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Abstract
This paper investigates how subcontracting affects collusion in public procurement. 
In a model in which a public buyer runs simultaneous or sequential competitive pro-
cedures we show that the stability of collusive agreements depends on the level of 
subcontracting share and it is not necessarily increasing in this share. In a repeated 
procurement in which contractors and subcontractors are involved in collusive 
agreements enforced by slit award and bid rotation strategies we find that simultane-
ous procedures induce less collusion than  sequential procedures, with split award 
strategies allowing the less stable collusive scheme. We also find that allowing a 
further increase in the subcontracting share strengthens collusion when the share is 
low but it mitigates collusion when the share is high. Thus, the competitive format 
and the allowed subcontracting share must be carefully managed by the public buyer 
in order to prevent collusion.

Keywords  Repeated procurement · Collusion · Subcontracting

JEL classification  H57 · L41 · C73

1  Introduction

Subcontracting in procurement is a practice that occurs when an economic operator 
(contractor), awarded a public contract, hires another company (subcontractor) to 
perform the execution of part(s) of the work or service composing the main con-
tract. On January 2019, the European Commission (EC) sent a formal notice for 
an infringement proceeding for 14 EU-countries about the “non-conformity checks 
of the public procurement and concessions directive 2014/23/EU, 2014/24/EU, 
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2014/25/EU”. The target of the EC includes the Italian Public Contracts Code (Leg-
islative Decree no. 50/2016) that since 2017 has been implementing the European 
Directives 2014/23/EU, 2014/24/EU, 2014/25/EU. EC criticizes the exogenous and 
compulsory ceiling of 30% imposed by the Italian Code to the subcontracting share 
(Art 105). EC highlights that European Directives do not entail any compulsory 
limit to subcontracting and are instead against any ex ante exogenous and hypotheti-
cal constraint unrelated to any previous market analysis.

In line with the concern raised by the EC our paper studies the phenomenon of 
subcontracting in public procurement and, in particular, how the level of the sub-
contracting share may affect the market integrity when collusive behaviors arise. We 
show that setting a ceiling to the subcontracting share has less straightforward impli-
cations an ex ante exogenous constraint may lead to predict, especially when the risk 
of collusion in public procurement is high.

We model both simultaneous and sequential competitive procedures and show 
that the stability of a collusive agreement is not an increasing function of the sub-
contracting share. In particular we find that (i) both high and low levels of sub-
contracting shares make collusive agreements less stable, and (ii) the incentive to 
collude is non-monotonic in the subcontracting share. In particular, allowing an 
increase in the share may make agreements more stable when the share is low and 
less stable when the share is high. Thus, our paper tackles the commonly accepted 
idea that a too high subcontracting share necessarily induces more collusive behav-
iors in public procurement. We also confirm that simultaneous procedures induce 
less stable collusive agreements than sequential ones.

We set up an infinitely repeated game with three firms competing for two lots 
in sequential  and simultaneous first price auctions. For both formats we study two 
possible collusive strategies, bid rotation, entailing that only one firm is awarded 
both lots in each period, and split award, such that each firm is awarded only one lot 
in each period. Both collusive strategies induce the potential subcontractor to stays 
out the competitive procedure waiting for the subcontract of a share of each lot. In 
particular, the bid rotation strategy entails that the contractor gets two lots in each 
period by bidding the reserve price on both lots while the other contractor bids more 
than the reserve price. Under split award strategy, instead, each contractor only gets 
one lot in each period by bidding the reserve price only on that lot and bidding more 
on the other. The subcontractor in turn stays out and, once the competitive procedure 
is over, it is subcontracted a share of each lot. The colluding contractors face the 
trade-off between being awarded the lot(s), during the collusive path, and stealing 
the whole lots but being punished by an aggressive bidding thereafter. The subcon-
tractor instead faces the trade-off between gaining the subcontracting shares, during 
the collusive path, and outbidding the reserve price in each lot but being punished 
by an aggressive bidding (and loosing any subcontract) thereafter.

We find that a simultaneous format induces less stable collusive agreements than 
a sequential format. In particular,  simultaneous formats with split award induce 
the less stable agreement while the sequential format with bid rotation induces the 
most stable collusion. For both formats and collusive strategies, we find that increas-
ing the subcontracting share increases the incentive to collude when the value of 
the share is low but it decreases this incentive when the value of the share is high. 
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An increase in the subcontracting share, when its initial value is low, makes collu-
sion stronger by reducing the incentive of the subcontractor to destroy the agree-
ment. When instead the subcontracting share is already high, the contractors have 
the highest incentive to destroy the agreement by stealing the lots and avoiding to 
subcontract. In this scenario, a further increase in the subcontracting share strength-
ens this incentive to destroy the agreement.

To the best of our knowledge the relationship between the choice of the sub-
contracting share and the stability of a collusive agreement has not been deeply 
investigated, especially with regard to simultaneous and sequential competitive 
procedures. Most of the existing literature focuses either on subcontracting with-
out a special focus on collusion in procurement contest or on the effect of sequen-
tial vs simultaneous auctions without a specific focus on subcontracting. We aim to 
fill this gap with the target of providing useful insights for the public procurement 
guidelines with respect to the allowed subcontracting share. Our result suggests that, 
when the risk of collusion in public procurement is high, setting the right format 
of a competitive procedure is more crucial than constraining the subcontract share 
on a specific ceiling, as for instance predicted by the Italian Public Contract Code. 
Public procurement authorities must be aware that the most collusive agreements are 
enforced under sequential formats by a bid rotation strategy, therefore simultane-
ous procedures are more suitable to mitigate collusion. Also, when fine tuning the 
subcontracting share then either high or low values of the share are preferable for 
any formats. An increase in the share must be allowed only when the initial share is 
already high while its reduction is preferable when the level is sufficiently low.

This paper contributes to the wide literature on collusion in procurement, with 
a particular focus on subcontracting, that has been showed having a twofold role, it 
may enforce the efficiency of the awarding procedures but it may also reduce com-
petition. Our paper focuses on the second aspect. It is shown in literature that sub-
contracting may induce less competitive behaviors by indirectly affecting the main 
characteristics of the procurement process (such as participation). Recently Bran-
zoli and Decarolis (2015) find that a first price auction induces a marked decline in 
both entry and subcontracting, with firms entering the auction being more likely to 
bid jointly in specific legal agreements (i.e. joint ventures). Conley and Decarolis 
(2018) empirically confirm the collusive behavior in the Italian public works find-
ing how collusion works through the procurement format (average bid auction) and 
subcontracting.

Our theoretical analysis belongs to the literature studying how the competitive 
procedure format affects the risk of collusion. Within this line we confirm that 
sequential formats may facilitate collusion among bidders more than simultane-
ous ones (Admati and Perry 1991; Neher 1999; Baker 2002; Compte et  al. 2002; 
Smirnov and Wait 2004; Albano and Spagnolo 2005, 2010; Albano et  al. 2008).1 

1  An analysis on simultaneous vs sequential formats without focus on subcontracting and not in a spe-
cific procurement setting is provided by Dulatre and Sherstyuk (2008). The efficiency of subcontract-
ing in a sequential format, without focus on collusion, is analyzed by Kamien et al. (1989), Gale et al. 
(2000), Dudey (1992) and Spiegel (1993). Subcontracting in procurement without collusion has been 
studied in Wambach (2009).
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In particular, Albano and Spagnolo (2010) provide a theoretical analysis of collu-
sion in procurement with a special focus on the role a specific format (simultaneous/
sequential) and lots asymmetry. The find that sequential procurement enforces col-
lusion more than simultaneous procurement by allowing punishing deviations and 
fine-tune the incentive to deviate by means of the lots distribution. Our paper stud-
ies a similar procurement format where we introduce the possibility of fine-tuning 
the incentive to collude by allowing subcontracting. They show that the buyer may 
affect collusion by exploiting the asymmetry in the value of lots; we study instead 
how the buyer may affect collusion by fine-tuning the subcontracting share (that in 
turn affects the collusive value of lots).

As widely discussed by the main literature, on one hand subcontracting may 
improve efficiency by decreasing the procurement costs, stimulating participation 
and technological capacity (De Silva et al. 2012, 2017; Spiegel 1993; Atamtürk and 
Hochbaum 2001; Jeziorski and Krasnokutskaya 2016; Rondi and Valbonesi 2017; 
Moretti and Valbonesi 2015; Gil 2009; Gil and Marion 2013; Gale et al. 2000; Mar-
ion 2015; Decarolis 2018; Bouckaert and Van Moer 2017).

Further works study the relationship between contractual complexity/incom-
pleteness and subcontracting, with a specific focus also on the bidding behaviors. 
This literature finds that contractual complexity (incompleteness) may be associ-
ated to more frequent subcontracting that, in turn, may induce less aggressive bid-
ding (Monteverde and Teece 1982; Masten 1984; Masten et al. 1991; Marechal and 
Morand 2003; Gil 2007; Acemoglu et al. 2010; Forbes and Lederman 2009; Levin 
and Tadelis 2010; Lafontaine and Slade 2007; Gil and Marion 2013; Miller 2014; 
Marion 2015).

Section 2 introduces the model, Sect. 3 draws the main conclusions.

2 � The model

A public buyer wants to procure two procurement contracts (defined as lot A and 
B) for an infinite number of periods, each denoted by t, with t = 0,… ,∞ , through 
lowest-price sealed-bid auctions with a reserve price, either sequentially or simulta-
neously. Three long-lived firms, denoted by subscripts i = 1, 2 and 3 can deliver the 
project.2 All firms share the same discount factor, � , but different production costs, 
c1 = c2 = c ≤ c3 = k , for undertaking each of the two equivalent procurement con-
tracts. Each firm perfectly knows its own and the rival’s cost.3

The buyer commits to the same publicly announced reserve price, r, for each con-
tract, with r > k . Let us to define the highest profits by v = r − c for firm i = 1, 2 and 
v3 = r − k . The structures of the two competing formats are the following: 

2  Our model is similar to Albano and Spagnolo (2010), however their framework does not include sub-
contracting.
3  The assumption of complete information among participants has been commonly used in procurement 
because it is realistic for many procurement situations (Albano and Spagnolo 2010). The same assump-
tion in the scenario of repeated procurement is used in Spagnolo and Calzolari (2009) and Albano 
et al. (2017, 2018).
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Sequential format	� : At time t, the buyer sequentially launches the auction for 
each lot; participants bid first for the first lot and, once the 
auction for the first lot is over, they bid for the second. At the 
end of each auction, the buyer awards the lot to the lowest 
bid. At the end of each auction and subcontracting, if any, 
profits are realized.

Simultaneous format	� : At time t, the buyer simultaneously launches the auction for 
both lots; participants simultaneously bid for both lots and 
each lot is awarded to the lowest bid. At the end of each auc-
tion and subcontracting, if any, profits are realized.

Each format is divided in two stages, the bidding stage where firms make the 
bid and an execution stage, occurring once the bidding is over. In the former, firms 
decide whether to participate and set their bids while in the latter firms deliver the 
contract and decide about the subcontracting. Each competitive format allows the 
possibility to subcontract a part of the lot. We assume that firm 1 and 2 are the con-
tractors while firm 3 is the subcontractor (the role they strategically play within the 
two formats will be discussed when introducing the strategies of the game). Sub-
contracting implies that a subcontractor receives a share, � ∈ (0, 1) , of the contract 
from the firm awarded the lot and then it gains a profit of �v3 . When subcontracting 
a share � , the potential loss of profit for the winning contractor is �v , that is what it 
would have gained if it had delivered the entire lot. The subcontractor delivers the 
share � of the contract at its cost k.

In public procurement the use of subcontracting is usually permitted (and some-
times also suggested) by the law to allow firms, specialized only in some contrac-
tual aspects, to participate to the tendering without being responsible for the entire 
contract that may be out of their financial (or technical) possibility. Subcontracting 
allows the buyer to exploit the expertise of such a firm, allowing to take part to the 
auction, without bidding for the entire contract. In our specific model, we aim to 
show that fine-tuning the subcontracting share allowed by the main procurement 
guidelines, may allow the buyer to affect the rick of collusion.

The trigger-collusive strategies we introduce are the following. In the sequential 
format firms apply a bid rotation strategy, denoted by �R , whereas for the simulta-
neous format they apply a split-award collusive strategy, �S . We denote by �3 the 
strategy profile of the subcontractor (firm 3). We characterize the possible trigger 
strategies in the following definitions:4,5

4  Other trigger strategies in such a repeated game are clearly possible, for instance strategies totally 
avoiding subcontracting (i.e. a standard bid rotation collusive agreements). However, we decide to keep 
the subcontracting scenario to challenge the common idea behind some legal scenarios (for instance in 
Italy) such that a higher subcontracting share is usually a risk for collusion.
5  For the study of bids coordination in split-award auctions under asymmetric information see Anton 
and Yao (1992). Anton and Yao (1989) study a collusive bidding when split choice is endogenous. Anton 
et al. (2010) study the efficiency of split-awarding mechanism under asymmetric information.
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�S ∶ at time t, firm i = 1, 2 bids bi = r in lot A, bi > r in lot B and subcontracts a 
share � to firm 3 if, up to time t − 1 , firm j ≠ i has bid bj > r in lot A and firm 3 has 
not bid; otherwise it reverts to the bidding behavior of the static equilibrium for ever.

�R ∶ at time t, firm i = 1, 2 bids bi = r in both lots and subcontracts a share of 2� 
to firm 3 and, at any time t + 1 it bids bi > r , if at time t − 1 firm j ≠ i has bid bj > r 
in both lots and firm 3 has not bid; otherwise it reverts to the bidding behavior of the 
static equilibrium for ever.

�3 ∶ at time t, firm 3 does not bid in any lot if up to time t − 1 it has been subcon-
tracted a share of 2� ; otherwise it reverts to the bidding behavior of the static equi-
librium for ever.

When suppliers decide to collude they support the ring by the threat of reverting 
to competitive behavior forever in case a deviation is observed. It is straightforward 
to show that such a punishment leads to a standard asymmetric Bertrand equilibrium 
with zero profits for all the firms. The per-period collusive profits are the following:

Sequential format: Under bid rotation, the winning candidate, i, gains 2v(1 − �) 
while firm 3 gains 2�v3 ; under split award the winning candidate gains v(1 − �) 
while firm 3 gains 2�v3.

Simultaneous format: The payoffs are the same of the sequential case for both bid 
rotation and split award strategies .

Firms may have several deviations from the equilibrium path. Firm i = 1, 2 may 
stick to the collusive behavior at the bidding stage and then deviate at the execution 
stage where, once the auction is over, a deviation would entail not subcontracting 
the lot. The profits from the deviations at the bidding stage are summarized in what 
follows. 

Sequential format:	� Under  bid rotation: (a) firm 3 does not bid and (one out 
of) firm i = 1, 2 deviates, in this case the contractor not 
expected to win any lot has the highest incentive to deviate. 
Its optimal deviation ensures a profit of v because it entails 
a bid marginally below r on one lot and no subcontracting, 
such a deviation is then punished in the second lot, (b) firm 
3 bids when firm i = 1, 2 colludes, in this case its optimal 
deviation entails no bid at the first lot, allowing a profit of 
�v3 , and outbids the rival at the second lot and gaining v3 , 
note that such a deviation excludes the subcontract; Under 
split award: (a) firm 3 does not bid and (one out of) firm 
i = 1, 2 deviates, in this case the optimal deviations is such 
that the firm awarded the first lot (the one with the highest 
incentive to deviate) keeps colluding at the first lot, gaining 
v(1 − �) , but it bids marginally below r on the second lot 
without subcontracting, gaining v, (b) firm 3 bids when firm 
i = 1, 2 colludes, the optimal deviation of firm 3 is the same 
in the above point (b).

Simultaneous format:	� Under  bid rotation: (a) firm 3 does not bid and (one out 
of) firm i = 1, 2 deviates, in this case the optimal deviation 
entails a bid marginally below r on both lots, allowing a 
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gain of 2v, (b) firm 3 bids when firm i = 1, 2 colludes, such 
a deviation allows a gain 2v3 under both bid rotation and 
split award, firm i′ s profit is zero. Under  split award: (a) 
firm 3 does not bid and (one out of) firm i = 1, 2 deviates, 
again the optimal deviation entails outbidding the rival on 
both lots and gaining 2v, (b) firm 3 bids when firm i = 1, 2 
colludes, in this case the optimal deviation of firm 3 is the 
same of the sequential format.

Consider now the deviations from the execution stage:

Sequential format:	� Under bid rotation, the most profitable deviation is for the 
firm expected to be awarded both lots, and it is such that 
the refusal of subcontracting occurs only at the second lot, 
in this case the deviation profit is v(1 − �) + v . Clearly, any 
possible deviation for the firm not expected to be awarded 
any lot any is included in the deviation at the bidding stage.

Sequential format:	� Under split award, the most profitable deviation allows a 
profit of v. All other deviations must work through an initial 
deviation at the bidding stage, therefore are included in the 
previous discussed.

Simultaneous format:	� Under bid rotation, the most profitable deviation is for the 
firm expected to be awarded both lots and it allows a devia-
tion profit of 2v in the period of deviation. Any deviation 
for the firm not expected to be awarded any lot must work 
through an initial deviation on the bidding stage, then it is 
included in the one discussed for the bidding stage.

Simultaneous format:	� Under split award, a possible deviation is the one in its own 
lot and it induces a deviation profit of v. Other deviations 
work through the bidding stage and are included in the pre-
vious discussion.

Once we have the all profits for any possible scenario, we can characterize the 
incentive to collude. As standard for the collusive model, subgame perfect equi-
libria characterizing collusive agreements arise for sufficiently high value of the 
discount factor. We define the lowest discount factors such that each firm sticks to 
the collusive agreement (also defined as critical discount factors) for each auction 
format and strategy by �SimBR, �SimSA, �SeqBR and �SeqSA where the first part of the 
subscript denotes the auction format and the second the collusive strategy. The 
following Proposition gives the main result of the paper:

Proposition 1  Let �SimBR,�SimSA, �SeqBR and �SeqSA  be:
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The strategy profiles �R, �S and �3 characterize the following SNE: (i) under a 
sequential format when � ≥ �SeqBR and � ≥ �SeqSA and (ii) under a simultaneous for-
mat when � ≥ �SimBR and � ≥ �SimSA.

The Proposition defines the critical discount factor for each format and strategy. 
Formally speaking each definition describes the discount factor as the envelop of 
the two values within the bracket (the first term is the discount factor for firms 
1 and 2 while the second indicates the discount factor for firm 3). By compar-
ing these functions the Proposition shows that a simultaneous format induces less 
collusion than a sequential format. In particular, the shape of the discount factors 
shows that the less stable agreement occurs for simultaneous formats with split 
award. The highest critical discount factor over the all scenarios is in fact �SimSA , 
given by the upper envelop of the green ( 1+�

2
 ) and red line ( 1 − � ). In the Figure 

are drawn the relationships between the minimum discount factor above which 
collusion is sustainable and the share of the lots delegated to the subcontractor in 
the four possible cases.

We observe that in both formats, the incentive to collude (given by the highest 
among the discount factors defined in the Proposition) show a non-monotonic trend 
in the subcontracting share. Increasing the subcontracting share increases the incen-
tive to collude when the values of the share are low (see the downward sloping part 
of the discount factor) but it makes the agreement less stable for high value of the 
share (the upward sloping part of the discount factor). The simultaneous format with 
bid rotation shows a more stable collusion because �SimBR , given by the red line, that 
is the upper envelop of 

√

� and ( 1 − � ), is just below �SimSA . However, as for the split 
award, the trend of �SimBR shows that allowing a higher subcontracting share induces 
more collusion only for low values of the share whereas it reduces collusion for high 
values.

With simultaneous formats, when the values of the shares are low, the subcon-
tractor’s incentive to enter the lots and destroy the agreement is the main driver of 
the agreement instability,6 and this incentive is the same under both strategies. In 

�SimBR ≡max

�

√

�, 1 − �

�

�SimSA ≡max

�

1

2
(1 + �), 1 − �

�

�SeqBR ≡max

�
√

�(2 − �)

2 − �
,
1 − �

1 + �

�

�SeqSA ≡max

�

1

2 − �
,
1 − �

1 + �

�

6  Formally speaking, the lowest discount factor such that the subcontractor does not deviate from the 
collusive strategy is the highest among the others.
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this range of values, an increase in the share makes collusion stronger because it 
reduces this incentive to destroy the agreement. In this sense, this increase in the 
contracting share reduces the short run incentive to deviate for firm 3. For high val-
ues of the share, instead, the main driver of the agreement stability is the contrac-
tors’ incentive to destroy the agreement by stealing the lots and avoiding to sub-
contract.7 In this range of values, a further increase in the initial share makes this 
incentive stronger by increasing the deviation profit for the contractor that finds it 
more profitable to outbid the other contractor and keep the entire deviation profit by 
avoiding subcontracting.

Under sequential formats the use of bid rotation strategies characterizes the most 
stable collusive agreement. Note in fact that �SeqBR , given by the lower envelop for 
the black ( 

√

�(2−�)

2−�
 ) and blue ( 1−�

1+�
 ) part, is the lowest one (it is composed by the entire 

blackline). As for the  simultaneous format, split award strategies induce less collu-
sion than bid rotation, in fact �SeqBR is below �SeqSA , that is the lower envelop of func-
tions 1

2−�
 and 1−�

1+�
 (the decreasing black and increasing blue line). The incentive of 

the subcontractor to enter the auctions and steal the lots are again the same in both 
strategies but, for the contractors, the split award strategy implies less collusive 
profits and higher deviation profits. However, the main arguments for the simultane-
ous format still hold. For low values of the share the main driver of the agreement 
stability is again the incentive (that is the discount factor) of the subcontractor, for 
high values instead the incentive of the contractors dominates.8 Even in the case of  
sequential formats there exist the non-monotonicity with respect to the subcontract-
ing share: an increase in share induces less collusion for high values and eases collu-
sion for low values.

We show then that subcontracting is a way to deter a potential “outsider” firm 
to compete on the auction market. As a result, the higher the share granted to the 
subcontractor, the lower its incentive to deviate. When the starting share is low, this 
effect is the main driver of the incentive to collude. In addition, the higher the share 
granted, the lower the share of the profit for the contractor, that is the firm that wins 
the auction. For sufficiently high values of the share this effect on the contractor is 
the main driver of the collusive scheme. In other terms, subcontracting works as a 
way to enforce side payments between firms to sustain collusion; side payments that 
would be illegal otherwise.

In the appendix we also solve the model for a more efficient subcontractor (the 
case c3 = k < c ) and the qualitative results do not change. We obtain that, for both 
formats, when the subcontracting share is low, the equilibrium discount factor of 
firm 3 shifts up, therefore the agreement becomes less stable (the set of the dis-
count factors enforcing collusion gets smaller). The intuition is clear, weaker the 

7  At these higher values of the subcontracting share, the lowest discount factor such that each contractor 
does not deviate from the collusive strategy is the highest among the others.
8  Again, as above, formally speaking this means the critical discount factor for the contractor is the high-
est one.
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punishment for the deviating firm 3, higher the incentive for this firm to deviate 
from the agreement.9

3 � Conclusions

This paper studies how subcontracting may affect collusion in public procurement. 
In an infinitely repeated procurement scenario in which contractors and subcontrac-
tors are both involved in a collusive agreements, we find that simultaneous com-
petitive procedures induce less collusion than sequential procedures under both slit 
award and bid rotation collusive scheme. In particular, a  simultaneous format in 
which contractors and subcontractors collude on split award strategies induce the 
less stable collusive agreement. The most stable agreement, instead, arises under a 
sequential format in which the firms choose bid rotation collusive schemes. The sub-
contracting share also plays a crucial role to fine tune the risk of collusion. Allowing 
a further increase in the subcontracting share strengthens collusion when the share 
is low but it mitigates collusion when the share is already high. Public procurement 
authorities should be concerned that allowing a specific subcontracting share may 
have opposite effects on the willingness to collude. Increasing the share, when the 
initial level is low, may strengthen collusion whereas it may reduce the incentive to 

9  In our model each lot represents a specific contract and the number of lots is even and equal to the 
number of firms taking part to the auction (1 and 2). Relaxing this assumption and changing the number 
of contracts in a simultaneous format, under both bid rotation and slip award strategies, does not affect 
the critical discount factor for 1 and 2 as far as they equally split the number of contracts during the col-
lusive path. In fact, such a collusive strategy would increase the collusive and the deviation profit by the 
same amount. The same argument holds for firm 3. Critical discount factors may change for the sequen-
tial format as far as the auctions for each lot are not equally allocated over the two periods (more con-
tracts auctioned in one period). Furthermore, with respect to firm 1 and 2, as far as they keep the same 
cost it would be even difficult to justify a collusive strategy allowing one firm on the stage with, let’s say, 
more contracts.
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collude when the share is already high. An appropriate competitive format is also 
crucial when there exists a risk of collusion, in fact, ceteris paribus we confirm that 
simultaneous procedures should be preferred to sequential ones.

Appendix

Proof of Proposition 1  We simply find the lowest discount factor such that collusion 
is stable in any format for any collusive strategy.

(1) Simultaneous format with bid rotation. Assume firm 1 gets the collusive profit 
at t = 0 , then when sticking to the collusive path of �R its discounted profit is:

whereas when deviating the discounted profits starting from the current period of 
deviation are:

Note that in this case the deviation at the bidding and the  execution stage give the 
same deviation profit, then:

Is is easy to see that we have the same discount factor for firm 2. The collusive and 
deviation profits for firm 3 are respectively:

and

then

(2) Simultaneous format with split award. The collusive profit for each firm, when 
sticking to the collusive path in �S , is:

(1)VC
1
=

∞
∑

t=0

2v(1 − �)�2t = 2v(1 − �)
1

1 − �2

VD
1
= 2v

VC
1
≥ VD

1
if � ≥ �1,R =

√

�

(2)
VC
3
=

∞
∑

t=0

2�v3�
t = 2�v3

1

1 − �

(3)
VD
3
= 2v3

VC
3
≥ VD

3
if �3,R ≥ 1 − �

VC
1
=

1

1 − �
v(1 − �)
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whereas when deviation at time t = 0 , the discounted profits are:

where VC ≥ VD if:

The discounted cooperative profits for firm 3 are the same in (2), its deviation profit 
is the same as in (3), then:

(3) Sequential format with bid rotation. The cooperative discounted profits are the 
same in (1), the best deviation is now that one at the execution stage by the firm 
awarded the contract. Thus, when deviating at the first lot, the deviation profits are:

Then:

For the firm 3 the cooperative profit is the same in (2). Its deviating profits are:

(4) Sequential format with split award. Cooperatives profits are:

the highest incentive from deviation is gained by the firm awarded the auction at the 
first stage (first lot), in fact, it is better off by winning the first lot, as the agreement 
entails, subcontracting without destroying the agreement and getting v(1 − �) , but 
then deviating at the second lot, where it obtains v.

VD
1
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2
(1 + �)
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≥ VD

3
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then:

For firm 3 we have the same results of the case 3. 	�  ◻

Extension to the case of an efficient subcontractor
Consider c > k . In this case firm 3 is more efficient, this changes its profit in the 

asymmetric Bertrand equilibrium of the punishment path, that now becomes c − k . 
The discount factors for firm i = 1, 2 do not change. Thus in what follows we can 
only consider firm 3. The proof follows the steps of the proof of the Proposition 1.

(1) Simultaneous format with bid rotation. For firm 3, the collusive profit does 
not change but the new deviation profits are respectively:

and:

Note that in order to let the participation constraint to hold we need the assumption 
𝛼 >

c−k

r−k
, ensuring that the collusive profit is higher than the profit of the Nash equi-

librium of the Bertrand equilibrium (during the punishment). Then:

with 𝛽 =
r−k

r−c
> 1.

(2) Simultaneous format with split award. The discounted cooperative profits for 
firm 3 are the same in (2), it deviation profits are the same in (5), then the discount 
factor is the same of (6).

(3) Sequential format with bid rotation. For the firm 3 the cooperative profit is the 
same in (2). Its deviating profits are:

Note that 𝛿3,c =
1−𝛼

1+𝛼−2
(c−k)

(r−k)

> 𝛿3,c =
1−𝛼

1+𝛼
.

(4) Sequential format with split award. For firm 3,  is the same as in the case3.
It possible to see that the new critical discount factor for firm 3 shifts up (since 

𝛽 > 1 ). 	�  ◻
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