, schools, and prisons (the so called PFI model)
where users do not pay for the service. The revenues for the contrac-
tor then consist only of an “availability payment” « that G pays for
making the service available to users.

¥ Given our CARA-normal distribution environment, restriction attention to linear rules
follows the justification given by Holmstrém and Milgrom (1991). The same restriction
applies as well to the other cases below.
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(3) Contractible costs. The contractor receives no revenues from users,

operating cost C is observable and contracted upon. The contractor
Z

ispaid ¢(C) =a + (1 — B)Cand obtainsa — C — 5 — 5 *. The case
B = 0 corresponds to a cost-plus contract where the contractor is
fully reimbursed for its own costs, whereas § = 1 holds for a fixed-
price contract, where the contractor receives a fixed payment.

Benchmark. At the first best, efforts are observable and contractible. The
risk-averse firm is fully insured by the risk-neutral government: its reward
being independent of the realized costs or revenues. Given that G runs an
auction to attract potential service providers, it has all bargaining power ex
ante and chooses a fee that makes the contractor just indifferent between
producing the service or getting an outside option worth zero That contract
also forces the firm to choose the first-best efforts a/® and ¢® that maximize
the overall expected surplus:

(a'®, ™) = arg max E.,(B—C)— % - % =0bo—6)+ (b+d)a

2 e2

a
d -
+(d+y)e 5 5

or
(a, ™) = (b+8,d+y). (3)

The first-best quality-enhancing effort a/” trades off the marginal social
value of that effort, including its impact on operating costs (§) and on the
social value of the service (), with its marginal cost (a). We assume b +
8 > 0, so that a/® is always positive. The operating cost-reducing effort ¢®
trades off the marginal benefit of raising social benefit (d) and lowering
those operating costs (y) with its marginal monetary disutility (e).

3. Bundling or Unbundling?

We now provide a rationale for relying on PPPs rather than adopting more
traditional procurement contracts. With such contracts, G first buys the
infrastructure from a given builder and then selects an operator. We thus in-
vestigate whether the two tasks of designing/building and then operating as-
sets should be bundled and performed by the same contractor (a consortium)
or instead be unbundled and undertaken by two separate firms (a builder and
a separate operator).'?

' We thus focus here on the provision of public infrastructures and services by private
firms. The analysis could however be extended to cover the case where under traditional
procurement the private sector builds the infrastructure but then a government agency
provides the services.
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To make our point in a simple setting, we focus on the scenario where
users do not pay and costs are contractible but we shall also discuss implica-
tions of our insights for other scenarios. Furthermore, we normalize effort
so that y = 1, let d = 0 in the benefit function and focus on the case where
B is deterministic, so that social benefits reduce to

B=1by+ ba.

For simplicity, we assume that ) and 6, are common knowledge.20

3.1. Pure Agency Considerations: Bundling Dominates

Unbundling. Under traditional procurement, G first approaches a builder
(B) and then a separate operator (O). The operator receives a cost-
reimbursement rule ¢(C) = o + (1 — B) C, while the builder gets only a fixed
payment #3.>! With such payment unrelated to his own effort, the builder
does not exert any effort:

a:argmgxtg—&gﬂzo. (4)

The operator maximizes the certainty equivalent of its expected payoff,
taking as given the zero effort exerted by the builder. The corresponding
incentive constraint writes as

BE.(C)— & — 10 86— —
e =argmaxa — BE, - =ua- h —e) — —
F 2 2 2
7”0'2 2
—"Tﬁ=ﬁ. (5)

An increase in the incentive power B, the share of the profit risk borne
by the operator, boosts its cost-reducing effort. However, as more operational
risk is transferred to the operator, the risk premium m‘;ﬁ : also increases
which is at the core of a standard moral hazard trade-off between incentives
and insurance.

Since G has all the bargaining power, it sets the fixed payments to the

builder ¢z and the operator « so as to extract all their surplus. The principal’s

# This assumption allows us to disregard any adverse selection problem. This fits well with
the observation made by Bajari and Tadelis (2001) that, in many procurement contexts,
buyers and sellers face the same uncertainty on costs and demand.

2l We rule out the possibility that the builder obtains any incentive payment conditional
on C. This may be justified when G cannot delay payment for the delivery of the infrastruc-
ture. The possibility of a collusion between G and the operator to exaggerate the latter’s
contribution to cost-reducing activities and underestimate that of the builder might also
preclude such cost-dependent payments. We discuss how the results can be extended when
this assumption is relaxed in Section 3.2.
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payoff then coincides with the expected value of the project net of the risk
premium, that is,
2 62 VUSQﬂQ

a
W(e,a,,B):bo—90+(b+3)a+e—§—§— 5

Maximizing the above expression with respect to (e, @, #) while taking into
account the incentive constraints (4) and (5) that hold under unbundling
yields the following expressions of the second-best operating effort and the
share of the risk borne by the operator:

sp_ 1
Y 147102

=% < 1. (6)

e u

Because providing incentives requires the agent to bear more risk which is
socially costly, the second-best effort is lower than its first-best level so as to
reduce the corresponding risk premium. More risk (U&,2 larger) also tilts the
trade-off between insurance and incentives toward low powered incentives.??
G’s expected payoff is then

1
20+ o)

Bundling. The building and the operational phases are now both in the
same hands. The consortium (BO) chooses the effort levels so as to maximize
the sum of its profit at both the building and operational stages and thus
internalizes the impact of the design stage on the operational costs. The
corresponding effort levels thus solve

WS = by — 6 + (7)

( ) ’3 (9 _ 8~) &2 é? 1,052’32
e,a) =argmaxo — —e¢—-0q) — — — — —
B ! 2 2 2

Taking into account the additional nonnegativity constraint ¢ > 0, we obtain
the following incentive constraints:

B C[Bs i8>0
e=p and “—{o if 5 <0, ®)

Observe that, in the case of a negative externality (6 < 0), those effort levels
just replicate those found under unbundling. Instead, with a positive exter-
nality (8§ > 0), the firststage effort is positive because now the firm at least
partially takes into account the impact of this first stage on costs.

As before, the fixed fee « is adjusted by G so that to extract all surplus
from the consortium. Now, G’s maximization problem consists in maximiz-
ing W(e, a, B) subject to the incentive constraints in (8).

2 Suppose that there is a positive cost of public funds A > 0. The objective function would
be as above provided the social benefit of the project is deflated as % Since €% given
by (6) does not depend on the social benefit of the project, the power of incentives under
unbundling is unchanged. Whether bundling is optimal or not does not depend of the
cost of public funds.
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Of course, efforts remain unchanged with respect to the unbundling
scenario in the case of a negative externality:

e =el =B and @"=0 if§=<0.
Instead, effort levels are higher under bundling in the case of a positive
externality:
1+6(b+6 , ,
op = LX) s g P s s > 0.
1+682+r02

Using these values of efforts, the expression for the expected welfare can be
written as

(14 (b +8)8)2
2 (l + 62 4+ rof)

We can thus immediately conclude:

WSE = by — 6 + if6>0 and W’ =W ifs<o.

PROPOSITION 1: Bundling is strictly desirable in the presence of positive external-
ity and there is an indifference between organizational forms otherwise.

When 6 <0, the consortium never performs any quality-enhancing
effort because it is not rewarded for doing so. This replicates the case of
unbundling. With a negative externality, investment a is already at a mini-
mum under unbundling (the builder having no incentives to invest), and the
internalization of the negative externality under bundling cannot depress
these incentives further. Investment @ remains at a minimum under both or-
ganizational forms which yield the same expected benefits to the principal.

When § > 0, a consortium anticipates how a high-quality infrastructure
also reduces costs. Bundling then induces the consortium to internalize the
positive externality generated by its quality-enhancing effort a on the frac-
tion of costs that it bears at the operational stage. This unambiguously raises
welfare as it reduces the underinvestment problem during the building stage,
raising quality-enhancing effort.* Quality-enhancing effort however remains
suboptimal: the consortium only internalizes the effect of a on the fraction
of costs that it bears (this effect is measured by Bda), and thus not the total
effect on costs (measured by §a), and also it does not internalize the effect
on social benefits (measured by ba).

. 9 . 9
: i 2 b(1+r02)+8r02

% In particular, b < ro? ensures that 8 < 1. Note also that ¢? = ¢ 4 § ~Froiltoi
‘ b v u (1470 +52) (1410

SB

e,
* To give some intuition, take the incentive scheme offered to the operator under un-
bundling, and suppose it is now given to the consortium. The incremental welfare
. . . . . SB2 . . .
gain from doing so is (b +8)a’ — “2= > 0 since now the consortium exerts a quality-
enhancing effort ¢}’ = §¢’*. The stronger the positive externality, the greater the benefit

of bundling.
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Moving from traditional procurement to PPP changes cost-
reimbursement rules. Bundling shifts more risk to the operator (,B‘bgB > B3B8
and increases incentives to invest in asset quality. This is intuitive: Trans-
ferring more operational risk (through higher values of f) induces the
operator to exert higher costreducing effort but it brings the cost of a
higher risk premium. Under bundling, the transfer of operational risk
brings the additional benefit of also inducing quality-enhancing effort. This
justifies transferring more operational risk. Thus, bundling and fixed-price
contracts go hand in hand under PPP whereas unbundling and cost-plus
contracts are more likely under traditional procurement. This is in lines
with existing evidence that PPPs are characterized by more risk transfer and
thus greater risk premium than traditional procurement.

Other scenarios. The benefits of bundling in the presence of a posi-
tive externality carry over to the other contractual scenarios mentioned in
Section 2. When users pay for the service and the contractor is residual
claimant for the revenues (as in the case of contractible profits or of contractible
revenues), the consortium’s incentives to enhance quality are still stronger
than those of the builder under unbundling. For example, in the case where
there is no moral hazard on costs and B in expression (1) denotes the rev-
enues from the service, the expected revenues from the service are

E,(B) = E, (max{by + ba + de +n, 0}) = (by + ba+ de),

where the approximation holds for a,? small enough. In this case, it is im-
mediate that the builder obtains no benefit from raising operational rev-
enues under unbundling and thus a, = 0. At the same time, the operator
chooses

22 ral;z B2

5 , =Pl (9)

In that scenario, G’s problem is to maximize with respect to (e, B) its ex-
pected payoff

e, = argmaxa + B (by + de) —

52 1’0'2/32
bo+ de — — — —~
0 9 2

subject to the incentive constraint (9). This gives the following expressions
of the incentive power and the second-best effort under unbundling:

(10)

2
SB _ d

SB SB
=——— and ¢~ =p8"d.
“ d? +ro? “ “

B

Under bundling instead the consortium maximizes

~9 éQ 7,02’32
(e, a) = arg maxa + B (bo + ba+ de) — 5 g ”T = (Bd, Bb). (11)

S
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G’s problem is thus to maximize

2 2 202

e a ro.

bo+ ba+de— L — 2L 1T 12
0 5 % 9 (12)

subject to the incentive constraints (11). This yields the following expressions
of the incentive power and the second-best effort under bundling:

b2+ d? : :
SB SB SB SB SB
=————; ¢, =4d and @,” = bB;".
b bZ + dZ + ’I’O"’Z b ﬂl) b IBh
It is immediate to show that welfare is higher under bundling since eiB <

et < etPand @ < @) < afP.?

Intuitively, the consortium anticipates that increasing a raises revenues
B. The greater the share 8 of revenues kept by the consortium, the greater
the incentives to increase «. Since the builder under unbundling gets no
revenues, incentives are there absent. As with verifiable costs, bundling
boosts effort at the building stage. This unambiguously raises welfare and
the stronger the effect of infrastructure quality on revenues (higher &) the
greater the benefits of bundling. Furthermore, since higher risk transfer
(higher B) raises both ¢ and @, bundling again comes with more risk transfer:
B2 > BSE. Finally, comparative statics on 8;° characterizes the optimal allo-
cation of demand risk under a PPP. The optimal payment mechanism trades
off incentives and insurance: transferring demand risk to the contractor gives

it incentives to boost demand (a increases) and raises consumer surplus (B

2 p2
increases) but it costs the government a higher risk premium (%). Thus,

the more demand levels are affected by the contractor’s action (higher b),
the lower the demand risk (lower 0,;2) or the risk aversion of the contractor
(r), the more demand risk should be borne by the contractor.

In PPP projects such as prisons, users do not pay, and government poli-
cies determine most of demand changes. Since the contractor’s effort has
little impact on demand levels (4 small), not transferring demand risk to the
contractor (B = 0) is indeed optimal. With financially free-standing projects,
such as leisure centres, the contractor recoups its initial investment through
charges to final users. Here, revenue risk lies entirely with the contractor
(B =1) since the contractor’s effort has large impact on demand levels
(6 high). Transport projects instead typically fall in the intermediate case,
where there is some revenue sharing between the contractor and the public
authority.

% For a more detailed discussion see Iossa and Martimort (2011).
% For a more in depth discussion on demand risk allocation, see lossa, Spagnolo, and
Vellez (2007).
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3.2. More Complete Contracting

As a robustness check of our previous findings, we now envision the conse-
quences of allowing more complete contracts. This may be by making the
builder’s payment depend on costs under unbundling or on a quality index
for the infrastructure. We focus on the case of positive externality under the
contractible-cost scenario.

3.2.1. Costs incentives

Suppose that the builder’s payment is now linked to the realized level of op-
erating costs with a contract of the form (3(C) = ap — f5C. If the builder

is risk-averse (assuming the same degree of risk aversion as the operator)
o2 B2 2 a2

such payment comes with an extra risk premium worth %ﬁ" = 5 to in-

duce the builder’s participation. This premium quickly increases when the

positive externality is small enough, i.e., when the noisy observable does not

track so easily the builder’s effort. The builder then maximizes

a®  ro2p?
aB_ﬁB(Qo—e—(Sa)_g_ 52,31;.

While nothing changes under bundling, under unbundling such a
scheme now gives to the builder some incentives to exert effort a. His in-
centive constraint is indeed given by

a = Bgd.

The quality-enhancing effort is then easily obtained by trading off the effi-
ciency gain of more effort against the risk premium and one finds

o _ (008 (13)
“ 82 +ro?

This effort level is second order in § for small externalities. Contracting on
costs is thus of little help if the builder’s effort does not significantly affect
those costs.

Other scenarios. The insights from this robustness check carry over
when profitsharing or revenue-sharing rules can be used. When profits or
revenues are verifiable, G can reward the builder when higher profits or rev-
enues are observed. With 4 > 0, this induces higher quality-enhancing effort
under unbundling. However, with a positive externality bundling still strictly
dominates unbundling, since the incentive scheme at the operating stage
(the profit sharing or revenue-sharing rule) helps to incentivize both efforts
at building and operating stages.
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3.2.2. Quality incentives

Let us now suppose that a noisy index ¢ for the quality of the infrastructure
(which is also an imperfectly aligned proxy for the social benefit) is available:

g=a+¢,

where ¢’ is a random variable which is assumed to be normally distributed
with (for simplicity) variance o2 and zero mean. For simplicity, we keep the
same variance of noise on this quality index and on the operating costs. This
assumption is particularly relevant when ¢ stems for an earlier realization of
operating costs in a context where the investment consists of complemen-
tary and renewed assets. The builder’s incentive scheme is now of the form
i3(q) = ap+ Bag.
Unbundling. The builder’s incentive constraint is now

a? rof /3123

a =argmaxop + fga— — — ——— = B, (14)
a 2 2
while that of the operator remains unchanged as (5). Although the ability to
contract on a quality index improves the builder’s incentives and raises the
quality of the infrastructure, it does not change the operator’s incentives.
Bundling. The consortium’s incentive constraint can be written as

a2 ro’

(a, ¢) = argmaxa + i — (0 —7) 55

2
£ 2 2
5~ 5 (Bath)

+ Bda= (Bs+ BS. B) . (15)

By making the firm’s payment depend on the quality index, the cost reim-
bursement rule is made more powerful and welfare increases.

PROPOSITION 2: Bundling strictly dominates unbundling when complete con-
tracts on both operating costs and a quality index ave feasible and the externality is
positive.

Even if using a quality index eases agency problems under unbundling,
bundling remains preferable whenever this index remains imperfect as the
nature of the agency problem remains unchanged.

Robustness check. It can be shown that when the quality index is on the
service quality rather than infrastructure quality, the main insights of this
section continue to hold. Since a service quality index is positively affected
by a, via the effect that @ has on social benefits B, a payment system that
rewards the builder for higher service quality eases the agency problem un-
der unbundling. Bundling however remains preferable whenever the firm is
risk-averse.
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3.3. Residual Value and Ownership

Proposition 1 told us that bundling always weakly dominates unbundling.
We now show that, when instead the builder has some incentives to invest
under unbundling and the externality is negative, unbundling may become
the preferred mode of provision.?’

To tackle the issue of ownership, we now identify PPP as an organiza-
tional form where there is bundling of the design and operation phases but
also private ownership of the assets over the whole length of the contract.
Traditional contracting corresponds instead to the case where G buys an as-
set built by the private sector and delegates operations to a second firm.

When contracts allocate rights and duties and there are no unforeseen
contingencies, ownership matters only to the extent that assets have some
residual value at the end of the contract. Ownership entitles the owner with
the market value of these assets. This residual value provides incentives to
invest in asset quality. Of course, that residual value will depend on assets
specificity. In the case of generic facilities (such as, leisure centers, office
accommodation, general IT systems, and land use), there is demand from
users other than the government, so that the public and private residual
value do not differ significantly. This is of course different for specific facili-
ties, such as hospitals, prisons, and schools.

Let thus sa (s > 0) denote the value of the assets at the end of the con-
tract when these assets are used by the government for public service provi-
sion. Let also 7sa, with 7 < 1, denote their value for private use. Consistent
with the incomplete contracts literature, the residual value of these assets
cannot be specified ex antein a contract although it is ex post observable and
can be bargained upon at that date.?® The parameter 7 captures the degree
of asset specificity, with 7 being higher the less specific is the facility.? Since
7 < 1 public ownership is always optimal at the end of the contract.*

As a benchmark, note that the first-best level of @ now solves

a®=s+b+6.

Public Ownership. Suppose that assets are publicly owned throughout
the contract. Since a is not contractible and there is no sale of the facil-
ity once the contract expires, the builder cannot be incentivized. Whether

?” We prove this by extending the analysis so as to consider the value of ownership of the
infrastructure, but it can be shown that in the context of Section 3.2.2 unbundling also
strictly dominates for a negative externality.

# For example, the quality of the asset can be easily observed for roads, motorways, and
bridges.

# Hart (1995).

* That the asset returns to G at the end of the contract is one of the main features that
distinguishes PPPs from privatization. The analysis can however easily be extended to the
case of m > 1, where private ownership at the end of the contract becomes optimal, as the
facility has high market value (think for example of car parks or leisure centers). This is
the case in BOO models as opposed to BOT models.
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bundling or unbundling is chosen, efforts and welfare with public owner-
ship remain the same as before. Public ownership has no impact on incen-
tives. Whether bundling strictly dominates depends only on the sign of the
externality as in Section 3.1.

Private Ownership. Suppose assets are privately owned. At the end of the
contract, efficiency requires to transfer ownership to G. Ex post, the price p*
at which ownership is transferred results from Nash bargaining (assuming
equal bargaining powers):

147
pr= argm/ax(sa —p)(p —msa) = (—2)sa
The private owner’s net benefit Y= s boosts his incentives to enhance

assets quality if he is a builder.?! The owner’s incentives to invest are also
greater with less specific assets. Indeed, asset specificity reduces the status
quo payoff if ownership is not transferred to the public sector. This exacer-
bates the hold-up problem that occurs through ex post bargaining and damp-
ens the private owner’s incentives.

Private ownership and unbundling: The builder’s incentive constraint when
he is also the owner can be written as

pr (1 B ”)
W = ————S5.
2
On the other hand, the operator’s effort and optimal incentive scheme
remain the same as in Section 3.1:

el =58 (17)

(16)

Private ownership and bundling: Ownership has still some value with
bundling. The consortium’s expected payoff is maximized for effort levels
that solve®?

(a,e) =argr(r}a}))< (1;270521+05—ﬂ(90—é—821)
a> & _ (1—m)

Comparing public and private ownerships, we immediately obtain:

PROPOSITION 3: Private ownership always dominates public ownership. The gain
Jfrom private ownership is nonincreasing in the level of asset specificity.

Comparing now PPPs and traditional procurement, we get:

* Under unbundling, builder ownership is preferred to operator ownership since the op-
erator has no control on the quality-enhancing effort.

# Let s be large enough to insure a positive quality-enhancing effort even with a negative
externality.
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PROPOSITION 4: PPPs, i.e., private ownership and bundling, strictly domi-
nates traditional contracting, i.e., private ownership and unbundling, with a positive
externality:

W > W ifand only if 5 > 0.
Efforts are greater under bundling with a positive externality:

hr hr 1_7T hr br . .
a{, > a{t = (—2)s and eé > e‘L if and only if § > 0.

Compared to public ownership, under private ownership bundling
implements strictly lower efforts than unbundling if the externality is nega-
tive. Ownership gives to the builder some incentives to invest in asset quality.
These incentives are depressed if the builder internalizes the negative
externality that quality exerts on costs.

3.4. Related Literature

Our baseline model has merged two strands of the literature on PPPs which
have both emphasized the multitask nature of the procurement problem
when building and managing assets matter. Using the property rights
approach, Hart (2003) provided a model where the sole source of incentives
is ownership. A builder can perform two kinds of investment (productive
and unproductive) which may both reduce costs, although only the pro-
ductive investment raises also benefits. Under traditional procurement, the
builder cannot internalize the impact of his effort neither on benefits nor
on costs. He implements too little of the productive investment but the
right amount of the unproductive one. Under PPP, the builder somewhat
internalizes the impact of his productive investment whereas he also exerts
too much of the unproductive one. Francesconi and Muthoo (2011) and
King and Pitchford (2001) considered the case of impure public goods
and showed that shared authority can be optimal when the parties’ invest-
ments are comparable. Bennett and Iossa (2006) studied the desirability of
bundling project phases and of giving ownership to the investor. Innovations
are noncontractible ex ante but verifiable ex post. Ownership gives control
right to the owner to decide whether to implement quality enhancing or
costreducing innovations proposed by the investor. The hold-up problem
is less severe under PPP, compared with traditional procurement, when
there is a positive externality between the building and managing stages,
and vice versa when the externality is negative. Public ownership acts
as a commitment for the government to renegotiate and share with the
investor the surplus from implementing the innovation. Private ownership is
nevertheless optimal for generic facilities with high residual value. Chen and
Chiu (2010) extend Bennett and Iossa (2006) to the case of interdependent
tasks and show that complementarity between tasks favors unbundling.
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In a complete contracting framework, Martimort and Pouyet (2008)
built a model where both the quality of the infrastructure and operating costs
are contractible. Incentives and welfare are higher under a PPP when there
is a positive externality between building and managing assets compared to
traditional procurement.33 Ownership aligns incentives but, to a large ex-
tent, the important issue is not who owns the asset but instead whether tasks
are bundled or not. That insight is developed in various extensions of their
basic model allowing for risk-sharing as a motive for forming consortia, or
for political economy. In the same spirit, Iossa and Martimort (2011) built
an agency model where operating costs are noncontractible but both the
quality of the infrastructure and the demand for the service are contractible.
They focus on how bundling affects incentives to raise demand, and the opti-
mal allocation of demand risk. Our baseline model borrows a lot from these
principal-agent models: a common theme is that PPP comes with higher
powered incentives.

Taking also a complete-contract approach, Benz, Grout, and Halonen
(2001) showed that the government should buy services (as in PFI) rather
than facilities (as in traditional procurement) if the building and service
delivery costs are low.** Hoppe and Schmitz (2013) focused instead on the
incentives to gather information about future costs to adapt the service pro-
vision to changing circumstances. They showed that whether bundling or
unbundling is better for information gathering depends on the costs of ef-
forts in innovation and in information gathering, and on the degree to which
effort is contractible. Finally, Iossa and Martimort (2012a) considered a dy-
namic multitask moral hazard environment where the mapping between ef-
fort and performance is ex ante uncertain but information may come along
during operations. In that context, compounding of asymmetric information
ex post plus moral hazard and renegotiation may generate diseconomies of
scope in agency costs which, for high operational risk, can make unbundling
optimal also with positive externalities.

3.5. Implications

Our results suggest that PPPs deliver efficiency gains when a whole-life cost
approach to the project yields significant cost savings and when risk is effec-
tively transferred to the private operator. Transferring design, construction,
and operating risks to the contractor provides incentives for keeping project
costs down and efficiently providing the service. A report commissioned by

» See the review of the literature in Martimort and Pouyet (2008) for other arguments
found in the agency literature to justify that “one agent is better than two.”

*In a setting not specific to procurement, Schmitz (2005) studied how the control of
sequential tasks should be allocated when the agent has limited liability. Under bundling,
the prospect of getting liability rent in the second-stage acts as a powerful engine for first-
stage incentives.
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the Treasury Taskforce estimated saving on a sample of PFI projects equal to
17%, compared to traditional procurement.35 Significant cost savings were
realized in the prison sector. The National Audit Office (NAO 2003a) re-
ported that innovative designs helped to reduce the level of staffing needed
to ensure security and this resulted in an overall cost reduction by approxi-
mately 30%. Conclusive evidence is however still to be found. Blanc-Brude,
Goldsmith, and Valila (2009) studied a sample of road projects financed by
the EIB between 1990 and 2005 in all EU-15 countries plus Norway. They
found that ex ante construction costs (i.e., costs before construction actually
starts) are some 20% higher for PPP roads than for traditionally procured
roads.

Our results also suggest that, when a higher asset quality increases social
benefit but has a negative impact on whole-life cost, the scope for PPP might
be limited. Evidence of negative externalities is more difficult to find. How-
ever, a report by the Audit Commission (see PPP Focus, Education 2, 2004)
noted that the quality of many early PFI school buildings was disappointing.
School quality has a direct positive impact on pupil behavior and educational
achievement. Local education authorities now anticipate this problem and
include more detailed output specifications in the contract. As a result the
quality of school buildings has improved.

Our results also shed some light on the current approach to facility own-
ership. Under PPP, ownership during the contract length goes to the con-
sortium, but ownership once the contract expires varies depending on the
circumstances. Assets tend to revert to the public sector either when they
have no obvious alternative use or when they are required to continue the
service after contract ends (for example, schools, prisons, and hospitals).
For generic facilities with an alternative use outside the public sector and
no clear long-term public sector needs, ownership is retained by the private
sector.

We have focused on the benefits of bundling that may come from
inducing the contractor to take a long-term approach to the project. How-
ever, bundling also brings other benefits. First, PPPs are characterized by
a longer procurement process and by higher costs of bidding than tradi-
tional procurement. Albeit with differences between sectors, it has been
estimated that PPP tendering periods last an average of 34 months (NAO
2007) and that procurement costs can reach 5%-10% of the capital cost of
a project (Yescombe 2007). These transaction costs are also to a large extent

* See Arthur Andersen and Enterprise LSE (2000). Pollock and Vickers (2000) questioned
the Arthur Andersen report and argue that, once outliers are excluded from the calcula-
tions, the average saving is only 6%.

* The data do not reveal the actual (ex post) cost of the projects and thus whether risk
transfer under PPPs was effective in containing cost overruns.
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independent of the size of a project, which suffices to make PPP unsuitable
for low capital value projects.®”

Second, bundling of different phases of the project increases project
complexity and limits participation of small construction companies that do
not have the necessary financial resources to sustain the costs and risks of bid-
ding for PPP contracts. Albeit with differences across sectors, in the United
Kingdom, there is an average of four bidders per PPP contract. This is prob-
lematic, as collusion among bidders is certainly more likely if the number of
participants is small.*®

In our basic model, we have only focused on “build” and “op-
erate.” In practice, the realization of a project comprises a wider
variety of tasks. Services in the operational stage for example in-
clude “soft” facility-management services (e.g., cleaning, catering, se-
curity) and “hard” facility-management services (e.g., routine and/or
life-cycle maintenance of buildings and equipment). The arguments
set up in Section 3 apply to hard services where asset quality mat-
ters and externalities are significant but less so to soft services where
asset quality plays a limited role and externalities are relatively small.
Whether to include soft services in PPPs should then follow other consid-
erations. On the one hand, their inclusion creates a single point of respon-
sibility within the private sector in charge of service provision and allows to
internalize the externalities. On the other hand, unbundling helps to em-
ploy short-term contracts for soft services and thus to benefit from more
competitive pressure. Separate tendering for soft services also favors the par-
ticipation of small firms. There are no uniform experiences across countries
regarding service unbundling and the HM Treasury (2006) currently advises
against their inclusion.

2

4. Bundling Financing and Operating Tasks

4.1. The Benefits of Outside Finance

So far we have focused on the effects of bundling building and operation in
a single contract with a single agent. PPPs however are often also character-
ized by the private sector financing a substantial part, or all of, the project
(the “F” in the DBFO model). The firm then recoups its initial investment
through charges to final users or from government availability payments, that
is, government contributions for making the service (e.g., prison services)
available. In this section, we briefly study the rationale for private finance in
PPPs.

% HM Treasury (2006) currently considers PFI projects for less than 20 m as poor value
for money.

% Liand Yu (2011) studied the impact on bundling project stages in a context of sequential
auctions where bidders may learn over their costs.
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The relationship between investment and their financing is particularly
critical for privately financed infrastructure. On the one hand, an often
heard benefit of PPPs is that they might bring in the expertise of outside
financiers in evaluating risks. In this respect, bundling the task of looking
for outside finance (be it through outside equity or debt) and operating
assets could improve on the more traditional mode of procurement where
the cost of investment is paid through taxation and investment is not backed
up by such level of expertise within the public sphere. On the other hand,
private finance adds an additional layer of contracting, the one between
the consortium and the financier, and this could have perverse effects on
incentives.

To analyze the effect of private finance, we consider the case of con-
tractible profits and focus on the benefit of bundling operation and financ-
ing, assuming away any incentive problem on a. We let b = § = 0 so that,
there are no benefit of building a better infrastructure. All the benefits of
having private finance, if any, are thus due to the reduced agency costs that
it might bring. For simplicity we also let d = 1, y = 0, so that the profit func-
tion is given by

I =by—6)+e+e. (19)

To model the transaction costs that might still arise when the operator
looks for outside finance, we assume now that financiers have expertise to
get access to some informative signal y on the contractor’s effort:

y=e+g, (20)

where ¢ is a random variable normally distributed with variance 05 and
zero mean. Such informative signal may be quite useful to provide cheaper
incentives.

We investigate in turn the case of public finance where the invest-
ment is financed by taxation and the case of outside private finance. We
assume throughout that financiers operate in a perfectly competitive finan-
cial market.

Public finance. The government itself provides funds to cover an invest-
ment /. It does not observe the informative signal y and implements only the
second-best effort ¢35,

Outside finance. The operator has now full control over his access to the
financial market on top of control over operations. To fix ideas, suppose that
only profits are verifiable, so that the firm operates under a linear scheme
{(IT) = o — (1 — B) I1, and therefore keeps a gross payoff of o + BII. The
operator and its financiers agree on how to share the remaining risk induced
by such a contract.

Let w denote the fraction of the gross payoff « 4- BII that is kept by the
operator. Because outside financiers can condition the firm’s repayment on
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the extra signal y, a linear repayment scheme that share risk between the
operator and its financiers is given by

z(Il,y) = E+ (1 —w) (o« + BIT) — &y.

The term £y (§ > 0) is a bonus in case the signal on the firm’s effort is posi-
tive and a punishment otherwise. Since financiers are competitive, the fixed
payment E is the price of equity they hold in the project net of the invest-
ment cost /.

The operator’s incentive constraint is now written as

. & rolo’p?
e:argmgix—E+a)(a+,8(bo—90+e))+§e—§— 5
70252
S s 21)

This incentive constraint highlights two important features. First, only a frac-
tion of the incentive power of the government’s scheme ends up being useful
to foster operational effort because of subsequent risk-sharing between the
firm and financiers. Second, financiers can improve incentives by condition-
ing the firm’s repayment on the informative signal they get on its effort.
Going backwards, let us turn now to the design of the overall repayment
scheme given the transfer scheme with the government. Because financiers
are competitive, this repayment maximizes the certainty equivalent of the
operator’s payoff taking into account the moral hazard incentive constraint

(21):

~2 2 n2 02*2
(6.0) = arg max &+ (b — 6 + ) — & — [TOB_TOE o)
(e,8,0)

2 2 2

subject to ¢ = B + &.

The optimal repayment scheme designed by financiers is straightfor-
ward. The share of risk left to the operator is independent of the govern-
ment’s scheme. The firm gets positive bonus in case y is good news on the
firm’s effort:

1 af
w= 5 and é:a),B—;Z.
£ Gg

1+—= - (l—i—ra )
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This corresponds to a risk premium borne by the operator which is
worth

2
o’
rafﬁg 14+ £

ol

2 2
g 2
211+ — (1+7ro?)
o
S
Finally, the effort level implemented by the operator when one com-
pounds the impact of government’s and the financiers’ contracts can be
written as
2 2
(02 +07)

¢ = — _ - B. (23)
05 (1 + roﬁ) —I—Uj'B

This is the incentive constraint of the coalition made of the operator and its
financiers.

Notice that this effort level converges toward 8 when 03 goes to zero.
When financiers have a very informative signal on the firm’s effort, there is
no further dilution of incentives within their coalitional agreement: Effort

is efficiently set within the firm/financiers coalition. Instead, when 05 con-

verges toward infinity, the effort level converges toward %, which captures
the fact that part of the incentives given by G are dissipate(i through further
risk-sharing with financiers.

Comparing with public finance, private finance unambiguously raises

incentives and comes closer to the first-best.

PROPOSITION 5:  Bundling private finance and operation is optimal when oulside
financiers have access to some informative signal on the operator’s effort level. The
power of incentives unambiguously raises and aggregate welfare improves with respect
to public finance.

Relying on outside finance brings two contrasting effects. On the one
hand, it adds a new layer of contracting, which may exacerbate moral hazard
by introducing further risk-sharing. On the other hand, the financial con-
tract is made under a better information structure, which improves incen-
tives. This trade-off is resolved in favor of outside finance because financiers
are competitive, so that everything happens as if the government itself was
enjoying the financiers’ expertise to provide funds at a cheaper cost.

Remark 1: 'When financiers are specialized in infrastructure risk, they might
have some market power. It is unlikely that, in such an environment, the gov-
ernment can recoup all benefits from the financiers’ expertise. A double-
marginalization problem might occur with both the government and fi-
nanciers willing to reduce the firm’s effort. There would be a trade-off
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between the benefits of the financiers’ expertise and the extra distortions
that financial contracts might bring.

4.2. Related Literature

Engel, Fisher, and Galetovic (2006) were the first to study the rationale for
private finance in PPPs. They showed that private finance cannot save on
distortionary taxation. Any additional $1 invested by the contractor saves
society some distortionary taxes but the concessionaire must be compen-
sated for the additional investment through a longer contract term. This
costs society future distortionary taxes equal to the initial tax saving. De Bet-
tignies and Ross (2009) also discussed the benefit of private finance in PPPs.
In their model, information is symmetric but private finance may lead to the
efficient termination of bad projects, while public developers may sustain
such projects for political reasons. On a related line, Auriol and Picard (2009,
2013) showed that the cost of public funds may actually justify outsourc-
ing activities through PPPs in more incomplete contracting environments.
The model of this section bears some similarities with Iossa and Martimort
(2012a). In that paper, like here, the financier has better information than
the government, though the information refers to operational risk rather
than operational effort.

4.3. Implications

Our analysis has shown that outside finance improves risk allocation if it
helps alleviate moral hazard. In practice, the use of private finance has been
made also because it has allowed the public sector to finance the construc-
tion of infrastructure “off the balance sheet” and to accelerate delivery of
projects.* The accounting treatment of PPPs stream of payments can vary
and it can often make the government budget look healthier than it is,
thereby undervaluing the cost of PPP-financed infrastructure. This not only
biases decisions in favor of PPPs as opposed to more traditional procure-
ment arrangements but it can make PPPs a means to unduly transfer costs
from current to future generations.*’ There is no economic justification
for PPPs being promoted for allowing investment off the balance sheet. To
ensure homogeneity across member states and limit accounting tricks made
to comply with the rules of the Stability and Growth Pact, Eurostat made a
decision (news release 18/2004) on the accounting of PPPs which clarified
and made the process of accounting true PPPs more transparent. However,

* IPPR (2001).

* Maskin and Tirole (2008) studied optimal public accounting rules when the official’s
choice among projects is biased by ideology or social ties or because of pandering to spe-
cial interests.
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the temptation to adopt PPPs as a tool to window dress budget deficits has
not been fully removed.*!

5. Contractual Dynamics

PPPs are typically long-term projects which might cover 20 to 35 years. Over
such a long period the quality of durable assets and infrastructure may sig-
nificantly depreciate. An important issue concerns the extent to which con-
tractors are willing to invest to improve the stock of existing infrastructure
or whether they prefer to choose management strategies that maintain costs
low in the short-run.

5.1. The Trade-Off between Investment and Maintenance

To analyze the trade-off between investment and maintenance, we consider
a twice-repeated and slightly modified version of our basic model with con-
tractible costs. To focus on the operator’s incentives to invest, we assume that
the firm gets a basic stock of infrastructure to run off public service at date
t = 1. Improving this stock requires some extra investment which costs %
today but it lowers operating costs at date ¢ = 2 by an amount a. Another
strategy would be to avoid incurring any initial investment and then cutting
operating costs with more maintenance.

There is no discounting. Operating costs in each period are, respectively,
given by

2
C1=9()—€]+?+81 and G, =6y — es — a+ &9,

where the shocks ¢; (¢ = 1, 2) are normally distributed with zero mean and
variance o2, and ¢; is the maintenance effort undertaken at date i.*2
Investing increases accounting costs in the short run but, because of
a positive externality between design and operation, reduces the long-run
cost of the service.®® Implicit in our formulation is the fact that the cost of
investment is noncontractible, e.g., because it is (at least partly) aggregated

1 According to the 2004 Eurostat decision, assets involved in a PPP should be classified as
nongovernment assets, and therefore recorded off balance sheet for government, if the
private partner bears the construction risk and at least one of either the availability risk or
the demand risk. Otherwise, the assets should be classified as government assets.

2 In full generality, we could allow uncertainty on operating costs to be time-dependent.
In particular, we might give particular attention to the case where uncertainty on operating
costs may decrease over time (due for instance to learning by doing and better assessments
of performances). Similarly, in the case of a growing demand, having growing operating
costs in the second-period may also call for greater returns on maintenance as time goes
on.

* With respect to Section 3.3, the investment @ has no impact on the social value of the
assets which remains fixed and equal to b,.
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with other costs, noticeably the first-period operating costs, in the firm’s
book.

Consistently with Section 3, we assume that the stock of new investment
has a social value by + ba with b > 0. In practice, this simply means that there
is a difference between the social and the private returns on investment.
Assuming that investment is verifiable, its first-best level is a=1+0b
whereas a = 1 would be privately optimal.

Noncontractible investment. Suppose that the investment a is noncon-
tractible and must be induced by designing adequate incentives. Denote by
t(C) = a; + (1 — B;) C; the cost-reimbursement rule used at date i.*> The
firm’s gross profitis thus o — B; C;. Let us first consider the case where G can
commit himself to such a two-period contract {# (Cy), & (()}.

Still assuming a quadratic disutility of maintenance effort in each
period, the firm chooses its whole array of actions (a*, e}, ¢5) to maximize
the certainty equivalent of its intertemporal payoff:

2 P2 o2p? a2

a, e1, o) = arg max a; — BBy — ;) — + — L) — B — + Boa.
(a, e1, 2) g max ; Bi (o ) 5 5 /312 B2

This leads to the following incentive constraints:
er=pP1, ex=pe and By = Pra. (24)

An interesting benchmark is obtained when G offers the stationary contract
with slope B35, i.e., the contract that would be optimal without any concern
on the renewal of the infrastructure. This contract induces a stationary effort
e = e9 = ;EB and an investment level, @ = 1, which is privately optimal but
not socially so when & > 0. There is too little investment in renewing infras-
tructure with such stationary contract. Raising investment requires modify-
ing the intertemporal pattern of incentives.

PROPOSITION 6: Assuming full commitment, the optimal long-term contract en-
tails higher powered incentives toward the end of the contract than at the beginning
and an inefficient level of investment:

e‘ISB < eiB < esB, and a*® < a'®.

* Our formulation slightly differs from that in Section 2 where the cost of the quality-
enhancing effort was off the book.

¥ Decomposing the agent’s rewards into two different incentive schemes in each period
makes presentation somewhat easier especially in view of the no-commitment case that
will be analyzed later on. Of course, this class of incentive schemes entails a loss of gen-
erality since, contract & (G,) does not depend on the first period realization of costs. In
other words, history-dependent contracts whose value in dynamic incentive problems is
well-known are ruled out. See Remark below. Alternatively, one could view the overall in-
tertemporal incentive scheme Z?:l a; — B;C; as being offered upfront by the government
with all payments being delayed when all realizations of first- and second-period costs are
known in which case those contracts are without loss of generality.
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To boost incentives to undertake a nonverifiable investment, G must let
BO bear less of the costs and enjoy most of the benefits associated to that
investment. This is best achieved by offering cost-plus contracts in the earlier
periods and fixed-price contracts toward the end of the relationship.*® Still,
this is not enough to align the private incentives to invest with the socially
optimal ones and underinvestment follows.

Remark 2: HISTORY-DEPENDENT CONTRACTS. Let us suppose now that G can
commit to two-period history dependent contract {t; (i), & (G, Co)} where
H(G) =a;4+ (1 —=>0,)C and 6(C;, G) = a9+ (1 — bo)Cy + (1 — B) Co. The
benefit of considering this larger class of incentive schemes is well-known
since Rogerson (1985), pushing part of the rewards (and punishments) for
a good first-period cost toward the second period improves the first-period
trade-off between insurance and incentives. To then check the robustness of
our earlier results, observe first that, given the history-dependent contract
above, the agent chooses his effort array (ej, e9, a) so that

e1=01+by=p1, e=1by, and by = pa. (25)

For a given B; the risk borne by the agent over the two periods is better
spread when half of those incentives are pushed to the second period, i.e.,
when b = by = % Everything happens as if the first-period variance on costs
was lowered by one half. This implies high-powered incentives to reduce
costs in the first period and an unambiguously increase in welfare. But, it
has a detrimental impact on investment which becomes less attractive than
improved maintenance.

Other scenarios. In the case of verifiable profits or of verifiable revenues,
the optimal long-term contract also calls for low-powered incentives in the
earlier periods of the contract and high-powered incentives toward the end
of the relationship. By offering greater profit or revenue shares to the firm
toward the end of the contract than at the beginning, G makes BO bear less
of the costs and enjoy most of the benefits associated to its noncontractible
investment.?’

5.2. Cost Overruns

As we already stressed, long-term contracting takes place under significant
uncertainty on the realizations of future costs and demand. In infrastruc-
ture projects, and maybe due to competitive pressures in awarding projects,

* Suppose that the effect of a new investment depreciates over time. The power of the
incentive scheme must decrease over time after the first period to optimally trade-off in-
centives and insurance. As investments have been made earlier in the past, the firm will
rely more on maintenance to keep operational costs low.

7 Jossa and Martimort (2012a).
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contractors are often overly optimistic in estimating future costs.® Following
costs overruns, long-term contracting may be subject to renegotiation. Firms
may obtain a tariff increase or an increase in the number of cost components
passed through tariffs, a reduction in their payment to the public sector and
delays and reduction in investments.

To model cost overruns in a nutshell, we will simplify the modeling of
Section 5.1, neglect the investment issue or the building stage of contracting
and instead focus only on the hazard coming from uncertainty on costs. To
model this uncertainty, we assume that, although it may not be known ex ante
at the time of contracting, the base cost level 6 is later on privately observed
by the firm. Asymmetric information allows us to consider the firm’s strategic
incentives to exaggerate costs and pretend that costs overruns occur. More
formally, we assume now that costs can be written as

C=6)—e+e, (26)

where the base cost level 6 is random and may be either high, 6y = 0 with
probability 1 — v or low, 68y = 6 with probability v (denote A8 = 0 — 6 > 0).
An incentive mechanism must now not only induce the firm to choose a high
level of effort but also to reveal private information once it knows whether
costs are high or low. From the revelation principle, there is no loss of gener-
ality in restricting the analysis to direct revelation mechanisms which consist
of a pair of contracts {(« (é()), :B(é()))}é(,e{g,é} stipulating a fixed fee o (90) and

a share g (éo) of the cost borne by the firm as a function of its report éo on its
innate base cost level. Since, for any slope of the incentive scheme B (90) , the
firm always choose an effort level given by e = 8 (), we define the certainty
equivalent of the firm’s expected utility when knowing 6y as

_ 2\ 2 ()
U(6) = max a(fo) — B(00)0 + S 12" B0

27
foet0.6) 2 =7

Taking the profile of rents and slopes of the incentive schemes

((U(6y), ,3(@0))}(;06@@) as the true primitives of our problem allows to write

the truthtelling constraint for an efficient firm as*’

U@®) = U(®) + A6B(D). (28)

The contract consisting in offering a rent/effort profile given by
U*(6p) = 0 and ¢*(0y) = eff that would be offered had 6, been contractible

* For some empirical evidence, see Flyvbjerg, Skamris Holm, and Buhl (2002) and Gan-
nuza (2007). Based on a sample of 258 transportation infrastructure projects worth US$90
billion and representing different project types, geographical regions, and historical pe-
riods, the authors found with overwhelming statistical significance that the cost esti-
mates used to decide whether such projects should be built are highly and systematically
misleading.

* We only focus here on the relevant upward incentive constraints where the low cost firm
wants to strategically inflate its costs. See Laffont and Martimort (2002, chapter 2).
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can no longer be implemented under asymmetric information because an
efficient firm would strategically inflate its costs. Cost overruns arise for such
badly designed contracts.

To avoid cost overruns, the truthtelling constraint (28) must be binding
at the optimum. This imposes some extra risk on the firm and an extra risk
premium that society bears to induce the firm’s participation. Reducing this
risk premium requires to distort downward ¢(f) below its complete informa-
tion value, which is obtained by giving to an inefficient firm a low-powered
cost-plus contract.

PROPOSITION 7: With ex post asymmetric information, strategic cost overruns
are a concern. The optimal menu of incentive contracts that prevents cost overruns is
such that the less efficient firm produces under low powered incentives wheveas the firm
receives incomplele insurance against the realizations of innate cost:

UB@) > 0> U@) and *0) =e > 58(0).

Remark 3: COST OVERRUNS AND BUNDLING. With low-powered incentives
needed to avoid strategic cost overruns, it becomes less valuable to bun-
dle construction and management in an extended multitask version of the
model along the lines of Section 2. This does not implies that bundling is no
longer optimal. Indeed, cost overruns also occur with the more traditional
mode of contracting and would shift the power of incentives the same way.
We conjecture that a priori, a positive externality between construction and
management would still be conductive to bundling even with ex post asym-
metric information.

Remark 4: COST OVERRUNS, RENEGOTIATION AND THE SOFT BUDGET CONSTRAINT.
The optimal contract found above is not renegotiation-proof once 6y is
known. Indeed, to induce revelation information, this contract requires that
an inefficient firm runs a loss. This creates incentives for the least efficient
firm to stop the ongoing project if its innate costs are high. Anticipating this
outcome, G may not refrain from instilling more subsidy to ensure that even
the worst firms breaks even; another instance of the soft budget constraint
fallacy. Such renegotiation is akin to assuming that the firm is protected by
a pair of interim participation constraints ensuring it indeed always breaks
even:

U) =0 Vo, (29)

Such constraints harden the trade-off between incentive and participation.
It can be easily seen that only the firm with type 6y = 6 obtains now a pos-
itive expected payoff and the corresponding distortion needed to induce
truthtelling are exacerbated leading to a large effort distortion.
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5.3. Related Literature

Laffont and Tirole (1993, chapter 8) proposed an adverse selection model
with repeated auctions of incentive contracts which shares many features
of our model, most noticeably the shift toward higher powered incentives
over time. An incumbent invests in period 1 but, because of contract
renewal, may lose the benefits of its investment if it is not granted the new
contract for date 2. They particularly focused on the necessary bias toward
the incumbent as an incentive tool to secure investment. Our pure moral
hazard model can be viewed as providing a simplified version of the same
insight. Dewatripont and Legros (2005) argued that ex ante competition
between potential consortia may limit the extent of cost overruns and that
introducing a third-party (typically outside shareholders or creditors) in a
PPP contract may improve monitoring which limits cost overruns as well.?’

5.4. Implications

Empirical evidence on effort allocation in long-term projects shows that
effort rises over time. Projects within firms often run beyond deadlines and
most resources are increased toward the final stages as in Marshall and
Meckling (1962) and Mansfield, Schnee, and Wagner (1995). Actual costs of-
ten significantly exceed cost estimates used to decide whether public projects
should be built. PPPs are not immune to cost overruns, though no clear
evidence exists as to whether cost overruns under PPPs are more or less
likely than under traditional procurement. In the United Kingdom, with tra-
ditionally procured contracts in 73% of central government’s construction
projects, the price to the public sector had exceeded the contractors’ tender
price and the project ran over budget; actual costs were between 2% and
14% above estimates. The equivalent figure with PFI was 22% although that
was due to the private companies bearing the cost increase rather than the
cost increase not occurring (NAO 2003b). Examples of cost overruns under
PPP also include the disastrous case of Metronet, the private tube contractor
for London Underground, whose cost overruns led it to bankruptcy.

While risk allocation in PPPs generally forces the contractor to bear a
significant part of the construction and operational risks, the actual risk

% Other insights on contract dynamics, not explicitly analyzed here, relate to the cost of
flexibility and adaptations over the life of the contract. Ross and Yan (2011) analyzed the
cost of renegotiation in PPP contracts when changes to service production and delivery
become necessary. This cost is shown to depend on the likelihood that changes will be
necessary, the productivity of noncontractible effort exerted by private sector partners,
the costs of renegotiation and the bargaining power of governments vis-a-vis private par-
ties. The trade-off between incentives and flexibility was also examined by Ellman (2006)
who showed that a long-term contract better protects the contractor’s investment from
being expropriated by the government but it also reduces the government’s incentives to
discover new service innovations.
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allocation may differ from what was originally planned. Governments are
providers of last resort and contractors are aware that public authorities
cannot afford prolonged service disruption. The re-tendering of a PPP con-
tact is a long and costly process. Also, as the case of London Underground
points out, a market for secondary contracts may not always exist. In fact very
few PPP contracts have been prematurely terminated. The Channel Tunnel
Raillink is one example of the government bailing out the PPP contractor.
More generally, empirical evidence supports that risk allocation in practice
often departs from what is laid out in theory (see, e.g., Lobina and Hall
2003). As stressed by The World Bank, “whether PPPs perform better than full
provision by state-owned enterprises depends in particular on whether performance risk
is effectively shifted from taxpayers to the private shareholders of the company that
enters into a concession-type arrangement.” 51

6. The Role of Institutions: Regulatory and Political Risks

6.1. Under-Investment and Opportunistic Governments

The nonstationary path of incentives described in Proposition 6 is highly
dependent of G’s ability to commit to increase subsidies in the second period
to reward BO’s initial investment. Assume now that such commitment power
is absent and that renegotiation takes place at date ¢ = 2 with G still having
all bargaining power at that stage and extracting all surplus that BO could
withdraw from renegotiation.

At date 2, BO’s investment «° is sunk and the second-period cost reim-
bursement rule is renegotiated to reach the optimal trade-off between main-
tenance effort and risk that would arise in a static context, i.e., conditionally
on the investment level a°.°2 This yields the standard expressions for the
second period maintenance effort and the slope of the renegotiated incen-
tive scheme:

°! World Bank (2002, pp. 23-24).

5 One word of clarification on the space of contracts allowed is needed. Indeed, at date
2, the investment level a is private information for the firm. This suggests two things: first,
the second period renegotiated contract should aim at screening this piece of informa-
tion; second, anticipating this screening possibility the firm should create endogenous
uncertainty by randomizing among several possible levels of investments. This would cer-
tainly bring our analysis closer to the framework of renegotiation under moral hazard due
to Fudenberg and Tirole (1990) but at the cost of much complexity. Even if such larger
class of second period contracts was allowed, we feel rather confident that the insight that
we develop in this section, namely the systematic move toward cost-plus contracts, would
be preserved.



The Simple Microeconomics of PPP 37

Under limited commitment, G can still adjust the second-period fixed-fee to
extract all surplus of the firm given his expectation over the investment level
a" at this date and, of course, expectations are correct in equilibrium.
Anticipating the slope of date 2 incentive scheme, and knowing also the
slope of the first-period incentive scheme, BO chooses his investment so that

¢ = era. (30)

With an opportunistic government, welfare is obviously lower than with
full commitment. The second-period contract also entails lower powered
incentives because, at date 2, G does not take into account the impact of
the second-period contract the first-period investment. Since ¢ = 5% < 37,
(30) implies that BO enjoys less of the benefits of its investment. To maintain
incentives, BO must be even more reimbursed for its first-period costs than
under full commitment. This tilts first-period incentives even further toward

Cost-plus contracts.

PROPOSITION 8: With an opportunistic government, investment is lower and
cost-resmbursement rules are even morve tilted toward cost-plus contracts than under
full commitment:

e? < e‘ISB, eg < e‘;B, and ® < a®®.

Regulatory risk. Assume now that renegotiation takes place at date 2 only
with probability p. This parameter is a measure of institutional quality, with
higher values of p meaning weaker enforcement. For instance, the govern-
ment may change between dates 1 and 2 with some probability due to elec-
tions or renegotiation takes place due to exogenous events. In some cases,
PPP contract clauses indeed seek to insure the private operator against aggre-
gate risks, but episodes have occurred where governments have reneged on
these clauses when a severe macroeconomic crisis occurred. The assumption
of limited commitment also fits quite well the case of developing countries
with weak enforcement power.

At date 2, BO’s investment a” is sunk and with probability p the sec-
ond period cost reimbursement rule is renegotiated to implement the con-
ditionally optimal maintenance effort ¢5? through an incentive scheme hav-
ing slope B3E. This leads to the following expression of BO’s incentive
constraint:

pel’ + (1= p)es = era. (31)

The effort levels in this model with political risk are intermediary between
the full commitment and the case of an opportunistic government viewed
above. An increase in regulatory risk (i.e., p greater) thus lowers incentives
for investment and induces more low powered incentives.
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Other scenarios. In the case of contractible profits or of contractible rev-
enues, where infrastructure-improving investment in the first period en-
hances second period’s quality and service demand, similar insights are
obtained. With an opportunistic government, investment is lower and
incentives are even less high-powered in both periods than under full
commitment.”

6.2. Related Literature

In a pure adverse selection framework, Aubert and Laffont (2002) analyzed
the mechanism through which a government can affect future contracting
by distorting regulatory requirements to take into account possible politi-
cal changes and renegotiation. Assuming that the current contract binds all
future governments, imperfect commitment implies that the amount infor-
mation revealed in the first period is strategically determined to affect the
beliefs of the future governments.

Several political motives have been proposed to explain why govern-
ments may want to renegotiate PPP contracts. A government may increase
its chances to be re-elected by expanding spending or by promoting invest-
ment in public works that create jobs and boost economic activity (Guasch
2004, Engel et al. 2006).

6.3. Implications

Institutional quality plays a critical role in the provision of public services
by the private sector. Hammami, Ruhashyankiko, and Yehoue (2006) indeed
found that private participation (in the form of PPP, privatization, or tra-
ditional procurement) is more prevalent in countries with less corruption
and with an effective rule of law. For PPP contracts, the benefit of whole-life
management cannot be realized in the absence of strong governance and
minimal risk of unilateral changes of contract terms by the government.
Governments’ failure to honor the terms of concession contracts is a
pervasive phenomenon. In LAC countries, it is common for a new admin-
istration to decide not to honor tariff increases stated in the concession
contract granted by previous administrations. Examples include the Limeira
water concession in Brazil which was denied a tariff adjustment allowed by
a contract signed by a previous administration. There are also cases where
legislation was passed to nullify contractual clauses. The Buenos Aires water
concession indexed local-currency denominated tariffs to the U.S. dollar to
protect the contractor against currency risk. However, after a devaluation
of the local currency, the U.S. Congress passed an economic emergency law
that nullified these guarantees (Lobina and Hall 2003). Using a sample of

% Jossa and Martimort (2012a).
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307 water and transport projects in five Latin American countries between
1989 and 2000, Guasch, Laffont, and Straub (2006) found that 79% of the
total governmentled renegotiations occurred after the first election that
took place during the life of the project. In many cases the central or local
government during a re-election campaign decided in a unilateral fashion to
cut tariffs or not to honor agreed tariff increases to secure popular support.

Political risk has also played a crucial role in Central and Eastern Europe.
As reported by Brench et al. (2005), a major obstacle to the PPP policy in
Hungary was the frequent change in political attitudes toward PPPs and user
tolls. Since 1990, each change in government resulted in a different attitude
and a different institutional framework for PPPs.

The impact of regulatory risk in PPPs is significant as it discourages
potential investors and raises the cost of capital and the risk premium
(higher tariffs, or smaller transfer price) paid for a PPP contracts. Guasch
and Spiller (1999) estimate that the cost of regulatory risk ranges from 2%
to 6% age points to be added to the cost of capital depending on country and
sector. An increase of 5% age points in the cost of capital to account for the
regulatory risk leads to a reduction of the offered transfer fee or sale price
of about 35% or equivalently it requires a compensatory increase in tariffs of
about 20%. Regulatory risk also discourages investors. In the 16 billion Lon-
don Underground project of 2002-03 a high level of political controversy
made lenders nervous, with the result that 85% of the debt had to be guar-
anteed by the public sector at a fairly late stage in the procurement process.

Renegotiation by the government of concession contracts in LAC coun-
tries is also widespread. Considering a compiled data set of more than 1000
concessions granted during 1985-2000, Guasch (2004) showed that 30%
of the concessions were renegotiated and in 26% of the cases the govern-
ment initiated the renegotiation. Using a data set of nearly 1000 concessions
awarded from 1989 to 2000 in telecommunications, energy, transport, and
water, Guasch, Laffont, and Straub (2008) showed that the probability of
firm-led renegotiation is positively related to the characteristics of the con-
cession contract among other things. Firm-led renegotiation on average tend
to favor contractors. Guasch, Laffont, and Straub (2007) showed that the role
of an experienced and independent regulator (or in general the quality of
bureaucracy) is especially important in contexts characterized by weak gov-
ernance and high likelihood of political expropriation. In LAC countries,
regulatory agencies were rarely given training and instruments adequate to
their mandate and even lacked political support from the government.

To improve governance, a number of countries have created dedicated
PPP units—centers of expertise—to manage the contract with the private
contractor.’® Different approaches have been taken with regard to the gov-
ernance of these units as some of them have been set up within the public

* Bennett and Iossa (2006) used an incomplete-contract approach to compare contract
management by a public-sector agency with delegation of contract management to a PPP



40 Journal of Public Economic Theory

sector (e.g., Central PPP Policy Unit in the Department of Finance 1 in Ire-
land or the Unita’ Tecnica della Finanza di Progetto in Italy), others outside
(partnership UK in the United Kingdom which is a joint venture between the
public and private sector with a majority stake held by the private sector).

7. Conclusions

Notwithstanding the policy relevance, still little theoretical and empirical
work has been carried on the topic of PPPs. Building on the existing liter-
ature, our analysis has pointed at the efficiency gains that PPP arrangements
can bring over traditional forms of procurement but also emphasized how
PPPs may be unsuitable in a variety of more complex circumstances.

In particular, our analysis suggests that PPPs are more beneficial when
a better quality of the infrastructure can significantly reduce costs (includ-
ing maintenance cost), when infrastructure quality has a great impact on
the quality of the service and service demand, and when demand for the
service is stable and easy to forecast. This points to the suitability of PPPs
in the transport and water sectors, where infrastructure quality is key and
demand is relatively stable, while it suggests that PPPs are less likely to de-
liver efficiency gains for nursing homes and schools, where service quality is
mainly determined by human capital investment, or for IT services, where
demand evolves quickly over time. Furthermore, our demand risk analysis
has shown that welfare under PPPs is higher when service quality is verifi-
able, demand risk is low or the firm can diversify risk, and when there are
government contributions or the initial capital investment is low. Recourse
to private finance can however improve the operator’s incentives if lenders
bring their expertise in monitoring effort. In this respect, PPPs might be
suitable also for high capital value projects.

Our results have also shown that bundling project phases and long-term
contracting allow PPPs to provide efficient long-term incentives and to opti-
mize the trade-off between investment and maintenance along the life of the
project. This helps to prevent cost overruns but it requires institutions with
strong commitment power. As the risk of regulatory opportunism increases,
the case for PPPs becomes weaker.

Two important issues have been left out of the analysis. The first re-
lates to the award procedure. As PPP contracts must cover the design, build-
ing, operation, and finance of the infrastructure, scoring rules need to ac-
count for a variety of quality and cost dimensions. Further, communication
between procurement authority and potential contractors is needed to
match project proposals with authority’s needs. In Europe, the auction pro-
cedure for awarding PPP contracts, the so-called “Competitive Dialogue,” was

that is a joint venture between private and public sector agents. They showed that delega-
tion may be desirable to curb innovations that reduce the cost of provision but also reduce
social benefit.
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indeed designed to combine communication with competition.”® Research
on the topic however remains limited.”

Second, beyond the case of regulatory risk, we have been silent about
much of the institutional contexts in which PPP contracts are designed.
There are at least two aspects that deserve more attention. The first one
is related to the internal organization of the public sphere and its conse-
quences on the likely important delay in having the various public entities
involved (local governments, the central State, various ministries) agreeing
on a public demand.”” The second important omission of this paper on the
political economy side is that we disregarded the risk and cost of corruption
in the different stages of the PPP process, though some research exists on
the topic.” This like other important issues on the design and usefulness of
PPP contracts await further research.

Appendix

Proof of Proposition 2: Consider first the case of unbundling with the incen-
tive constraints (5) and (14). Taking into account the risk premiums paid to
induce participation by both the builder and the operator, G’s optimization
problem becomes

(1 + rof) a? (1 + rof) e

max by — 60y +e+ (b+68)a— —
2 0 o ( ) 9 9

(a,e

Optimization leads to

ajf = % > a;jB =0, and e‘zg = egB.
&

Consider now the case of bundling with the incentive constraint (15).
Since G has all bargaining power in designing the consortium’s contract and
extracts all its ex ante surplus, its optimization problem becomes

2 2 2) ,2
max by — 0+ ¢+ (b+8)a— = — % (a—50)% — (+rod) et
(ae) 2 2 2

The maximand above is greater than under unbundling for a positive
externality. The reverse holds for a negative externality. The optimal effort
levels are given by

SB _ _SB Srofe;ffj d  ¢SB = B 8ro; (b(1 +18%) +réa?)
bqg — auq Tra&g’ eb(] - euq (1 + TUQ)D ’

% In private procurement, Bajari, McMillan, and Tadelis (2009) showed that contracts
where communication is important are more likely to be awarded by negotiation than
by auction.

% See Doni (2007) for a brief discussion of the alternative procedures for PPP contracts.
%7 See Dobrescu ef al. (2008) on this issue.

% Martimort and Pouyet (2008) and Iossa and Martimort (2012b, 2013).
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where D = (1 +r02)% + r6%02. One can check that a}® > a’f and ¢} > ¢3F

u

since § > 0. [ |

Proof of Propositions 3 and 4: Under private ownership and unbundling, G
extracts all the owner’s surplus because he has all bargaining power ex ante.
Given the effort levels defined in (16) and (17), we get the following expres-
sion of social welfare and inequality imply that Proposition 3 holds:

W = W 4 (b+s+8A-m)s (1-m)**
2 8

Under private ownership and bundling, ownership has still some value.

Observing that G extracts now all ex ante surplus from the consortium by

raising the fixed fee @ by an amount that covers the extra net benefit that

the owner can withdraw from his investment, and finally, aggregating the

two incentive constraints in (18), we obtain the following expression of G’s
maximization problem:

> WS = Wi, (A1)

2 1+ ro?
1}135)4170—90+(b+s+5)a+e—%__( 5 8)82

1—
subject to a = §e + (-

S.

We use this last equality to express G’s objective function under unbundling
and private ownership before optimization with respect to ¢ as

. o 1 5202 202
W (e) = W' (e) + (b+8—|— +”s>5e— Te - % (A2)
where
us 2
; p () L, el
Wy, (e):bo—90+(b+8+s)au—T—i—e— 5
The result of Proposition 4 immediately follows. u

Proof of Proposition 5: Taking into account the risk premium borne by BO
and the coalitional incentive constraint (23), we obtain the expression of G’s
problem as

0'30'? o2
maxby—60p+e—|1+7r 5 5| 5
e 06 +O'§ 2

1
The optimal effort level is PO = — > 58 |

o202 = “u
1+ r—=—=

21 52
o +0'§

Proof of Proposition 6: G has still all bargaining power and uses accordingly
the intertemporal fee o7 4 a9 to extract all BO’s surplus. Aggregating the
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three incentive constraints (24) into a single one, G’s optimization problem
becomes:

2 2\ ,2 2
14r07)e; a
max 2(170—90)4-{2 Ei—% +(1+b)d—§
a,ey,e9 i—1

subject to es = ae;. (A3)

Denote by p the multiplier of (A3). The firstorder conditions w.r.t.
(e1, e2, a) are

1—(1+1’O’3)€1=/Ld, 1—(1+ra§)62=—;L,andl+b—a=,uel.

From this, we can express (e1, e9, a) as functions of -

_1l=p(+0d) _I4p
e1(p) = m, ea () = W,an
() (1+0b) (l—l—rof)—,u
a = s
H 1+r02 —p?

which are all positive effort levels when 0 < p < ﬁ.
Inserting into (A3), we get that p solves

o) = (T4+7r02) (1 —pA+0)((1+0) (1+r0?) — )
—(1+p) (14702 =)’ =0. (A4)

Since ¢(0) > 0 > ¢(737), there is a root u € (0, 15), which yields the

result. |

Proof of Proposition 7: Contracting taking place ex ante, i.e., before the firm

learns its innate costs, the following ex ante participation constraint must
hold:

va(U(0)) + (1 —v)u(U(#)) = 0, (AD)

where u(x) = %(l — exp(—rx)) because of constant risk aversion.
G’s problem can now be written as

(1+7r02) B*(60)

max by + Ey, (—90 + B(6y) — 5

(U().B(-))
(28) and (Ab).

- U(@o)) subject to
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Observing that both (28) and (Ab) are binding yields the following
expressions of the certainty equivalent for the firm’s payoff for each real-
ization of 6 as

USP(9) = A0S (@) + %l”(l — v+ vexp(~rAg8°(9))) > 0,

S 1 =
U*(0) = —in(1 —v + vexp(—rA08* (9))) < 0.
r
The levels of effort are, respectively, given by
eSB(Q) — ﬁSB(Q) — ei[f and eSB(é) — ﬁS‘B(é)

1 vAO (l — exp(—rA@eSB(é))) SB
= — _ < e,
1+ ro? 1 —v + vexp(—rAfeSE(0)) “
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