
Teaching an Old Dog a New Trick:

Reserve Price and Unverifiable Quality

in Repeated Procurement�

Gian Luigi Albano� Berardino Cesi� Alberto Iozzi�

March 22, 2021

Abstract

In a repeated competitive procurement framework, this paper shows that a buyer is able

to elicit the provision of unverifiable quality by strategically using the reserve price, while

treating all competing firms equally as prescribed by several procurement regulations world-

wide. We study an infinitely repeated procurement model with many firms and one buyer,

who is imperfectly informed on the firms’ cost. In each period, the buyer runs a standard

low-price auction with a publicly announced reserve price. We study both the case of an

uncommitted and committed buyer. Under the assumption of lack of commitment, the

buyer can elicit the desired level of unverifiable quality provided her baseline valuation

of the project is not too high and the marginal value of unverifiable quality is not too

low. A committed buyer can elicit the desired quality level for a wider range of preference

parameters.
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1 Introduction

Procurement contracts are endemically affected by several frictions arising at the exe-

cution stage, when contractual clauses need to be enforced. In this paper we focus on

the frictions caused by unverifiable quality. Quality is unverifiable when it relates to

performance dimensions that cannot be objectively measured even when the buyer is

able to observe them. Examples comprise Information Technology or management con-

sulting services, where it is virtually impossible to measure a consultant’s pro-activeness

or his/her ability to provide innovative solutions, albeit such performance dimensions

can be easily observed. Lack of verifiability may also affect quality dimensions such

as a software’s degree of user-friendliness and the palatability of catering services. If

quality is unverifiable, and thus non-contractible, frictions also affect the awarding stage

of a procurement contract, since a buyer cannot elicit bids on quality when adopting a

competitive tendering procedure to award the procurement contract.

What device would a buyer adopt to induce suppliers to deliver unverifiable qual-

ity when the latter can neither be part of a bid nor enter contractual clauses? Rela-

tional contracts have been advocated as a potential solution as procurement activity is

overwhelmingly a repeated activity. Relational contracts are informal agreements and

unwritten codes of conduct that are sustained by the value of future relationships and

are applicable in cases where the outcome of a repeated relationship is based on some

unverifiable variables.1

Andrews and Barron (2016) and Board (2011) frame the repeated procurement prob-

lem in the context of an industrial (long-term) relationship between a downstream firm

and many competing upstream suppliers, whereby the downstream firm enters a bilat-

eral contract with a supplier of her choice. This approach fits very well the interaction

1The literature on relational contracts originates from the seminal papers of Bull (1987) and MacLeod
and Malcomson (1989). More recent contributions to this literature are Levin (2003), who first charac-
terises the optimal relational contract with adverse selection and moral hazard and Levin (2002), who
study the relationship between bilateral and multilateral contracts. Relational contracts have been ap-
plied in several fields: labour market (MacLeod, 2003); Levin, 2003; and Li and Matouschek, 2013),
interaction between/within firms (Baker et al., 2002; and Rayo, 2007), regulation (Cesi et al., 2012) and
experimental economics (Fehr and Schmidt, 2007; and Bigoni et al., 2014). A relational contract with
observable but unverifiable quality in procurement was first studied in Taylor and Wigging (1997).
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between private agents. However, when the procuring organisation is a public body, reg-

ulatory constraints often limit the procuring entity’s ability to freely select the contrac-

tor. In fact, (some form of) competition is deemed necessary to award the procurement

contract.2

As competition may be ineffective when quality is unverifiable3, a stream of research

has shown that enhancing a competitive procedure with a reputational mechanism linked

to firms’ past performance may solve the problem of selecting the most efficient firm as

well as provide the correct incentives for quality provision. In public procurement, past

performance may be used in two different ways. It may become a selection criterion,

that is, a dimension to decide whether or not a firm has the right to participate in the

competitive procedure. This assumption is adopted by Calzolari and Spagnolo (2017).

It may also be used as an award criterion, that is, as one of the non-price dimensions

of the firm’s tender that the buyer commits to evaluate. This route is undertaken by

Albano et al. (2017).

Using past performance as either an award or selection criterion, though, may raise

concerns about the procuring entity’s discretionary power in evaluating a firm’s past

performance. It is then unsurprising that regulatory systems have taken different stances

on this issue. In the US federal procurement regulation, past performance is a critical

dimension of the tender evaluation process.4 In the EU procurement regulation, past

2This consideration also stretches to the cases of large private firms and state-owned enterprises. See,
for instance, Decarolis et al. (2020) who study the procurement practices of ACEA, one of the biggest
Italian multi-utility companies.

3See, for instance, Manelli and Vincent (1995) and De Chiara (2020). Also, Bajari et al. (2009)
provide empirical evidence in the case of non-resident private sector building contracts in Northern
California from 1995 to 2000. In an empirical analysis of the procurement of public works in Italy from
2000 to 2006, Decarolis (2016) finds that first-price auctions lower the price but worsen performance, as
measured by completion time, cost budget, or work quality. Analysing the regional railway services in
Germany, Lalive et al. (2015) instead show that, compared with negotiations, auctions improve service
levels and reduce prices.

4The U.S. Federal Acquisition Regulations, part 12.206, specifies that “[p]ast performance should be
an important element of every evaluation and contract award for commercial items”, providing (federal)
agencies with broad discretion in deciding how they will consider firms’ prior experience - whether the
firms have done similar work before - and past performance - how well they have done that work. The the
U.S. Government Accountability Office (GAO) report on the use of past performance in awarding federal
contracts emphasises that “in almost all procurements [. . . ] the contracts were awarded to the offerors
that received the highest rating for nonprice factors, such as prior experience or past performance” (2011,
p. 2).
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performance may only be used to exclude a firm from a procurement procedure (that

is, as a selection criterion), but it cannot enter the tender evaluation (award criterion).

Ruling out past performance from the tender evaluation is traditionally grounded on

the principles of ‘equality of treatment’ and ‘non-discrimination’, which inspire the EU

public procurement regulation.5

In this paper, we show that a competitive procedure with a (publicly announced)

reserve price is able to select the most efficient supplier and to provide incentives for the

provision of unverifiable quality. As the reserve price communicates to the supply market

the highest amount of financial resources the buyer is willing to spend for realising the

project, it represents a non-discriminatory dimension of the procurement design, fully

compatible with any procurement regulation. This makes our competitive process satisfy

a ‘strong non-discriminatory constraint’, as discussed in Jehiel and Lamy (2015), in that

“the final allocation and payments depend on the profile of valuations in an anonymous

way” (p. 2602).6

Adopting a reserve price, though, is neither compulsory nor universally adopted

in public procurement, despite playing a crucial role in competitive tendering design.7

However, as the reserve price caps the buyer’s willingness to pay for the project, an

identical role is normally played by the budget allocated to the procurement contract,

and our results can be easily reinterpreted as related to the use of budget in procurement

contracts. The pervasiveness of the budget in public procurement makes our contribution

relevant even when a reserve price is not explicitly foreseen in the relevant procurement

regulation and common practice.

In our model, a buyer interacts repeatedly with a large number of suppliers, is un-

informed relatively to their efficiency and cannot contract on the quality of the to-be

procured project. In every period, the buyer is bound to use a competitive procedure

5See Directive 2014/24/EU on public procurement.
6The effect of discriminatory/non-discriminatory reward schemes in static contests with private in-

formation and unverifiable quality is studied in Pérez-Castrillo and Wettstein (2016).
7In a standard selling auction with independent private values, the seller can implement the optimal-

revenue maximizing -mechanism by using a second-price auction with an appropriately chosen reserve
price. See, for instance, Riley and Samuelson (1981) or Krishna (2009).
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to select the contractor and sets a reserve price that caps the highest bid the buyer is

willing to accept to award the project. Efficiency at the selection stage and enforcement

of unverifiable quality at the execution stage are brought about by using a price-only

auction and by setting a ‘high’ reserve price if the contractor(s) in the past delivered the

required quality, and a ‘low’ reserve price otherwise.8

We study a model with N ≥ 2 firms and one buyer imperfectly informed on the firms’

cost. The relationship between the buyer and the firms takes the nature of a relational

procurement contract (RPC, henceforth) where players use grim trigger strategies. We

study both the case of a buyer able to commit and unable to commit to the reserve price.

When the buyer is uncommitted, we find two types of equilibria, depending on how much

the buyer cares about quality. In the first type of equilibrium, when the buyer’s valuation

of quality is high enough, the cooperative reserve price is ‘high’: Along the equilibrium

path, the buyer’s desired quality is always delivered and the contractor’s rent is limited

by competition only. In the second type of equilibrium, when the buyer values quality

less, the cooperative reserve price is ‘low’: Along the equilibrium path, only low-cost

firms will are willing to participate in the auction and the buyer runs the risk of not

awarding the contract when all competing firms draw a high cost. A self-enforcing RPC

does exist provided that: i) the firms’ discount factor is high enough so as to ensure they

value future rents from cooperation high enough; ii) the buyer’s marginal valuation of

quality is high enough so as to make the rent provided to cooperating contractors socially

valuable; and iii) the buyer’s valuation of the project is low enough so that a sufficiently

harsh punishment becomes a credible threat should a deviation occur.

Both types of equilibria entail a punishment reserve price equal to the lowest possi-

ble (fixed) cost. Given the multilateral nature of the relational contract, when setting

the punishment reserve price, the buyer anticipates that no quality would be delivered

during the punishment phase, therefore she sets the reserve price so as to minimise the

8As further discussed in the concluding section, the cost structure we assume in the model would
allow to separate the awarding stage from the stage in which quality is obtained from the selected
contractor. This two-stage procurement procedure is reminiscent of the two-stage procedure analysed
in Herweg and Schwarz (2018), in which, in a first stage, a price-only auction is used to select the most
efficient firm and, in a second stage, the quality of the output is negotiated with the selected contractor.

4

Teaching an Old Dog a New Trick: Reserve Price and Unveriable Quality in Repeated Procurement



purchasing cost of the project. Under the assumption of commitment, the buyer can

credibly threaten a cheating firm with a softer punishment reserve price. Since it leaves

a strictly positive rent to an efficient cheating contractor, this softer punishment reserve

price has two effects relatively to the uncommitted case. First, it requires a higher co-

operative reserve price; secondly, it makes the conditions on the discount factor more

stringent. Unlike the uncommitted case, since the buyer is now unable to deviate from

her cooperative strategy, an equilibrium exists even for low levels of the preference pa-

rameter for quality and for high levels of the intrinsic value of the project. Unlike the

uncommitted case, a committed buyer is always able to enforce her desired level, even

when her evaluation of the project is low.

The paper is organised as follows. We describe the model in Section 2. Section 3

analyses the constituent game. Section 4 examines the dynamic game with grim-trigger

strategies, under the different assumptions of an uncommitted and a committed buyer.

Section 5 concludes. All proofs are relegated to the Appendix.

2 The model

The players. A buyer wishes to procure a project of fixed size. The project is procured

repeatedly in each period of time t, with t = 0, . . . ,∞. The quality of the project,

denoted by q, may vary, so that q ∈ [0,∞). The overall utility the buyer derives from the

project is equal to v + sq, where v denotes the baseline value of the project, regardless

of its quality, and s is a taste parameter that captures the marginal valuation of the

quality of the project. The buyer’s net utility is then U(v, q, p) = v + sq − p, where p is

the price the buyer pays for the project when procuring the project, and zero otherwise.

There are N firms able to provide the project, with N ≥ 2.9 In every period, firm

i’s cost (with i = 1, . . . , N) is given by C(θi, q) = θi+ψ(q) when it provides the project,

and zero otherwise. The fixed firm-specific cost component θi is a draw from a discrete

random variable whose possible realisations are θL and θH , with Prob(θi = θL) = β and

9The buyer is referred to as she. The gender-neutral pronoun is used for firms and the contractor,
which is the competitively selected firm in any given period.
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β ∈ (0, 1). This draw is renewed in each period and its probability is independent of

previous draws. Thus in each period, the probability of a firm’s being (in)efficient is

identical and independent of any previous realisation of its cost parameter. We assume

θL < θH and let Δθ ≡ θH−θL. The other cost component ψ(q) is the cost of quality, and

is identical across firms when the quality they provide is also identical. We assume that

ψ(q) is increasing and convex in q, and satisfies ψ(0) = 0. Firm i’s profits are given by

πi ≡ π(p, q) = p− θi−ψ(q) when it provides the project and zero otherwise. We assume

that firms have no access to credit, so that they face a single-period non-negativity

constraint on profits.10

We assume that v ≥ θH to ensure that the basic project is socially beneficial under all

cost conditions. Also, to make the provision of quality socially desirable, we let s ≥ ψ(q)
q

for any q in the relevant range of our analysis. All players have a common discount

factor equal to δ, where δ ∈ [0, 1).11

Competitive tendering. In each period, the buyer awards the project by running a low-

price auction with a public reserve price. In this context, the reserve price is the highest

price the buyer is willing to pay for the project. More specifically, at all t, the competitive

procedure is such that the buyer first publicly announces a reserve price r and then firms

simultaneously submit their bids. Each firm bidding above the reserve price is excluded

from the auction. The project is awarded to the lowest-bid firm of the remaining firms;

in case of a tie, the project is awarded by using a fair random device. If all firms are

excluded, the project is not awarded.12

Bids are one-dimensional. Being quality not contractible (see below), it cannot be

made part of the bid. Firms face no bidding costs.13

10See Arve (2014) for an analysis of a repeated procurement market with financially constrained firms.
11As is standard, the discount rate reflects not only the intertemporal preferences of a player, but

also the probability of not taking part in the market in some future repetitions of the game. This would
naturally call for a different discount rate between the buyer and the firms, which would not add any
major insight since, in our model and because of its timing, the buyer’s discount rate plays no role, see
the discussion following equation (9).

12Money is assumed to be a discrete variable, with ν being the smallest monetary unit. In the
remainder of the paper, ν will be assumed to be arbitrarily small and thus ignored.

13This assumption would apply, for instance, when participation costs are of an order of magnitude
much lower than the cost of the project itself. For the analysis of entry and bidding costs in repeated
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Informational structure. We consider a game of incomplete information. The buyer has

incomplete information on the firms’ costs; on the other hand, each firm perfectly knows

its own and the rivals’ cost parameters when they are realised. All players observe the

reserve price the buyer sets, the bids made by all firms once the contract is awarded, and

the quality delivered by the contractor after the latter carried out the project. Although

quality is perfectly observable, the lack of verifiability makes it non-contractible and non-

enforceable in a court of law. This simple informational structure makes our problem

tractable and isolates the buyer’s main problem-namely, to select the most efficient firm

at the (end of the) bidding stage of the procedure, and to induce the required level of

project quality at the execution stage.

The game. We analyse an infinitely repeated game resulting from an infinite repetition

of the following sequential stage game:

stage 1: the buyer auctions off a project through a low-price sealed-bid auction with a

public reserve price r;

stage 2: (the bidding stage) firms learn their cost parameters and submit sealed bids;

bids are made public and all firms bidding above reserve price r are excluded from

the auction; the lowest-bid firm is selected as the contractor out of the remaining

firms (if any);

stage 3: (the execution stage) the contractor chooses the quality level and delivers the

project. The buyer pays the contractor a price equal to its bid. Quality is publicly

observed, and all payoffs are collected.

3 The constituent game

In this section, we analyse the constituent game. In a static setting, the buyer cannot

induce any quality different from zero. The optimal reserve price only solves the basic

trade-off between saving on the purchasing price and probability of trade.

procurement, see Groeger (2014).
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Proposition 1. Let

v ≡ Nβ

1− β
Δθ + θH . (1)

The static game admits a perfect Bayesian equilibrium whereby the buyer selects the

optimal reserve price, rS, as follows: if v ≤ v, then rS = θL; if instead v > v, then

rS ≥ θH . If the project is awarded, the contractor delivers a quality equal to zero.

In the final stage of the game, the contractor always finds it optimal to deliver quality

equal to zero. Hence, in the second stage, all firms bid anticipating to deliver no quality.

In the first stage of the game, the buyer anticipates that no quality will be provided.

When setting the reserve price, the buyer faces the ‘standard’ trade-off in a single-object

low-price auction: She may set a high reserve price so that both low-cost and high-cost

firms will participate in the auction, or she may charge a low reserve price so that only

a low-cost firm will bid. In the former case, the buyer benefits from the highest possible

level of participation; this comes, however, at the cost of a possibly higher final price.

Conversely, a low reserve price lowers the final price, but it cuts high-cost firms off; if all

firms are inefficient, the buyer does not award the contract and does not benefit from

the project.

The resolution of this trade-off does depend on the value of v. When the value of

the project is large, the buyer prefers to set a high reserve price to ensure that she

will obtain the project under all cost realisations. When the value of the project is low

enough, instead, the buyer is willing to run the risk not to award the project in order

to reduce the purchasing price. The threshold v, in turn, depends on some fundamental

parameters of the model: It is higher the larger the number of firms in the market

and the larger their individual probability of having a low fixed cost. Both parameters

indeed concur in making it less likely that all firms will be high cost and thus reduce

the probability that the project will not be completed. Also, v increases with θH and

decreases with θL. Indeed, the larger the cost differential the larger the saving the buyer

makes when it sets a low reserve price.
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4 The dynamic game with trigger strategies

We now turn our attention to the dynamic game given by an infinite repetition of the

constituent game analysed in the previous section. We focus on a relational procurement

contract (RPC) that describes, for any history of the game, the reserve price the buyer

sets, the bids the firms make, and the quality the contractor chooses. This RPC is

self-enforcing if it describes a perfect public equilibrium of the repeated game.

We carry out our analysis with players adopting the following grim-trigger strategies:

Buyer : The buyer sets rB in period 1 and keeps it at the same level in

all subsequent periods if, in all previous periods in which the project was

awarded (if any), the contractor delivered quality equal to qC . Otherwise,

the buyer sets rP .

Firm i (i = 1, . . . , N): In each repetition of the game, if the buyer sets a

reserve price rC in the current and all previous periods (if any), firm i bids as

in a standard (possibly) asymmetric Bertrand game, where its cost is equal

to C(θi, q
C) = θi + ψ(qC) and the cost of firm j is equal to C(θj , q

C) =

θj + ψ(qC) (j = 1, . . . , N , j �= i), and, if awarded the project, offers quality

qC . Otherwise, firm i bids as in a standard (possibly) asymmetric Bertrand

game, where its cost is equal to C(θi, 0) = θi + ψ(0) and the cost of firm j

is equal to C(θj , 0) = θj + ψ(0) (j = 1, . . . , N , j �= i), and, if awarded the

project, delivers quality equal to 0.

Let these strategies be denoted as σB for the buyer and σi for firm i, with i =

1, . . . , N . They are a sequence of maps σt
B for the buyer and σt

i for firm i and map-at

each stage of each repetition of the game-the publicly observable history into players’

actions.

Before turning to the equilibrium analysis, it is useful to introduce the following

definitions:
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Definition 1. For any quality level q, let

ρlow(q) ≡ [θL + ψ(q), θH + ψ(q)) ; (2)

ρhigh(q) ≡ [θH + ψ(q),+∞) ; (3)

ρ0low ≡ [θL, θH) ; (4)

ρ0high ≡ [θH ,+∞) . (5)

This definition introduces four intervals for the reserve price, which will be relevant

for the rest of the analysis; the first pair (i.e., ρlow(q) and ρhigh(q)) is relevant in the case

of a contractor providing quality, whereas the second pair (i.e., ρ0low and ρ0high) matters

in the case of a contractor not providing quality. Notice that, since ρlow(q) and ρhigh(q)

are also dependent on the cost of quality, they are clearly a function of the quality level

q. When the reserve price lies in the interval ρlow(q), only efficient firms are able to

cover their cost when providing quality; on the other hand, when the reserve price lies in

ρhigh(q), all firms, irrespective of their efficiency level, are able to cover their cost when

providing quality. A similar argument applies to ρ0low and ρ0high, but in the case of firms

not providing quality.

4.1 The case of an uncommitted buyer

In this section, we characterise a self-enforcing RPC whereby the players’ strategies form

a perfect public equilibrium of the repeated game. We characterise the equilibrium of

the game by checking the conditions for the absence of profitable one-shot deviations

(POSDs henceforth) for each player (Mailath and Samuelson, 2006).

Our players have several possible deviations from their candidate equilibrium strate-

gies. A contractor may deviate at the execution stage once awarded the contract, when

no previous deviation has occurred, by providing a quality different from the cooperative

one. A firm may also deviate at the bidding stage, by making a bid that does not antic-

ipate the full cost of quality; this raises the chances of winning the contract, but implies
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that no quality is provided at the execution stage.14 Finally, a firm may also deviate

by not punishing a previous deviation by the buyer (i.e., off the equilibrium path); in

this case, it may provide a quality different from the one prescribed by its strategy in

case of a reserve price that differs from the cooperative one. In a similar vein, the buyer

has several possible deviations from her candidate equilibrium strategy. First, the buyer

may prefer to set a reserve price that differs from the cooperative one in the absence of

a previous deviation by a firm. Also, off the equilibrium path, after a deviation by a

firm, she may set a reserve price that differs from the punishment one.

Our equilibrium analysis is illustrated in the following Proposition.

Proposition 2. Let

δ ≡ ψ(qC)

ψ(qC) + β(1− β)N−1 [min{rC − ψ(qC), θH} − rP ]
; (6)

s1 ≡ ψ(qC)

qC
+

(1− β)N

qC
(v − v); (7)

s2 ≡ ψ(qC)

qC
+

Nβ(1− β)N−1

1− (1− β)N
rC − ψ(qC)− θL

qC
. (8)

When v ∈ [θH , v], s ∈ [s,+∞) and δ ≥ δ, for any socially valuable quality level qC ,

the strategy profile σB and σi (with i = 1, . . . , N) defines a self-enforcing RPC under

which, in each repetition of the game, the buyer sets a reserve price rC ; firm i bids as in

a standard (possibly) asymmetric Bertrand game, where its cost is equal to C(θi, q
C) =

θi+ψ(qC) and the cost of firm j is equal to C(θj , q
C) = θj+ψ(qC) (j = 1, . . . , N , j �= i);

and the project is awarded to (one of) the most efficient firm(s), which delivers quality

qC . A self-enforcing RPC entails reserve prices that satisfy rP = θL and:

i) rC ∈ ρhigh(q
C), in which case s = s1; or

ii) rC ∈ ρlow(q
C), in which case s = s2.

The Proposition illustrates the conditions for the players’ strategies to define an RPC

14It is also possible that a firm deviates at the bidding stage and, if awarded the contract, delivers the
cooperative quality, thus avoiding triggering future punishment. This strategy is, however, dominated
by bidding its cost and then delivering the cooperative quality. Although the continuation payoff is
identical, the former strategy entails negative profits in the current period.
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under which the buyer is able to select the most efficient firm (or a randomly selected firm

from the most efficient ones) and the contractor is induced to deliver the required quality

level qC .15 Depending on the value of the equilibrium rC , two types of equilibria may

emerge. The first type occurs when rC is high (i.e., rC ∈ ρhigh(q
C)). A high reserve price

allows even an inefficient firm to submit a bid that covers the cost of quality. Hence, the

project is always delivered. The second type occurs when rC is low (i.e., rC ∈ ρlow(q
C)).

A low reserve price makes an inefficient firm unable to recover its cost when delivering

quality. In the event of all firms being inefficient, all firms bid above the reserve price

and the buyer is unable to have the project delivered. In both types of equilibria, the

self-enforcing RPC is sustained by the threat of reverting to the equilibrium of the static

game, with a reserve price equal to θL.

We discuss below the conditions for the existence of an equilibrium in terms of the

incentives of the different players and their relationship with some market parameters.

Buyer’s incentives. The existence of a self-enforcing RPC requires conditions on the

buyer’s preference parameters, v and s. The combinations of values of v and s that

ensure the existence of a self-enforcing RPC are illustrated in Figure 1 (for given values

of the other parameters).

The buyer’s IC reads

1

1− δ
EUC ≥ EUD +

δ

1− δ
EUP , (9)

where EUC denotes the buyer’s expected utility when she sticks to her cooperative

strategy σB, EUD denotes the buyer’s expected utility when she deviates from her

cooperative strategy σB and EUP denotes the buyer’s continuation expected utility

from reverting to the static equilibrium strategy. All utilities are in expected terms

since the buyer chooses her action before the realisation of the firms’ cost parameters.

We check the conditions for the IC to hold under the hypothesis that the buyer

selects the optimal deviation; if the IC holds when the buyer optimally deviates, it holds

15These conditions are necessary and sufficient, given the players’ strategies.
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Figure 1: Combinations of v and s for which an equilibrium exists (when β = 1
2 , N = 2,

ψ(q) = q2, q = 1, θH = 9
10 and θL = 1

2)). In the case of an uncommitted buyer, an
equilibrium entails rP and rC such that rP = θL always and rC ∈ ρlow for combinations of
the parameters in the red-striped area and rC ∈ ρhigh for combinations of the parameters
in the blue-striped area. In the case of a committed buyer, an equilibrium entails any
rP and rC such that rP ∈ ρ0low and rP + ψ(q) ≤ rC for combinations of the parameters
in the grey area.

a fortiori for any other deviation. When v ≤ v, from Proposition 1 the optimal static

reserve price is equal to θL, which then provides the value of both the optimal one-shot

deviation and the level of the reserve price after players revert to the static equilibrium

(punishment phase). Therefore, EUD = EUP .

The buyer’s IC in (9) then reduces to

EUC ≥ EUP . (10)

This condition makes it clear that the discount factor does not play a role in the buyer’s

choices; because of the sequential nature of the stage game, the buyer is punished imme-

diately in case of a deviation and does not, therefore, face a trade-off between the short-

and long-term effects of her choice.

Consider the case of a high rC , which requires that s ≥ s1 for an equilibrium to exist.
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Figure 2: Equilibrium combinations of δ and rC (when β = 1
2 , N = 2, ψ(q) = q2, q = 1,

θH = 9
10 and θL = 1

2); grey shaded area depicts the case of an uncommitted buyer setting
rP = θL, and the red-striped area the case of a committed buyer setting rP = 7

10 .

This latter conditions derives from the buyer’s IC constraint. Indeed, when v = v, EUC

net of the benefits and cost of quality is identical to EUP . Hence, for the IC to hold it is

sufficient that the benefits of quality is weakly larger than its cost; that is, sqC ≥ ψ(qC),

which is exactly what (10) reduces to when v = v. On the other hand, the lower v with

respect to v the more the benefit from quality must exceed its cost. This is because

a lower value of v reduces the expected utility of cooperation more than the expected

utility from a deviation. The reason is that, while under cooperation the project is

always delivered, this does not occur in the punishment phase, when the project is not

delivered in the event of all firms drawing high cost. A higher marginal evaluation of

quality is then needed to make the buyer prefer cooperation.

Firms’ incentives. The existence of a self-enforcing RPC requires that the discount

factor lie above the critical level in (6). This condition is obtained from each firm’s IC,

which writes
1

1− δ
EπC

i ≥ πD
i +

δ

1− δ
EπP

i , (11)

where πC
i denotes the firm’s expected profits when it sticks to its cooperative strategy σi,
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πD
i denotes the firm’s profits when it deviates from its cooperative strategy σi and EπP

i

denotes the firm’s expected profits when the buyer sets a punishment (Nash reversal)

reserve price. This constraint can be rewritten as follows:

δ ≥ πD
i − πC

i

(πD
i − πC

i ) + (EπC
i − EπP

i )
(12)

provided that the denominator is positive.

The difference in the numerator of (12) measures the gain from a deviation and can

be shown to the bounded above by ψ(qC). If (12) holds with this value at the numerator,

it clearly holds for any smaller gain from a deviation.

The expressions for expected profits EπC
i and EπP

i in (12) may take different values

depending on the values of rC and rP . It can be shown that the critical discount factor

is always above 1 when the punishment reserve price rP is equal or above θH . In other

words, a RPC with rP ≥ θH is not self-enforcing since the punishment of a deviating firm

is not harsh enough. As to the effect of rC , when it is high (i.e., when rC ∈ ρhigh(q
C)),

the reserve price is never binding along the equilibrium path and a firm’s reward from a

RPC (i.e., the difference EπC
i −EπP

i ) does not depend on the level of the reserve price.

Thus the critical discount factor depends on market parameters only. When, instead,

the cooperative reserve price is low (i.e., when rC ∈ ρlow(q
C)), it may be binding along

the equilibrium path. Therefore, firms’ cooperative profits do depend on the level of the

reserve price, which in turn affects the level of the critical discount factor. The lower

the cooperative reserve price, the smaller is a firm’s expected profit from cooperation,

and thus the more patient a firm has to be to stick to its strategy σi. These features of

the threshold level of the discount factor are illustrated in Figure 2, where the critical

value of δ is plotted against rC .

The critical value of δ in (12) increases with the cost of quality ψ(q). This is simply

because ψ(q) is also the largest gain a firm can obtain when deviating; the larger the

gain from a deviation, the more patience is required from a firm not to deviate. Also, an

increase in the number of firms pushes δ up; since, ceteris paribus, a higher N makes it
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less likely that a firm will be selected as a contractor in the future, it reduces the firm’s

expected payoff in the continuation game. This makes the condition on the discount

rate more stringent.

Although not explicitly modelled in the paper, varying the length of the procurement

contract affects the frequency of interactions among market participants, which, in turn,

alters the value of the discount factor. More precisely, the shorter the duration of the

procurement contract, the higher the frequency of interaction, and thus the higher the

value of the critical discount factor; this makes it easier for a RPC to be self-enforcing. A

higher frequency might be the result of either the same project being split into a stream of

smaller and shorter contracts or the procurement contract being split in multiple similar

lots, or both.16 This might also lead to higher participation (say, of small and medium-

sized firms) in the procurement process through less stringent economic requirements.

Given the multiplicity of equilibria illustrated in Proposition 2, a utility-maximising

buyer would be left wondering which, if any, reserve price of those that are part of a

self-enforcing RPC would deliver the highest utility for a given quality level. This is

answered by the following Proposition.

Proposition 3. Let

r̂C ≡ ψ(q)

(
1 +

1− δ

δ

1

β(1− β)N−1

)
+ rP , (13)

and

s3 ≡ ψ(q)

q
− 1

q

(
v − v̄ − 1− δ

δ

Nψ(q)

(1− β)N

)
. (14)

Then, for any socially valuable quality level qC , among the self-enforcing RPCs charac-

terised in Proposition 2, the one that yields the buyer the highest utility entails rP = θL

and

i) when s ∈ [s2, s3), r
C = r̂C ;

ii) when s ∈ [max{s1, s3},∞), rC ∈ ρhigh(q
C).

16Both solutions might take the form of an umbrella agreement, also known as a framework agreement.
For an extensive non-technical analysis of framework agreements, see Albano and Nicholas (2016). Gur
et al. (2017) carry out a game theoretical analysis of a specific family of framework agreements.
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This Proposition illustrates that when the buyer cares sufficiently about quality (i.e.,

s > s3), she prefers a high (and never binding) cooperative reserve price: all firms

always bid to be awarded the project regardless of their efficiency levels, submitted bids

being constrained by competition only. Thus the actual level of the reserve price does

not affect the buyer’s utility (provided that the former is high enough). When caring

less about quality (i.e., s < s3), the buyer prefers to apply a low reserve price during

the cooperative phase, which is just high enough to make only efficient firms willing to

cooperate. When all firms draw a high (fixed) cost they refrain from bidding, thus the

buyer is unable to procure the project. These results are illustrated in panel A of Figure

3.

Thus, the preference between a RPC with a high (never binding) reserve price and

a low (but high just enough to make a firm willing to cooperate) reserve price derives

from a basic trade-off. On the one hand, a high reserve price ensures that the project

is always delivered, where the contractor’s rent is limited by competition only. On the

other, while limiting participation to low-cost firms only a low reserve price does lower

the cost of the project if the latter is awarded, but may result in the project not being

awarded at all.

Would the buyer benefit from fostering participation in the procurement procedure,

that is, would the buyer benefit from a higher N? In general, one would conjecture that

higher participation leads to fiercer competition, which should always make the buyer

better off. However, we illustrate below that this intuition is incomplete and an increase

in N generates more convoluted effects.

When the reserve price is high it does not play any role along the equilibrium path, so

any sufficiently large cooperative reserve price may be part of an RPC in which trading

parties cooperate. Hence, the buyer’s expected utility increases with N , as a larger N

reduces the probability that she pays a high price for the project; that is, the probability

that at most one firm draws a low cost. The effect of an increase in N is subtler when

the reserve price is low. We observed that the low reserve price that gives the buyer

the highest utility is just enough to make a contractor’s IC constraint binding. Notice,
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Panel A Panel B

Figure 3: Contracts that give the buyer the higest utility for combinations of parameters
v and s (when β = 1

2 , N = 2, ψ(q) = q2, q = 1, θH = 9
10 and θL = 1

2). In the case of
an uncommitted buyer (Panel A), the most preferred contract entails rP and rC such
that rP = θL always and rC = r̂C for combinations of the parameters in the red area
and rC ∈ ρhigh for combinations of the parameters in the blue area. In the case of
a committed buyer (Panel B), a most preferred contract entails rP and rC such that
rP ∈ ρ0low always and rC = r̂C for combinations of the parameters in the red area and
rP + ψ(q) ≤ rC for combinations of the parameters in the blue area.

however, that a contractor’s expected payoff along the equilibrium path is decreasing

in the number of competitors. This is because a higher N reduces the probability of

being awarded the contract in the future. To compensate for this, the buyer needs to

set a higher reserve price, thus lowering her expected utility. This effect always outplays

the standard positive effects from a more competitive environment when β is sufficiently

high. The reason is that the probability of being selected as a contractor and making

positive profits tends to zero as β tends to 1, thus lowering the expected payoff from

cooperation. To counteract this effect, a sufficiently high reserve price is needed, which

reduces the buyer’s expected utility.

Finally, we ask ourselves whether and under what conditions an RPC may induce

the optimal quality level -that is, the buyer’s most preferred quality level; in case of a

public benevolent buyer, this is also the socially optimal level. This is simply defined as
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the one that maximises the buyer’s utility v+ sq−ψ(q)− p, subject to a non-negativity

constraint on the contractor’s profits. Denoting this optimal quality level by q∗, this

is implicitly defined by the standard optimality condition for quality, dψ(q∗)
dq∗ = s. An

immediate corollary of Proposition 2 is that it may not be possible to enforce the optimal

quality level when the buyer’s marginal valuation of quality is too low. This is because

an RPC, as illustrated in the previous section, does exist only for sufficiently high levels

of the marginal valuation quality. Hence, when q∗ is too low, only sub optimally high

levels of quality are typically enforceable.

4.2 The value of commitment

What if the buyer could commit to a given course of action? More specifically, what are

the features of our equilibrium RPCs (if any) when the buyer can commit to stick to her

cooperative strategy σB?

This question matters from both a theoretical and a practical perspective. When the

procuring entity carrying out the procurement procedure is also the final beneficiary/user

of the project, the assumption of lack of commitment seems quite appropriate since the

procurer-user is, at least in principle, in a position to fully exploit the strategic value

of the reserve price, and thus respond at any point in time to firms’ strategies. When

awarding a contract on behalf of another (possibly public) organisation instead, the

procuring entity is less likely to strategically manipulate the reserve price, since some

of the rules of the procurement procedure might be directly determined by the final

user(s).17 The price the procuring entity is willing to accept might then be closely

linked to (if it does not coincide with) the budget made available by the final user(s),

which, in turn, may be related to the observed quality of the project. This circumstance

provides a concrete case of the interchangeable role the buyer’s budget and the reserve

price might play. In particular, the reserve price might inherit the budget’s commitment

feature, which stems from national public finance rules, or by the financial resources

17This is the case, for instance, of centralised procurement agencies that award public contracts on
behalf of other public bodies, or procuring organisations specifically created to award big infrastructure
projects.
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being transferred by international donors. In both cases, the financial resources to

be invested in the project not necessarily respond to a contractor’s behaviour when

delivering the project itself. In terms of the buyer’s strategy, when awarding a project on

behalf of another public organisation, the buyer-funding entity relationship may prevent

the former from deviating from her cooperative strategy, which prescribes she sets a high

reserve price in response to the required quality level, and a low reserve price otherwise.

In this section, we analyse our dynamic model under the hypothesis that our buyer

is then able to commit to her strategy σB. In other words, for any given choice of rC

and rP , we assume that she will set the reserve prices exactly as instructed by σB, even

if a different choice is preferable. The assumption of a committed buyer implies that

we need to characterise a self-enforcing RPC whereby the firm’ strategies only form a

perfect public equilibrium of the repeated game, taking the buyer’s strategy as given.

Our equilibrium analysis is illustrated in the following Proposition.

Proposition 4. Assume the buyer is committed to her strategy σB. Provided that δ ≥ δ,

s ∈
[
ψ(q)
q ,+∞

)
and v ∈ [θH ,+∞), given the buyer’s strategy σB, for any socially

valuable quality level qC the strategy profile σi (with i = 1, . . . , N) defines a self-enforcing

RPC under which the buyer sets a reserve price rC ; firm i bids as in a standard (possibly)

asymmetric Bertrand game, where its cost is equal to C(θi, q
C) = θi + ψ(qC) and the

cost of firm j is equal to C(θj , q
C) = θj + ψ(qC) (j = 1, . . . , N , j �= i); and the project

is awarded to (one of) the most efficient firm(s), which delivers quality qC . The self-

enforcing RPC entails reserve prices that satisfy rP ∈ ρ0low, and rC ∈ [
rP + ψ(qC),+∞)

.

The Proposition illustrates the nature of self-enforcing RPCs in the case of a com-

mitted buyer; this is also illustrated in Figure 1. The equilibrium RPCs in the case of a

committed buyer share many features with the ones under the assumption of an uncom-

mitted buyer; hence, it is worth emphasising the differences between the two cases only.

Consider first the punishment reserve price. Unlike the uncommitted case, any reserve

price below the cost of an inefficient firm (not providing quality) is a sufficient threat to

induce the provision of quality. While an uncommitted buyer would have reneged on any
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punishment reserve price above the minimal level (i.e., θL), the commitment hypothesis

makes it credible for her to threaten to use a punishment reserve price that leaves a

positive rent to the contractor. The (possible) rent given to an efficient contractor in

case of a deviation, however, changes the nature of the cooperative reserve price rC .

Only a cooperative reserve price that is sufficiently high-relatively to the punishment

one-ensures that the firms’ benefits from cooperation are large enough for the firms to

cooperate.

In terms of the critical discount factor, the combinations of δ and rC consistent

with the existence of a self-enforcing RPC coincide with those in the uncommitted case,

provided that rP is set to its minimal value (i.e. θL). Higher values of rP , instead, reduce

the harshness of the punishment and thus make the condition on δ more stringent; this is

illustrated in Figure 2, where the diagonally striped region illustrates the combinations

of δ and rC under which a self-enforcing RPC exists, when rP is higher than θL.

Another noteworthy difference relative to the case of an uncommitted buyer is that

a much wider set of combinations of the buyer’s utility parameters are consistent with

the existence of a self-enforcing RPC. Indeed, an equilibrium exists even for values of v

above v. The reason is simply that in order to ensure that a high-value project is always

delivered, the buyer is not able to renege on the punishment in case of deviation by

a contractor. Furthermore, an equilibrium exists even when the marginal valuation of

quality is low (i.e., below s1 and s2), as the buyer cannot deviate from the cooperative

strategy, unlike the uncommitted case.

Mirroring the analysis in the case of an uncommitted buyer, we now characterise

the contract that gives the highest utility to a committed buyer among the many self-

enforcing ones characterised in Proposition 4. This is done in the following Proposition.

Proposition 5. Assume the buyer is committed to her strategy sB. Then, for any

socially valuable quality level qC , among the self-enforcing RPCs characterised in Propo-

sition 4, the one that gives the buyer the highest utility entails rP = θL, and

i) when s ∈
[
ψ(q)
q , s3

]
, rC = r̂C , where r̂C is as in (13);

ii) when s ∈ [s3,+∞), rC ∈ ρhigh(q
C).
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These results are illustrated in panel B of Figure 3. Although these RPCs look similar

to the ones described in the case of an uncommitted buyer, one important difference

stands out. With a committed buyer, the self-enforcing RPC that gives the buyer the

highest utility is also available for combinations of the buyer’s utility parameters for

which such a RPC would not exist for an uncommitted buyer. In other words, enforcing

these RPCs is now also possible when the intrinsic value of the project is high and

the marginal valuation of quality is sufficiently low. Unlike the case of an uncommitted

buyer, the immediate corollary of Proposition 5 is that commitment makes it possible

for the buyer to always enforce the optimal level of quality, even when this is low.

5 Discussion and concluding remarks

This paper maintains that a public buyer is able to strategically use the reserve price

in a repeated low-price auction to elicit the desired level of unverifiable quality for a

procurement project. The class of equilibria both in the committed and uncommitted

case share similar features: along the cooperative path, the reserve price has to be set

high enough to guarantee the necessary rent to the contractor so as to induce quality

provision; cooperation is enforced by the threat of reverting to a low level of the reserve

price, which, however, involves the risk of no trade altogether.

In the remainder of this section, we will compare the features of this quality enforcing

mechanism with others analysed in the literature or commonly used in the practice of

procurement.

First, as already discussed in the paper, our analysis is phrased in terms of a buyer

using a reserve price in a standard low-price procurement auction. Our analysis would

apply unaltered to the case of a buyer which first chooses the maximum budget she is

willing to allocate to the procurement contract and then allocates the project competi-

tively. This remark has a relevant policy implication in that our results would apply to

all regulatory environments where setting a reserve price is neither compulsory nor cus-

tomary in procurement design. The size of the budget is, instead, an essential dimension
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of almost any procurement projects as the maximum amount of financial resources are

typically planned in advance before the competitive procedure is launched.18

A second type of comparisons derives from the observation that, as in most of the

extant literature, competing firms are assumed to be heterogeneous with respect to

their efficiency level in undertaking the baseline project, but share the same production

technology in delivering quality. Hence, the problem of selecting the most efficient

supplier could in principle be separated from the one of quality enforcement.19 Indeed

the buyer might always rely on a price-only auction (with or without a reserve price) to

award the contract and concoct a different incentive scheme to implement the desired

level of quality. In what follows, we discuss two possible solutions for this incentive

scheme and comment on their applicability in our setting.

Bargaining. At the execution stage, the buyer might negotiate with the contractor over

the delivery of a desired level of quality. Kessler and Lülfesmann (2004) provide a hint

about the nature of such a bargaining environment with unverifiable quality. In an

alternating-offer bargaining model, a seller and a buyer are able to agree on the price

of a high-quality commodity by introducing a “full refund clause”, whereby the buyer

is entitled to return the commodity at her wish and to be fully refunded. Although

appealing, this solution does not entirely fit a procurement environment as it does not

apply to the case of services where unverifiable quality bites the most.

Bonus scheme. The buyer might offer a bonus scheme to the contractor after the con-

tract has been awarded, but before the project is undertaken: A bonus would be granted

only if the contractor delivers the buyer’s desired level of quality. Cooperation would be

in principle enforceable by using the threat of reverting to the one-shot equilibrium pre-

diction in which the contractor refrains from providing positive levels of quality and the

buyer does not award a positive bonus. The bonus scheme, though, does raise one ma-

jor concern in public procurement as, along the cooperative path, the contractor would

18For example, the Italian Public Procurement Code (art. 21 and 27 of the last version) imposes
the decision of the reserve price together with the preparation of business plan. This is the first and
necessary step of the procurement procedure in which the buyer must clearly and ex-ante estimate the
necessary resources to invest in the to-be-procured service or good and set the reserve price accordingly.

19As discussed in footnote , a similar two-stage procedure is analysed in Herweg and Schwarz (2018).
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be awarded a monetary payment based on the buyer’s full discretion. This discretion

creates two types of integrity risk. First and foremost, the award of the bonus is entirely

discretional. Secondly, in the case of an organisation both awarding the contract and

evaluating the contractor’s performance, but without using its own financial resources,

the awarding organisation might then be tempted to artificially inflate the value of the

bonus20 so as to cash in a share of it. The reserve-price based enforcing mechanism,

instead, does not suffer from this potential weakness as it caps the value of admissible

bids, which, in turn, contain both the reward for the baseline project and the one for

the quality provision.

Another type of comparison is possible against other mechanisms based on past

performance. We have already extensively commented on the non discriminatory re-

quirement which is fulfilled by a reserve price mechanism, as opposed to the discrimina-

tory nature of other mechanisms (as in, for instance, Calzolari and Spagnolo, 2017, and

Albano et al., 2017). Leaving aside regulatory considerations, one may wonder which

mechanism would be preferred by a public buyer. It is worth emphasising that the family

of RPC’s in the current paper and in the (discriminatory) handicap-based mechanism

in Albano et al. (2017) yield the buyer the same expected utility along the equilibrium

path.

A broader assessment of the two instruments would then require enriching the buyer’s

objective function. An exploratory approach would take into account the increasing

relevance of the so called Socially Responsible Public Procurement (SRPP), which widens

the objectives of public procurement, including the effects towards the environment,

the welfare of stakeholders (who are not necessarily parties to the public contract) or

the inclusion of small and medium enterprises (SMEs). Another relevant element of

SRPP is firms participation in public procurement markets.21 Enriching the buyer’s

20This circumstance would appear plausible when the financial resources are transfers from (possibly
international) donors or funds allocated from a central authority, such as the Ministry of Finance, to a
procurement executive body.

21In OECD (2015), primary procurement objectives “refers to delivering goods and services necessary
to accomplish government mission in a timely, economical and efficient manner”; secondary procurement
objectives “refers to any of a variety of objectives such as sustainable green growth, the development of
small and medium-sized enterprises, innovation, standards for responsible business conduct or broader
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objective function with the dimension of participation would shed a new light to the

role of the reserve price: when adopting a ‘high’ reserve price, the buyer does not affect

the participation of firms and thus the two, handicap-based and reserve price-based,

contracts are equivalent. When adopting a ‘low’ reserve price, the buyer does affect

participation in that high-cost firms would not be able to submit a tender. Worse, if

all firms turned out to be inefficient the procurement contract would be not awarded.

Therefore, the choice of the preferred mechanism seems to be based on the relevance of

the different objectives/requirements of no discrimination and firms participation; the

complete analysis of this trade-off would require a full-fledged theoretical model.
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Appendix

We provide here the proofs of all Lemmata and Propositions in the paper.

Proof of Proposition 1. In stage 3, since quality is costly and does not affect the contractor’s

revenues, the latter will optimally choose to deliver quality equal to 0. In stage 2, all N firms

anticipate that whoever is selected as a contractor will deliver quality equal to 0. Then the

bidding game coincides with a standard (possibly) asymmetric Bertrand game where firm i’s

cost, i = 1, . . . N, is equal to C(θi, q) = θi + ψ(0) = θi. In stage 1, the buyer’s utility depends on

the level of the reserve price r. Before turning to analyse the buyer’s expected utility, it is useful

to remind that i) βN is the probability that all firms draw θL; ii) (1 − β)N is the probability

that all firms draw θH ; iii) Nβ(1 − β)N−1 is the probability that only one firm draws θL; iv)

1−Nβ(1− β)N−1 − (1− β)N is the probability that at least two firms draw θL.

A utility maximising buyer would never choose r < θL as trade would never occur and the

buyer would get a zero payoff. If r = θL, trade would occur at a price θL in all events but

when all firms draw a cost equal to θH . That is, depending on the realisation of the firm’s cost

parameters, the buyer’s payoff is then

U(rS = θL) =

{
v − θL with probability 1− (1− β)N ;

0 with probability (1− β)N .
(A-1)

Thus the buyer’s expected utility writes

EU(rS = θL) = (v − θL)(1− (1− β)N ). (A-2)

When θL < r < θH , the buyer’s expected payoff is always lower than the one when r = θL, as in

the former case the buyer would leave a positive surplus equal to (r − θL) to the winning firm

when there is only one competitor drawing a cost θL (which happens with probability iii)). When
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r ≥ θH the reserve price does not affect the outcome of the competitive tendering. Depending

on the realisation of the firm’s cost parameters, the buyer’s payoff is then

U(rS ≥ θH) =

⎧⎨
⎩

v − θH with probability Nβ(1− β)N−1;

v − θH with probability (1− β)N ;

v − θL with probability 1− (1− β)N −Nβ(1− β)N−1.

(A-3)

Thus, the buyer’s expected utility writes

EU(rS = θH) = v − θH(Nβ(1− β)N−1 + (1− β)N )+ (A-4)

− θL(1− (1− β)N −Nβ(1− β)N−1).

Finally, EU(rS = θL) ≥ EU(rS = θH) if v ≥ v as in (1).

�

Proof of Proposition 2. We need to check whether, on the equilibrium path, firm i (i =

1, . . . , N) or the buyer have a POSD from the strategies described in the Proposition. The

equilibrium strategy profile is sustained by a threat of reverting to the static equilibrium described

in Proposition 1.

a) conditions for no POSDs for firm i: when no previous deviation has occurred, no POSD exists

for firm i if

πC
i +

δ

1− δ
EπC

i ≥ πD
i +

δ

1− δ
EπP

i (A-5)

where πC
i denotes the firm’s profits when it stick to its cooperative strategy σi, π

D
i denotes the

firm’s profits when it (optimally) deviates from its cooperative strategy σi and πP
i denotes the

firm’s profits when the buyer sets a punishment reserve price, i.e. the equilibrium profits in the

equilibrium of the static constituent game; E denotes the expectation operator, before the cost

parameters are realised. This constraint can be re-expressed as

δ ≥ πD
i − πC

i

(πD
i − πC

i ) + (EπC
i − EπP

i )
(A-6)

(provided that the denominator is positive).

The RHS of (A-6) is increasing in the difference πD
i − πC

i . Hence, the inequality in (A-6)

is verified to always hold when it holds for the largest value of the difference πD
i − πC

i . The

difference πD
i − πC

i is the largest possible gain from a one-shot deviation. In what follows, we

show that the largest value of this difference πD
i − πC

i is equal to ψ(qC).

First, to compute such a value notice first that along the equilibrium path each firm i bids

planning to deliver quality qC , thus the anticipated production cost is equal to C(θi, q
C) =

θi + ψ(qC). Next, consider the three following cases:

i) Ci(θi, q
C) ≤ min{r, C−i}, where C−i ≡ minj �=i{C(θj , q

C)} is the lowest cost among all firms

but firm i. In this case, firm i would be (one of) the most efficient firm(s) when all of them

anticipate to deliver qC . Then firm i would submit a bid equal to r if min{r, C−i} = r, and a

bid slightly below C−i if min{r, C−i} = C−i. Firm i would win the auction for sure, but would
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deliver zero quality. That is, firm i optimally deviates at the execution stage, thus saving the

cost of quality and reaping an additional profit at most equal to ψ(qC).

ii) Ci(θi, 0) ≤ min{r, C−i} < Ci(θi, q
C). Firm i would lose the auction if it were to bid according

to a standard Bertrand game. However, it would be able to win the auction if it were to

anticipate to deliver zero quality, that is, as if firm i’s cost were C(θi, 0) = θi + ψ(0) = θi. Firm

i’s optimal deviation consists in bidding b′i slightly below C−i if min{r, C−i} = C−i, and b′′i = r if

min{r, C−i} = r. Firm i would then win the auction and deliver zero quality. Firm i’s additional

profit would be arbitrarily close to C−i − Ci(θi, 0) < ψ(qC) if min{r, C−i} = C−i, and equal to

r − Ci(θi, 0) < ψ(qC) if min{r, C−i} = r.

iii) min{r, C−i} < Ci(θi, 0) < Ci(θi, q̃). In this case, any deviation at the bidding stage would

not alter the outcome of the stage game, thus firm i makes zero additional profit.

In (A-6), the expressions for expected profits EπC
i and EπP

i may take different values de-

pending on the values of rC and rP . These values are described in the subcases below. Each

of these cases is analysed making use of standard results on Bertrand games (trivial and then

omitted) and, following the previous argument, using πD
i − πC

i = ψ(q):

a.i) rC ∈ ρhigh and rP ∈ ρ0high: we have that EπC
i = EπP

i = β(1 − β)N−1Δθ. Hence, (A-6)

becomes δ ≥ 1, which, clearly, can be satisfied only in the limit case of δ = 1.

a.ii) rC ∈ ρhigh and rP ∈ ρ0low: we have that EπC
i = β(1 − β)N−1Δθ and EπP

i = β(1 −
β)N−1(rP − θL). These imply that (A-6) becomes

δ ≥ ψ(q)

ψ(q) + β(1− β)N−1(θH − rP )
≡ δa. (A-7)

a.iii) rC ∈ ρlow and rP ∈ ρ0low: we have that EπC
i = β(1 − β)N−1(rC − θL − ψ(q)) and

EπP
i = β(1− β)N−1(rP − θL). These imply that (A-6) becomes

δ ≥ ψ(q)

ψ(q) + β(1− β)N−1(rC − ψ(q)− rP )
≡ δb. (A-8)

Notice that for δb to be smaller than 1, it must be that rC ≥ ψ(q) + rP .

a.iv) rC ∈ ρlow and rP ∈ ρ0high: we have that EπC
i = β(1 − β)N−1(rC − θL − ψ(q)) and

EπP
i = β(1− β)N−1Δθ. These imply that (A-6) becomes

δ ≥ ψ(q)

ψ(q) + β(1− β)N−1(rC − ψ(q)− θH)
≡ δc. (A-9)

Since δc > 1, this is, clearly, never satisfied.

Notice that δa and δb in (A-7) and (A-8) differ only for the term in the denominator which

multiplies β(1 − β)N−1. Also, δa is derived under the assumption that rC ≥ θH + ψ(q), which

implies rC − ψ(q) ≥ θH ; on the other hand, δb is derived under the assumption that rC <
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θH + ψ(q), which implies rC − ψ(q) < θH . Hence, we can write

δ ≡ max{δa, δb}

=
ψ(q)

ψ(q) + β(1− β)N−1[min{rC − ψ(q), θH} − rP ]
. (A-10)

The analysis in a) restricts the candidate equilibria only to those strategy profiles in which

rP = θL, for any level of q and provided that v ≤ v and δ ≥ δ. In the rest of the proof, we

restrict our attention to these candidate equilibria.

b) conditions for no POSDs for the buyer : when no previous deviation has occurred, no POSD

exists for the buyer if
1

1− δ
EUC ≥ EUD +

δ

1− δ
EUP , (A-11)

where UC denotes the buyer’s utility when she sticks to her cooperative strategy σB , U
D denotes

the buyer’s utility when she (optimally) deviates from her cooperative strategy σB and UP

denotes the buyer’s utility when she sets a punishment reserve price, as in the equilibrium of

the static constituent game; E denotes the expectation operator, before the cost parameters are

realised. Notice that, since the buyer chooses her action before the realisation of the firms’ cost

parameters, all utilities are expected.

From Proposition 1, when v ≤ v, the optimal deviation is setting a reserve price equal to θL,

as in the equilibrium of the static constituent game. Therefore, EUD = EUP . This allows to

rewrite (A-11) simply as

EUC ≥ EUP , (A-12)

where EUC may take different values depending on the value of rC , as described in the subcases

below. In the analysis of all these subcases below, we derive the values of EUC and EUP making

use of standard results on Bertrand auctions, whose derivation is trivial and it is omitted; since

rP = θL always, EUP is constant and such that

EUP = (1− (1− β)N )(v − θL) : (A-13)

b.i) rC ∈ ρhigh: depending on the realisations of the firms’ cost parameters, the single period

buyer’s utility is as follows:

U(rC) =

⎧⎨
⎩

v + sq − ψ(q)− θH with probability Nβ(1− β)N−1;

v + sq − ψ(q)− θH with probability (1− β)N ;

v + sq − ψ(q)− θL with probability 1− (1− β)N −Nβ(1− β)N−1.

(A-14)

The (per period) buyer’s expected utility is then

EUC = v + sq − ψ(q)− θH(Nβ(1− β)N−1 + (1− β)N )+ (A-15)

− θL(1− (1− β)N −Nβ(1− β)N−1).

Simple algebra shows that EUC ≥ EUP when s ≥ s1.

b.ii) rC ∈ ρlow: depending on the realisations of the firms’ cost parameters, the single period
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buyer’s utility is as follows:

U(rC) =

⎧⎨
⎩

v + sq − rC with probability Nβ(1− β)N−1;

0 with probability (1− β)N ;

v + sq − ψ(q)− θL with probability 1− (1− β)N −Nβ(1− β)N−1.

(A-16)

The (per period) buyer’s expected utility is then

EUC = (v+sq−rC)Nβ(1−β)N−1+(v+sq−ψ(q)−θL)(1−(1−β)N −Nβ(1−β)N−1). (A-17)

Simple algebra shows that EUC ≥ EUP when s ≥ s2. �

Proof of Proposition 3. In equilibrium, when rC ∈ ρlow, EU(rC) is as given in (A-17), where
∂EU(rC)

∂rC
= −Nβ(1 − β)N−1 < 0. Then, rC is set to its lowest level compatible with the firms’

incentive to play their cooperative strategies. This is found by solving δ = δ, from (6) w.r.t. rC ,

which gives rC = r̂C , as in (13). Notice that ψ(q) + rP ≤ rC always holds, as it is requested to

ensure that δ ≤ 1. In equilibrium, when rC ∈ ρhigh, EU(rC) is as given in (A-15), and does not

depend on rC . To complete the proof, we compare EU(r̂C), with r̂C evaluated at rP = θL, and

EU(rC ∈ ρhigh). �

Proof of Proposition 4. The result follows directly from point a) in the proof of Proposition

2. �

Proof of Proposition 5. Trivial and, therefore, omitted. �
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