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1. Introduction

When analyzing the effectiveness of different auction
formats, it is often natural to focus on how bidders
bid in the auction. In the context of the procurement
of contracts, however, the bidding stage is merely one
part of a more complex process that involves other
stages taking place both before and after the bid-
ding. In turn, since what happens in these nonbidding
stages affects the auction outcomes, the evaluation
of an auction mechanism in public procurement has
to be undertaken within the broader context of the
procurement process. The goal of this paper is to
study empirically the properties of first price auctions
(FPAs) and average bid auctions (ABAs) in terms of
the interplay between two of the most fundamental
choices firms make outside bidding: entry and sub-
contracting choices.

Entry and subcontracting are essential aspects of
public procurement because they impact both the pro-
curement cost for the government and the efficiency
of the contract allocation. Moreover, detailed regula-
tions about entry and subcontracting are often used
by procurement agencies to pursue different goals,
like fostering bidder competition and helping small
and medium enterprises (SMEs). Accordingly, var-
ious studies have acknowledged the role of entry
behavior in procurement auctions by either studying
how the interaction of entry and bidding can affect
the performance of an auction (Marmer et al. 2013)
or how entry responds to certain policies like those
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favoring SMEs (Krasnokutskaya and Seim 2011). Simi-
larly, various studies have analyzed why subcontract-
ing and, when allowed, contract resale often emerge
in procurement. Indeed, since contracts often bundle
together heterogeneous tasks, the winners will tend
to unbundle them to exploit the different firm spe-
cializations. Moreover, subcontracts serve to deal both
with changes in bidders’ relative costs driven by the
occurrence of cost shocks in the period between when
the contract is won and when the work is performed
(Haile 2001) and with the misallocation that various
auction formats typically produce when bidders are
asymmetric (Gupta and Lebrun 1999).

All these different motives for subcontracting sug-
gest that allowing for subcontracting should increase
the expected value of the contracts auctioned off.
Therefore, subcontracting should promote entry when
bidders are more likely to bid for more valuable con-
tracts. However, the interaction between entry and
subcontracting likely depends on the auction format
used. For instance, in the case of simple contracts
entailing a single task, we are less likely to observe
subcontracting when the auction mechanism induces
efficiency (i.e., in equilibrium it allocates the contract
to the lowest production cost firm). In turn, participa-
tion in the auction would then appeal exclusively to
those firms that have a chance of winning the contract
at a price such that they will be willing to execute
the job. The implication that entry and subcontracting
will respond to different auction formats is impor-
tant because this can change the overall assessment
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of the performance of an auction format. Despite the
literature devoting enormous attention to the evalua-
tion of FPAs, very few papers consider entry and sub-
contracting within the same framework. Moreover,
since auction formats in public procurement are rarely
modified, there is essentially no empirical evidence on
the causal effect induced by the introduction of FPAs.

In this paper, we observe a setting where two auc-
tion formats are used. The first one is the well-known
FPA. The second one is an average bid auction (ABA)
of the type often encountered in public procurement
regulations in which the winner is the bid closest to
(a function of) the average bid.! In the data set, the
ABA is the status quo, but we observe the introduc-
tion of FPAs for certain contracts. Prior theoretical
work suggests that this is an almost ideal experiment
because in equilibrium ABAs allocate contracts like
random lotteries and at high prices. Therefore, we
should expect FPAs to vastly improve the allocative
efficiency and to reduce winning prices. In turn, these
effects are likely to influence entry and subcontracting
choices. We begin our analysis by providing a sim-
ple theoretical framework to explain why both entry
and subcontracting will likely decline with a switch
to FPAs. This framework incorporates some relevant
features of the market, in particular the fact that the
FPAs that we observe in the data are characterized
by an ex post screening of the bids, which aims to
exclude low-ball bids deemed unreliable. Such screen-
ing systems are common in public procurement and,
as we discuss, have a relevant impact on the func-
tioning of the FPAs in our environment. Thus, our
analysis effectively compares FPAs with screening to
ABAs without screening.

We then empirically evaluate the effect of FPAs
on entry and subcontracting utilizing a quasirandom
switch to FPAs occurring in the procurement of pub-
lic contracts in Italy. In particular, the data consist
of procurement auctions for simple construction con-
tracts, mostly roadwork repairs, awarded between
2000 and 2006. As explained in detail in the text,
starting in 2003, FPAs were introduced for a share
of these auctions, and this allows us to implement
a difference-in-differences (DD) identification strat-
egy. Our estimates corroborate the theoretical pre-
dictions. Specifically, we estimate that the switch to
FPAs causes a reduction of the share of subcontracts
that is between one-half and two-thirds of the aver-
age level of subcontracting under ABAs. Furthermore,
since our data allow us to separately observe each
of the subcontracts awarded within an auction, we
analyze how FPAs affect the largest (within-auction)
subcontract awarded. We estimate a reduction that

! ABAs are commonly used in public procurement. Instances of
countries that use ABAs are Colombia, Italy, China, Chile, Japan,
Peru, and Taiwan.
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is between 50% and 90%, causing the largest sub-
contract to decline from 10% of the reserve price
under ABAs to a value between 1% and 5% under
FPAs. Thus, FPAs assign the contract to contractors
who tend to perform the job themselves and only
subcontract minor, specialized secondary tasks. With
regard to entry, we find that the number of bidders
substantially declines. In particular, we estimate that
the adoption of FPAs reduces the number of bid-
ders by 35-65 bidders, or at least 50% of the aver-
age number of bidders in ABAs. This sharp decline
in entry is consistent with the deterrence effect of bid
screening on unreliable bidders and with the differ-
ent degree of competition and efficiency of ABAs and
FPAs. Indeed, the competitive nature of FPAs relative
to ABAs (winning discounts almost double with the
switch to FPAs) and their more efficient allocation,
implied by the decline in subcontracting, reduce the
incentive to enter.

In this respect, an interesting additional finding is
that bidders respond to the introduction of the FPA
by forming “temporary joint ventures” (TJVs). Italian
regulations allow firms to enter either individually or
in partnerships with other firms. These joint ventures
are created for the sole purpose of bidding in a spe-
cific auction and do not give rise to the creation of
a new legal entity. They represent a sort of binding
agreement through which a group of firms commits to
a certain bid. If the TJV loses the auction, the partner-
ship dissolves. If it wins, then its members are jointly
responsible for the execution of the contract in pro-
portion to their shares in the TJV.2 In our analysis, we
find that the switch to FPAs more than doubles the
probability that the auction is won by a TJV. Since no
restrictions are placed on the type of firms that can
form TJVs, these preauction agreements are closely
connected with ex post subcontracting. Indeed, our
findings of declining subcontracting and increasing
TJVs indicate that FPAs induce firms to select the
set of partners with whom they will complete the
contract before the auction. Part of the reason might
be specific to the FPAs that we observe in the data,
which are characterized by a bid screening process.
Hence, forming a T]JV can increase the firms’ chances
of passing the bid screening process. More generally,
however, since FPAs entail substantially lower win-
ning prices than ABAs, TJVs can serve to limit holdup
problems: after having won the auction at a very
low price, a firm would be in a weak position in its
bargaining with essential subcontractors. In any case,

2 As explained in greater detail in the section on the regulations, at
least one firm has to be declared the leader of the TJV. This firm
is responsible for the execution of the entire contract, whereas the
other members of the T]V are responsible exclusively in proportion
to their share of the TJV.
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the effect of FPAs on TJVs is particularly interesting
because it implies that it is not only the number of
bidders, but also the type of bidders who enter, that
changes under FPAs.

There are three main policy implications that we
can draw from these findings. First, using the num-
ber of bidders as a measure of competition in pro-
curement auctions, as procurement agencies often do,
is generally wrong. Although this point has been
made in previous studies, we support our argument
with evidence from the changing nature of the bid-
ders that appears to be novel. Second, the degree
of bidder asymmetry is endogenously determined by
the broad set of rules governing entry, bidding, and
subcontracting. Thus, the policies helping SMEs that
are often undertaken by procurement agencies should
take into account how auction formats influence the
formation of partnerships before and after the auc-
tion. Third, our findings suggest that the frequent
use of ABAs by procurement agencies can be reinter-
preted as a way for procurement agencies to delegate
the choice of who will execute the contract to the mar-
ket. Although ABAs seem at odds with the conven-
tional wisdom on how auctions should be designed,
this interpretation can help to explain their endur-
ing presence in procurement. Indeed, in the context
of public procurement, where FPAs can pose a severe
trade-off between winning prices and ex post perfor-
mance whenever the procurement agency is unable to
properly select firms, ABAs augmented with subcon-
tracting can limit the ex post performance risk with-
out generating severe inefficiencies.

1.1. Literature.

This paper is related to three strands of the liter-
ature. The first one concerns the analysis of entry
and subcontracting (or resale) in auctions. Individ-
ually, both entry and subcontracting have received
substantial attention both theoretically and empiri-
cally® Nevertheless, only a few studies have analyzed
them jointly. Among them, Haile (2001) studies a
case where subcontracting introduces an endogenous
common value in the bidder valuations: whenever
entry signals higher competition in the subcontract-
ing stage, the option of subcontracting implies that
the value of winning the auction is positively asso-
ciated with entry.* Other related studies are those

® Among the theoretical studies on entry see McAfee and McMillan
(1987) and Levin and Smith (1994). Among the empirical studies
see Marmer et al. (2013) and Coviello and Mariniello (2014). Among
the theoretical studies on subcontracting see Gupta and Lebrun
(1999), Haile (2003), and Hafalir and Krishna (2008). Among the
empirical studies see Haile (2001), Marion (2009), Gil and Marion
(2013), Moretti and Valbonesi (2012), and Jesiorski and Krasnokut-
skaya (2013).

* Haile (2001) shows that this feature differentiates models of auc-
tions with subcontracting from standard private and common value
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of Gil and Marion (2013) and Moretti and Valbonesi
(2012) that, respectively, study how the stock of past
subcontractors and the regulations mandating the
use of subcontractors affect both entry and bidding
behavior. The work of Moretti and Valbonesi (2012)
is particularly close to our work because it uses data
from the same market. Our paper differs from the pre-
vious ones in this literature because its focus is on
how ABAs and FPAs induce different entry and sub-
contracting behavior by firms.

The second branch of the literature to which we
contribute is on the difference between pre- and post-
award subcontracting choices. This is an instance of
the more general problem of the boundary of the firm
on which an extensive literature initiated by Oliver
Williamson exists. Although along the ideal line rang-
ing from full integration to full separation, the TJV is
closer to the latter, a TJV is nonetheless a contractual
agreement by which firms precommit to collaborate.
A valuable insight from the organizational literature
is that, in addition to the obvious cost motives push-
ing firms to integrate, the strategic desire to deprive
rival bidders of a valuable contractor can be an impor-
tant motive driving preaward subcontracting choices
(Arya et al. 2008). Moreover, since forming a TJV can
increase expected payoffs through the increased prob-
ability of winning in FPAs, but has no such effect
in ABAs, the results of Legros and Newman (2013)
would suggest greater usage of TJVs in FPAs. Despite
a vast literature on firm integration, its penetration
into the auction literature is limited. Albano et al.
(2009) survey the literature on joint bidding in auc-
tions, relating it to that on collusion, mergers, and
joint ventures to clarify the motivations and the likely
effects of allowing joint bidding. Their main conclu-
sion is that very little is known about the effects of
joint bidding, despite its being a common practice
in procurement. Hence, our findings are important
because they indicate an effect of the auction format
on the timing with which firms form joint produc-
tion agreements.” Moreover, they imply that forming
a TJV makes bidders” asymmetry endogenous and,
hence, suggest a more nuanced look at the problem
of SMEs bidding under alternative auction formats.®

models without subcontracting. Without subcontracting, higher
entry implies a lower procurement cost for the auctioneer and no
change in values for bidders in a private value environment, but
higher procurement cost and lower values for bidders in a common
value environment.

5In this respect, it is also related to the work of Marechal and
Morand (2003) who study whether an auctioneer should require
bidders to select their subcontractors before or after auctions.

¢ The issue of SMEs has recently received attention (Marion 2007,
Krasnokutskaya and Seim 2011, Athey et al. 2013). However, only
Albano et al. (2009) mention the possibility of addressing this issue
via joint bidding regulations.
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Finally we also contribute to the literature on ABAs.
The frequent use of ABAs in real-world procurement,
along with their intuitively unappealing theoretical
properties, has induced this literature to focus on
which features of procurement can better rationalize
ABAs. Spagnolo et al. (2006) and Decarolis (2013),
among others, argue that ABAs induce all bidders to
offer the same (high) price in equilibrium. This can
help an auctioneer concerned about the correct execu-
tion of the contract to avoid awarding it to unreliable
firms offering excessively low prices in the auction.
Decarolis (2014) uses the same data set analyzed in
this paper to document that the switch from ABAs to
FPAs indeed lowers the winning price but also wors-
ens cost overruns and completion delays. Despite
this valuable effect of the ABA, the typically very
high awarding price, as well as the major inefficien-
cies it produces, suggest limits to the usefulness of
this format. A different interpretation, however, has
been offered by Chang et al. (2015), who find that
ABAs perform remarkably well relative to FPAs in
a laboratory experiment where bidders have purely
common costs. In this environment, the ABA seems
able to avoid the worse effects caused by the behav-
ioral biases of the experimental subjects that induce
them to overbid. Relative to these studies, our analy-
sis shows that, without the need to rely on the pres-
ence of behavioral biases, ABAs perform better than
what was previously thought because bidder subcon-
tracting choices limit efficiency losses; hence, ABAs
allow government agencies unable to effectively select
among bidders to delegate the choice of the final con-
tractor.

2. Public Procurement System and
Policy Changes

2.1. Main Regulations

Individual public administrations (PAs), mostly local
governments of municipalities and counties, award
contracts for public works under a body of national
regulations. For this study, the most salient elements
of these regulations are those concerning auction for-
mats, bidder entry, and subcontracting.

In the period that we analyze, the regulations entail
two different types of auction formats: FPAs and
ABAs. They are identical in everything except for the
way the winner is determined. For both ABAs and
FPAs, the process starts with a PA releasing a call for
tenders that illustrates the contract features, including
the maximum price the PA is willing to pay (i.e., the
reserve price) and the procedure used (FPA or ABA).
Each bidder submits a sealed bid, consisting of a dis-
count over the reserve price. If the FPA is used, then
the highest “responsible discount” wins. This means
that the highest discount wins, but only if it clears an
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ex post screening aimed at assessing the seriousness
of the offer. Essentially, bid screening is a formalized
process through which the PA’s engineers try to assess
whether firm costs are compatible with fulfilling the
contract at the conditions promised.

If the ABA is used, the contract is awarded to the
highest discount strictly below an “anomaly thresh-
old” that is calculated as a trim mean of the bids.”
There is no ex post bid screening under ABAs: the
intended objective of the regulator is to automatize
the selection of a reliable contractor by selecting the
firm offering a discount close to the average discount.®
Indeed, whereas in an FPA the highest discount will
typically win, in an ABA it will certainly lose. In both
ABAs and FPAs, the winner is paid its own price to
execute the contract.

As regards entry, firms qualify to bid if they are cer-
tified for the economic value and the typology (i.e.,
roads, buildings, etc.) of the contract being auctioned.
Certifications are based on various criteria in terms of
capital, portfolio of completed public contracts, and
lack of Mafia connections for managers and owners.
Once a firm obtains a qualification, it retains it for
the following five years, provided that at the end of
the third year it successfully completes a review pro-
cess. In addition to entering individually, a firm can
bid jointly with other firms in a “temporary joint ven-
ture” (TJV). These two options are mutually exclusive
and, moreover, for every auction a firm can join at
most one TJV. For a firm that holds the right qual-
ification, entering individually or as a TJV is a free
choice. However, by allowing firms to pool their cer-
tifications, TJVs allow entry by firms that would not
be individually qualified.” A TJV must designate a
leading firm, and the only restrictions that the regu-
lation places on a TJV are that (i) at the entry stage,
either its leader individually or its members jointly

7 This “anomaly threshold” is calculated as follows: First, discounts
are ordered from the lowest to the highest, and a trim mean (A1) is
calculated by excluding 10% of the highest and lowest bids. A new
threshold (A2) is then calculated as the average between all the
discounts greater than A1, but lower than the lowest discount in
the top 10% of bids. A2 is the “anomaly threshold.” In cases of
ABAs with fewer than 5 bids submitted, A2 is not calculated and
the winner is the highest responsible discount. This latter case
happens in less than 5% of the auctions in our sample.

8 The emphasis of the regulation on the risk posed by high dis-
counts is, in part, driven by the lack of an effective system of
financial guarantees. A major difference between the U.S. and the
Italian systems is that the former requires a 100% performance
bond on almost all contracts, whereas the latter requires letters of
credit, typically covering approximately 20% of the contract value.

° A July 2006 reform of the law introduced a third method of entry
known as “avvalimento,” that, under certain conditions, allows
entry by individual firms even if they do not have the right quali-
fications. Given that our analysis focuses on the period before this
reform, we ignore this option.
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have the appropriate certifications; and (ii) in case the
TJV wins, in the execution stage each TJV member
performs exclusively work for which it has the ade-
quate certification. The TJV is formed to bid in a sin-
gle auction where it is allowed to place just one bid.
If it loses, it dissolves. If it wins, its members must
complete the contract at the promised price. The ben-
efits of entering as a TJV are also associated with the
screening process described above for FPAs: it will be
more credible for a firm to commit to a certain low
price if all the subcontractors are already locked in by
a preaward agreement.

For subcontracting, contracts specify how the job is
divided into tasks and indicate which task is the main
one. For instance, repairing a road might entail paving
it (main task) as well as fixing the electric and water
pipes passing beneath it (secondary tasks). Each sec-
ondary task can be fully subcontracted out, but for the
main task there is a maximum of 30% of the task value
that can be subcontracted out. The main task and any
secondary tasks can be executed only by those firms
holding the right qualifications. Thus, although a firm
(or a TJV) is necessarily entitled to execute the main
task (otherwise it would not be allowed to bid), it
must subcontract out any secondary tasks for which
it is not qualified.’’ As regards the timing of subcon-
tracts, each bidder is required to specify in its bid
whether it will use subcontractors or not, but not the
identity of subcontractors. In practice, all bids always
indicate the use of subcontractors.

2.2. The Policy Change: The Switch from
ABAs to FPAs

In the period that we consider in this study, between
January 2000 and June 2006, national regulations
required the use of ABAs for all contracts with a
reserve price below (approximately) €5 million, while
European Union regulations required the use of FPAs
for contracts at or above this value.!’ The policy
change that we exploit for our analysis consists of
the switch to FPAs for all the contracts below €5 mil-
lion auctioned off by two PAs. This policy change
was implemented at the beginning of 2003 by the
municipality and the county of Turin after a case

“Moretti and Valbonesi (2012) study how mandatory subcon-
tracting affects entry and bidding. In our analysis, we control
for the difference between auctions with and without mandatory
subcontracts.

1n this period, two other procurement formats existed but were
considered an exception: they were negotiated procedures and scor-
ing rule auctions, in which multiple criteria determined the winner.
We will disregard these latter procurement methods, and hence our
results do not necessarily extend to contracts of small economic
value (below €300,000), for which negotiations are allowed, or to
contracts involving projects of high technical complexity, for which
scoring rule auctions are used.
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of collusion in ABAs became public. Since part of
the blame for the episode of collusion was attributed
to the functioning of the ABA, these PAs ruled to
replace ABAs with FPAs for all contracts. The cen-
tral government, however, challenged their reform in
court on the grounds that only state laws can deter-
mine the auction formats allowed. This response from
the central government prevented similar reforms in
other PAs. Thus, it was only after a national reform
in July 2006 allowed PAs to choose freely between
ABAs and FPAs that other PAs replaced ABAs with
FPAs. Although this switch to FPAs in Turin is clearly
not random, the difference in the timing with which
it happened in Turin, relative to the other similar
PAs that switched to FPAs after the 2006 reform, is
what generates the quasiexogenous variation that we
exploit. In §5 we discuss the identification strategy
in more detail, arguing that the quasirandom assign-
ment of the policy change is likely to hold within a
subset of PAs comparable to Turin."?

3. Theory Overview

The goal of this section is to provide a theoretical
guide for our empirical analysis. Theoretical models
of entry, bidding, and subcontracting are not common
in the literature, possibly because modeling firms’
behavior in these three phases requires making a large
number of assumptions about each phase individu-
ally and their linkages. Our approach is to present
below the key elements of a basic framework that
links these three phases and incorporates some of the
main institutional features of the market. The frame-
work combines existing results in the literature to
rationalize why a switch from ABAs to FPAs will
reduce both entry and subcontracting. We conclude
this section with a discussion of some alternative
modeling assumptions. The online appendix (avail-
able as supplemental material at http://dx.doi.org/
10.1287/mnsc.2014.2071) presents a formalized ver-
sion of our framework.

3.1. Baseline Framework

Consider the usual private value environment of
Levin and Smith (1994): firms first decide whether to
pay an entry fee or not, then they learn their cost (pri-
vately drawn from the same distribution), and, finally,

2Indeed, the presence of collusion in ABAs was systematic for the
type of auctions that we study and involved not only Turin but,
most likely, all five regions where the auctions in our data were
held. This is suggested by two facts. First, many of the firms con-
victed in the Turin case were based in other cities and won auc-
tions all over the country. Second, various other court cases nearly
identical to that in Turin occurred in other cities. For instance, in
2009, cases similar to that in Turin in terms of the type of collu-
sion episodes and number of firms involved went to court in two
northern cities, Treviso and Vicenza.
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bid.”® To extend the analysis to subcontracting, sup-
pose that after the auction all firms (both those enter-
ing and those not) privately know their cost and can
bid (without entry fees) in a second price-sealed bid
auction where the winner of the main auction offers
to resell the contract. If the reserve price in the resell
auction equals the winner’s cost, then it is easy to
show that this auction game is isomorphic to that
in Levin and Smith (1994) with the only difference
being that the entry fee is redefined as the sum of
the entry fee in the main auction and the expected
profit from winning the resell auction. Hence, like in
Levin and Smith (1994), under appropriate parame-
ter restrictions, the game allows for a unique mixed
strategy entry equilibrium in which all firms enter
with the same probability. Thus, relative to Levin and
Smith (1994), reselling reduces entry in the main auc-
tion: the option value of winning the resell auction
makes staying out more appealing.

The presence of subcontracting in equilibrium
derives from the possibility that the lowest-cost firm
does not win the main auction. The source of this
inefficiency is closely connected to the auction for-
mat used in the main auction. To begin, suppose
that the main auction is an FPA: under the appropri-
ate assumptions, the symmetric independent private
value formulation ensures that the winner is the firm
with the lowest cost among the entrants. Therefore, a
resell can only involve one of the firms that did not
bid in the main auction.

Suppose now that the main auction is an ABA. As
explained in greater detail in the online appendix,
previous theoretical work shows that in equilibrium
the ABA is equivalent to a lottery: all entering bid-
ders offer the same price. In particular, under the
features of the ABA rule described earlier, all firms
bid the maximum price (i.e., reserve price) set by the
auctioneer, and the winner is chosen by a random
draw among the bidders." Results about bidding in
ABAs are less well known than those concerning
FPAs and deserve a few clarifications. First, Conley

3 To avoid ambiguities driven by differences in the terminology in
the literature, we use the term entry to indicate firms that partici-
pate in the auction by submitting a bid. We indicate as main auction
the auction held by the PA and as resell auction the auction held by
the winner of the main auction. We consider an environment where
contracts consist of a single task and we use resell and subcontract
indifferently.

14 Specifically, Decarolis (2013) shows that, in an ABA specifying
that the winner is the bidder closest to the average, a continuum of
equilibria of this type exists. In an ABA like the one used in Italy,
which is described in §2, there is a unique equilibrium where all
bidders offer a discount equal to zero. Although the model used
is one of independent private values, absent behavioral biases (like
those associated with winner’s curse phenomena), these results
would hold unaltered in a model with purely common value.
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and Decarolis (2012) show that the equilibrium pre-
viously described is susceptible to collusion, but that
even with collusion the allocation resembles an unfair
lottery, and the awarding price is typically higher in
ABAs than in FPAs."® Second, the bidding behavior
has an intuitive explanation: in order to win, every
bidder (or coalition of bidders) tries to guess where
the other bidders are guessing the relevant trim mean
will lie, which creates a concentration of bids in a
narrow range. The public disclosure of past winning
discounts implies that these discounts can work as
a simple coordination device to determine the range
within which discounts will lie.

An example from the data will clarify this dis-
cussion. Most of the ABAs awarded by the munic-
ipality of Turin before the switch to FPAs had a
winning discount in a narrow range between 17%
and 18%. Moreover, within each auction the vast
majority of discounts was typically concentrated at
approximately 18%. Bidders were aware of this “focal
bid,” and from auction to auction a large number of
them were bidding between 17% and 18% because
this was their best guess of what the other bidders
were doing. Although groups of bidders coordinating
their bids often tried to pilot the trim mean deter-
mining the winner, the large number of noncolluded
firms participating implied that across auctions the
bid distribution remained fairly concentrated at 18%.
A similar behavior, with the only difference one of
different “focal bid” values, is observed in all other
PAs in the data.

For entry and subcontracting, the implications of
using an ABA as the main auction are thus clear: the
random selection of the winner makes subcontracting
highly likely. Moreover, the fact that all firms ask a
high price bolsters the expected payoff from winning
the main auction and, accordingly, increases entry.
Therefore, a switch from ABAs to FPAs is expected to
produce a decline in both entry and subcontracting.

A richer version of this baseline framework would
allow for cost uncertainty at the time of bidding and
the possibility of a winning firm’s defaulting on its
bid. Cost uncertainty is a fundamental aspect of the
procurement of contracts (Spulber 1990), whereas the
risk of ex post default is an important element in
explaining the use of ABAs (Decarolis 2013). In the
online appendix, we formulate a model with these
features. Assuming that the default risk is linked
to a dichotomous bidder type (i.e., “serious” versus
“risky” bidders), the bid screening in FPAs is inte-
grated into the model as a technology that allows the

5 Indeed, although the presence of collusion in ABAs complicates
the description of the expected effects of a switch to FPAs, the basic
implications of the model in the online appendix hold under the
types of cartel behavior that Conley and Decarolis (2012) describe
for the Italian ABAs.
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PA to learn the type of the bidder. Thus, a switch from
ABAs to FPAs is expected to reduce participation for
two reasons: first, since proving to be a serious type
is costly, the entry cost is higher in FPAs than in
ABAs; second, only serious bidders enter FPAs if bid
screening entails excluding risky bidders. As regards
subcontracting, the reduction in subcontracting asso-
ciated with a switch from ABAs to FPAs follows the
same intuition described above.

Since bid screening is likely costly for the PA as
well, this type of model is able to rationalize ABAs as
a way to limit the default risk of FPAs without having
to pay the cost of bid screening.'® In terms of welfare,
however, the presence of a cost of doing the screening
for the PA implies that, even if ABAs and FPAs ulti-
mately result in the same firm executing the contract,
their equivalence in terms of welfare is ambiguous.
Moreover, their ranking in terms of welfare is linked
to the frictions that might exist in the subcontracting
and TJV decisions.

3.2. Discussion and Extensions

The above discussion suggests that ABAs are an
almost ideal starting point from which to study the
effects of FPAs on entry and subcontracting: since
both entry and subcontracting are expected to be par-
ticularly high in ABAs, the switch to FPAs in the
data is a powerful experiment to detect whether FPAs
lower entry and subcontrac’cing.17 However, since
these effects have been shown under specific model-
ing assumptions, it is interesting to discuss the likely
effects of some alternative assumptions about entry
and subcontracting.

3.2.1. Alternative Models of Entry. Informed en-
try. The Samuelson (1985) entry model assumes that
firms know their cost before deciding to enter. In
equilibrium, a cutoff strategy leads to entry by the
most efficient firms only. In our context, the ineffi-
cient allocation of the ABA, coupled with the efficient
resell mechanism, suggests that there will be values of
the entry cost such that the most efficient firms stay
out of the main auction. This makes entry in ABAs
even more appealing for inefficient firms and sub-
contracting even more likely relative to a case where
entry is free. In this environment, a switch to FPAs
would lower subcontracts but not necessarily lower

16 Decarolis (2013) compares the auctioneer’s revenues under four
auction formats: an ABA and an FPA, each of which can be aug-
mented by a bid screening stage where the auctioneer (at a cost)
learns bidders’ types. He shows that, conditional on paying the
screening cost, FPAs dominate ABAs. However, each of the three
remaining mechanisms can lead to the highest revenues depending
on screening and default costs.

17 Clearly, this switch also appears to be an ideal way to study the
trade-off between low winning price and likely ex post defaults
caused by FPAs. This is the focus of Decarolis (2014), who finds
evidence in favor of this trade-off.
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entry. Apart from this case, a model of informed entry
would lead to similar conclusions to those of our
baseline framework in terms of the effects of the two
auction formats.

Joint bidding. An interesting aspect of the data is
that firms have the option to bid either individually
or as members of a TJV. Although the random allo-
cation in ABAs should push firms to enter individu-
ally and postpone the choice of subcontractors to later
stages, a switch to FPAs might bolster entry via TJVs.
The first motive for entry via TJVs is linked to bid
screening: a TJV might allow its members to share the
cost related to collecting and also credibly disclosing
cost information to the PA. Since the highest discount
is eliminated during the screening in approximately
10% of the FPAs in the data, it is clear that improv-
ing the probability of passing might be valuable.'
Although so far we assumed that contracts consist of
one task, most of the contracts in the data are bundles
of multiple tasks. Thus, a second motive for TJVs can
be to lock in a key supplier to prevent competitors
from partnering with it. Third, since FPAs entail sub-
stantially lower winning prices than ABAs, winners of
FPAs face greater holdup problems: after having won
the auction at a very low price, a firm would be in
a weak position in its bargaining with potential sub-
contractors because few subcontractors could afford a
low price. The same holdup problem would be less
of a concern in ABAs in which many potential sub-
contractors could compete. Finally, a fourth motive
for TJVs is that FPAs are an effective way to collude,
unlike ABAs, where submitting multiple bids serves
to pilot the trim mean. Thus, although formalizing
a model of TJV formation and bidding would sub-
stantially complicate our simple model, there are clear
theoretical reasons that TJVs should become more
common with the switch to FPAs.

3.2.2. Alternative Models of Subcontracting. In
our framework, subcontracting emerges because the
allocation of the main auction is inefficient. There are
at least three additional reasons for subcontracting
discussed in the literature. First, as shown in Haile
(2001), if private idiosyncratic costs evolve over time,
the winner of the main auction might seek to resell
the contract if its cost relative to the other firms wors-
ens after having won the main auction. Second, if the
contract is composed of multiple tasks, subcontracting

BIn ABAs, instead, the lack of bid screening implies that a firm
could bid the focal bid even without knowing its cost and then
learn it only to play the resell auction. Indeed, this aspect of ABAs
might be a major advantage of this format in environments where
information acquisition is very costly and firms might make bid-
ding mistakes. Relatedly, in multiunit settings, the favor toward
uniform price auction is sometimes explained as a way to contain
problems caused by bidding mistakes.
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can occur because the winner decides to unbundle it
and resell its components. Third, subcontracting can
be part of a scheme aimed at sustaining a collusive
agreement. These alternative motives for subcontract-
ing have potentially important consequences for our
analysis. For instance, if we were to compare ABAs
involving contracts with bundled tasks to FPAs with
single-task contracts, then finding less subcontracting
in FPAs would be driven not by a behavioral response
to the auction format but by the different composition
of the contracts procured. In §5, we will explain how
we control for these forces.

4. Data

The analysis uses the database of the Italian Author-
ity for Public Contracts (Authority sample). The Ital-
ian Authority for Public Contracts gathers data on
all contracts for public works with a reserve price
above €150,000 procured by all Italian PAs. Our data
set includes contracts awarded between January 2000
and June 2006 and reports information about subcon-
tracting (the value of subcontracts, identity of subcon-
tractors, and so on) until the date of completion or
August 2011, whichever comes first. We restrict our
analysis to the simplest types of public works (con-
sisting mostly of roadwork construction and repair
jobs), awarded through either ABAs or FPAs, with a
reserve price between €300,000 and €5 million, auc-
tioned by either counties or municipalities located
in five regions in the North (Piedmont, Lombardy,
Veneto, Emilia-Romagna, and Liguria). Simple road-
work contracts are among the most frequent types of
contracts in the data set and represent one-quarter of
all public works. They are the most appropriate for
our analysis because their reserve prices are compa-
rable across PAs and, since bids are rebates over the
reserve price, the comparability of auctions depends
on the comparability of reserve prices.

A key feature of the contracts that we study is the
process leading to determination of the reserve price.
The types and quantities of inputs needed to com-
plete a project are determined by the PA engineers,
who then set the reserve price by multiplying these
inputs by their prices and summing up these prod-
ucts. Importantly, input prices are list prices set every
year for the respective regions and used exclusively
by PAs to calculate reserve prices. We use auctions
held in only five Italian regions because we found
that this improves the comparability of reserve prices.
Moreover, by focusing on simple roadwork jobs, we
enhance the possibility that differences in the type
and quantity of inputs is driven by the technology of
the work and not by the engineers’ discretion."

Y PAs are not allowed to change the process determining the re-
serve price depending on the auction format used. To find empirical
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Table 1 reports summary statistics separating the
auctions into six subsamples according to whether
the PA is the county of Turin, the municipality of
Turin, or one of the control PAs and whether the time
at which the auction was held is before or after the
switch to FPAs in Turin. These statistics confirm that
the reserve price is quite similar across the subsam-
ples and show that winning discounts are markedly
higher under FPAs.

The main independent variable in our analysis is a
dummy equal to one when the auction is an FPA and
zero otherwise. As regards the dependent variables,
we focus on the following.

Entry. There are two variables regarding entry that
we analyze. The first one, N. bidders, is the number of
bids submitted in the auction. The second one, TJV
wins, is a dummy equal to one when the winner is
a TJV and zero when it is an individual firm. The
comparison of the means reported in Table 1 suggests
that, although participation experiences a large drop
under FPAs, the frequency of winners that are TJVs
increases.”” Although in our main data set we observe
exclusively whether the winner is a TJV, in §5 we
present additional results using a smaller data set for
which the identities of all bidders are observed. We
use this data set to analyze how FPAs affect the prob-
ability that any bidder is a TJV, as well as the share
of bids in the auction coming from TJVs.

Subcontracting. We focus on two variables related
to the value of subcontracts. The first one is the total
value of all subcontracts, and the second one is the
value of the single largest subcontract. Since the win-
ning price is endogenous relative to the auction for-
mat, whereas the reserve price is not, we express both
subcontracting variables as a percentage of the reserve
price. The usefulness of the second of these two vari-
ables is to capture whether the change in subcontract-
ing behavior involves the reselling of one major task
of the contract and not just many ancillary small tasks.
A plain inspection of Table 1 shows a significant drop
in the mean share of subcontracting (total and of the
largest subcontract) under FPAs.

5. Empirical Analysis

5.1. Empirical Strategy and Identification

The empirical strategy that we use to identify the
effect of the auction format on entry and subcon-
tracting is the same used in Decarolis (2014) and is

support for this fact, we estimated a linear model for the reserve
price including an FPA dummy, finding it never statistically
significant.

» The summary statistics also indicate an increase in the number of
bidders in the control group (the value increases from 38 bidders
in the period 2000-2002 to 47 in the period 2003-2006). However, a
formal test for the equality of means in the two subsamples indi-
cates that the difference is not statistically significant.
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Table 1 Descriptive Statistics: Authority Sample
Municipality of Turin County of Turin Other PAs
Variables Mean SD N Mean SD N Mean SD N
January 2000 to December 2002
Reserve price (in €1,000) 919.1 776.8 121 805.4 63 868.8 710.5 1,009
Winning discount 17.07 5.049 121 17.32 5.897 63 12.83 6.167 1,009
N. bidders 59.91 26.85 121 40.25 40.49 63 37.54 34.53 1,009
TJV wins 0.073 0.261 96 0.079 0.272 63 0.052 0.222 634
Perc. subct. 10.81 12.01 100 7.974 11.91 62 8.563 12.56 918
Perc. largest subct. 8.613 7.154 67 8.083 11.70 48 10.55 10.42 519
N. subcontracts 2.222 1.993 99 1.371 2.113 62 1.492 1.807 915
Population 900 0 121 2,243 0 63 1,024 1,083 1,009
Experience 521 0 121 416 0 63 186.4 90.98 1,009
Fiscal efficiency 0.750 0.035 121 0.884 0.015 63 0.813 0.140 1,009
January 2003 to June 2006

Reserve price (in €1,000) 1,371 892.7 156 988.5 760.5 137 922.1 791.0 930
Winning discount 30.97 9.837 156 27.66 7.244 137 12.38 5.445 930
N. bidders 7.615 9.339 156 12.72 15.32 137 46.99 35.19 930
TJV wins 0.181 0.386 149 0.234 0.425 137 0.051 0.220 924
Perc. subct. 4.239 6.529 140 3.928 6.018 129 10.18 12.22 897
Perc. largest subct. 4.090 4.996 94 4.649 5.153 73 13.44 9.941 492
N. subcontracts 1.614 2.006 140 1.750 4.228 128 1.646 6.911 898
Population 900.6 0 156 2,243 0 137 388.4 245.9 930
Experience 521 0 156 416 0 137 171.4 75.24 930
Fiscal efficiency 0.806 0.040 156 0.866 0.032 137 0.866 0.092 930

Notes. Variables: Reserve price is the reserve price in thousands of euros. Winning discount is the rebate offered by the winning bidder and is expressed as a
percentage discount over the reserve price. N. bidders is the number of bidders participating in the auction. TJV wins is a dummy equal to one when the winner
is a TJV and zero when it is an individual firm. Perc. subct. is the total value of subcontracts divided by the reserve price. Perc. largest subct. is the value of
the largest subcontract divided by the reserve price. N. subcontracts is the total number of subcontracts. Population is the resident population in thousands
of persons. Experience is the number of auctions run by the PA in the sample period. Fiscal efficiency measures for each PA and each year the total actual

revenues from taxation over the total expected revenues from taxation.

based on two pillars. The first one is a difference-in-
differences (DD) regression model that exploits the
different timing of adoption of the FPA between Turin
and other PAs. Indicating by Y one of the four depen-
dent variables described above, we estimate the fol-
lowing model:

Yi,s,tZas+bt+cxi,s,t+BFPAs,t+8i,s,t/ (1)

where i indicates the auction, s the PA, and ¢ the year.
We seek to identify B, the effect on the dependent
variable of a dummy equal to one for FPAs and zero
for ABAs, conditional on PA and time fixed effects
(a, and b,, respectively) and other covariates (X).

The second pillar of the identification strategy is
the definition of the control group for the DD anal-
ysis. This relies on two assumptions: first, the fact
that the switch to FPAs that occurred in Turin, and
not in another PA similar to Turin, is essentially ran-
dom. This assumption is motivated by the observa-
tion that the switch in Turin was the first one to occur
because its collusion case was the first to emerge pub-
licly (see Conley and Decarolis 2012). As mentioned
in §2, during the same period other PAs were also
blaming ABAs for fostering collusion; however, they
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had not collected enough information to build a crim-
inal case against allegedly colluding firms by the time
at which Turin switched. For instance, a few months
before the Turin case became public, a similar case
was brought to court in Milan, but the judge refused
to proceed against the firms involved on the basis of
lack of sufficient evidence. Thus, several other PAs
were facing a situation similar to that of Turin and,
indeed, transited to FPAs as soon as allowed to by the
central government (July 2006).

The second assumption of the identification strat-
egy is that we can infer which PAs would have
switched together with Turin in 2003 if so allowed.
This assumption can be justified on the basis of what
happened after July 2006 when all PAs became free
to switch to FPAs. Using data for the period after
2006, Decarolis (2014) estimates the probability that
a PA voluntarily transitions from ABAs to FPAs. His
findings show that large PAs that most frequently
run auctions are the most likely to switch. Therefore,
the control group of the DD includes exclusively PAs
that are similar along this dimension to Turin. The
exact measure of similarity used, called Experience, is
reported in the note to Table 2 and was subject to
extensive robustness checks (reported in the online
appendix).
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Table 2 Baseline Regressions
N. bidders TJV wins Perc. subct. Perc. largest subct.
Variables (1) 2) 3) (4) (5) (6) (7) (8)
Panel A: Municipality of Turin
FPA —69.11% —60.59* 0.100%* 0.098** —9.566"* —8.238"* —9.040* —5.694+
(8.200) (6.111) (0.038) (0.0411) (1.901) (1.968) (1.597) (1.576)
Obs. 1,469 1,469 1,461 1,461 1,468 1,468 838 838
R? 0.295 0.431 0.064 0.123 0.087 0.128 0.177 0.272
Panel B: County of Turin
FPA —48.05* —45.15* 0.151% 0.159+* —6.676 —6.055"* —7.115%* —6.846"*
(8.708) (8.177) (0.049) (0.048) (1.168) (1.325) (1.530) (1.455)
Obs. 1,616 1,616 1,614 1,614 1,615 1,615 930 930
R? 0.274 0.397 0.084 0.146 0.093 0.130 0.159 0.250

Notes. For each dependent variable shown in the top margin, two numbered columns report the results of DD estimated with different control variables. Odd
numbered columns include year and PA dummies. Even numbered columns include year, PA, municipality, and work type dummies and reserve price. The
control group is composed of all PAs with a value of experience that is within 75% of that in the treated group (either the municipality or the county of Turin).

Standard errors are clustered for PA and year.
*p < 0.05; **p < 0.01.

Together these two assumptions imply that random
assignment of the FPA treatment occurs at the PA
level within the union of the treatment and control
groups. Although the identification of 8 should fol-
low from this randomization, an additional obstacle
to conducting inference on B is that we would need
the number of PAs to go to infinity. Clearly, since only
Turin constitutes the treated group, we are not satis-
fying this asymptotic condition. The concern is that
anything that happened in Turin at the same time as
the switch to FPAs that could potentially affect all the
contracts will bias the results. This effect would be
averaged out with a large number of treated groups.
A solution to this problem, which often plagues DD
studies, has been proposed by two closely related
papers, Abadie et al. (2010) and Conley and Taber
(2011). These studies show that, under random assign-
ment at the PA level, the PAs in the control group can
be used to construct a distribution of PA-level shocks,
which is then used for inference on 8. In more detail,
we estimate the distribution of unobservable shocks &
in Equation (1) using the large number of PAs in the
control group. Under the maintained assumption of
random assignment to treatment and control groups,
this distribution is a valid estimate of the distribution
of unobservable shocks in Turin. The standard error of
the DD estimator is then corrected to account for the
small sample bias in the treatment group. In essence,
under this methodology, the asymptotic requirement
regards only the PAs in the control group and is likely
satisfied in the current setting, in which a large num-
ber of PAs is included in the control group.

The rest of this section presents first a set of base-
line DD estimates of the effect of the switch to FPAs
on entry and subcontracting. We then report robust-
ness checks addressing the problems of identifica-
tion, by analyzing time trends, and of inference, by
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using the Conley and Taber (2011) method. We also
report robustness checks dealing both with collusion
in ABAs and subcontracting determinants, which are
further explored in the online appendix.

5.2. Effects of the FPA on Entry and
Subcontracting: Baseline Estimates

Table 2 presents the baseline DD estimates of the
switch to FPAs on the four outcome variables. For
each dependent variable, we run two specifications,
which differ in the covariates included in X (see Equa-
tion (1)): odd numbered columns include dummy
variables for the year and the identity of the PA; even
numbered columns additionally include the reserve
price, dummies for whether the PA is a municipal-
ity, and dummies for the type of work. Panel A
reports the estimates for the municipality of Turin,
and panel B reports those for the county of Turin. For
each of the treated PAs, the control group is selected
as the set of counties and municipalities located in
five northern regions that hold a number of auctions
in the sample close to that of the treated PA.

Panel A shows that for the municipality of Turin the
switch to FPAs has a large and statistically significant
effect on all the dependent variables considered. The
number of bidders falls on average by 61-69 bidders,
depending on the model specification; the awarding
of the contract to a TJV becomes more likely, increas-
ing by 10%; and the percentage of both total subcon-
tracts and of the largest subcontract declines, between
8% and 10% in the former and between 6% and 9% in
the latter. Qualitatively similar results are reported in
Panel B of Table 2 for the county of Turin: the sign and
significance of the estimates is the same, but, with the
exception of the TJV dummy, the effects on the other
three dependent variables are smaller in magnitude
than those in panel A.



Downloaded from informs.org by [193.205.23.67] on 18 December 2017, at 07:06 . For personal use only, all rights reserved.

Branzoli and Decarolis: Entry and Subcontracting in Public Procurement Auctions

Management Science 61(12), pp. 2945-2962, © 2015 INFORMS

At first glance, the estimated effects appear to be
quantitatively large. Therefore, before moving to the
robustness check analysis that is standard in DD stud-
ies, we discuss in more detail the sources of these
findings. Proceeding in the same order in which the
dependent variables are presented, we begin by look-
ing at the case of entry. The large estimates are con-
sistent with the descriptive evidence in §4, which
revealed a marked drop in entry in FPAs relative
to ABAs. Moreover, the framework described in §3
rationalizes this large drop as driven by both the
exit of risky bidders and the decreased participa-
tion of serious bidders due to the costly bid screen-
ing process. However, a natural concern is whether
part of this drop might be caused by colluding firms’
reducing their participation after the cartel has been
exposed. Relatedly, this effect might be amplified by
the presence among the colluding firms in ABAs
of “shills” (i.e., firms that had been set up for the
sole purpose of helping another firm to manipulate
the bid distribution in ABAs). Shills are useful in
ABAs for increasing the number of bids submitted to
manipulate the average but are worthless in FPAs. To
assess to what extent collusion in ABAs can explain
the lower entry in FPAs, we exploit the findings in
Conley and Decarolis (2012). They report that the typ-
ical ABA in Turin had 51 firms bidding, with 17 of
them being members of the cartels. Moreover, half
of these 17 firms were likely to be shills. Therefore,
we propose to use a range between two-thirds and
five-sixths of the DD estimates in Table 2 as a more
conservative benchmark of the effect of the change in
the auction format that accounts for the exit of either
all colluding firms, or just the shills. Even after this
adjustment, our estimates indicate an economically
large drop in entry due to the switch to FPAs. Indeed,
even if all 17 colluding firms present on average in
ABAs stop entering FPAs, the exit of noncolluding
firms is required to explain the drop in average par-
ticipation from 51 to 8 firms.

The other measure related to entry, the dummy TJV
wins, increases significantly with the switch to FPAs.
The estimated effect is similar across specifications
and indicates an increase of approximately 10% in the
probability that the winner is a TJV. A comparison of
this number with the sample mean of the ABAs of
the municipality of Turin (7%) implies that the frac-
tion of winning TJVs more then doubles under FPAs.
A limitation of our data set, however, is that we can
only assess the TJV or individual firm status for the
winner. To have a more complete description of how
bidders respond to the introduction of FPAs in the
preauction stage, we collect an additional data set in
which we can observe whether, for each bid, the bid-
der is an individual firm or a TJV. This is a small
sample containing 135 FPAs and 762 ABAs held after
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Table 3 Presence of TJVs Across All Bidders
N. TJV Share of TJV
Variables 1) 2 ) (4) (®)
FPA 0.651**  0.628* 0.458+  0.084*+  0.068**
(0.184) (0.184) (0.216)  (0.030) (0.032)
Firm controls NO YES YES NO NO
N. bidders NO NO YES NO YES
Obs. 34,690 34,690 34,690 891 891

Notes. Standard errors are clustered by PA and year. The data set used is
a panel containing information for each bidder in each auction (762 ABAs
and 135 FPAs). Columns (1)—(3) report the results of a probit model using
as a dependent variable the number of TJVs participating in an auction.
Columns (4) and (5) use as a dependent variable the share of TJVs participat-
ing in an auction (number of bids submitted by TJVs divided by total number
of bids submitted). Columns (1)—(3) are estimated via maximum likelihood,
columns (4) and (5) via OLS. All regressions control for year fixed effect,
the reserve price, a measure of work complexity (the number of categories
of the tasks involved in the work), and the contractual time to complete the
job. A YES in the row “Firm controls” indicates that the regression model
includes three firm-specific controls: the distance between the firm and the
location of the work (at zip code level), a dummy for whether the firm has
unlimited liability, and the amount of firm-subscribed capital. A YES in the
row “N. bidders” indicates that the regression model also includes the num-
ber of bidders in the auction.
*p < 0.05; **p <0.01.

November 2005 by PAs in the North of Italy to pro-
cure roadwork contracts.”! These data include FPAs
run not only by Turin, but also by other PAs that
switched to FPAs starting in 2006. Without attempt-
ing to identify causal effects in this small data set
and with the sole purpose of conducting a descrip-
tive analysis, we present in Table 3 estimates from
a probit model for the probability that a bidder is a
TJV (first three columns) and OLS regressions for the
share of bidders in the auction that are TJV. The signs
of the conditional correlations that we estimate are
consistent with our previous findings and suggest an
increase of TJV entry under FPAs.?

The last four columns of Table 2 present the evi-
dence regarding subcontracting. Both the total share
of subcontracts and the share of the largest subcon-
tract fall significantly with the adoption of FPAs. The
effect on the total share of subcontracts is similar
across specifications and indicates a fall of approx-
imately 10% of the total value of the contract out-
sourced by the winner. This is not only significant but
also a large value when compared to the mean share

2! This is a subset of auctions for which the TJV variable is available
within the set of auctions in the “Telemat data set” described in
Conley and Decarolis (2012).

21n ABAs, 3% of bidders are TJVs, whereas in FPAs 9% of all bid-
ders are TJVs. Moreover, 2.5% of ABAs are won by TJVs, whereas
7% of FPAs are won by TJVs. So T]Vs are three times more likely to
participate in FPAs and win a share of auctions three times larger.
Thus, their higher participation is likely to be the reason that TJVs
win more frequently.



Downloaded from informs.org by [193.205.23.67] on 18 December 2017, at 07:06 . For personal use only, all rights reserved.

Branzoli and Decarolis: Entry and Subcontracting in Public Procurement Auctions

2956 Management Science 61(12), pp. 2945-2962, ©2015 INFORMS
Table 4 Adding Winner Fixed Effects
N. bidders TJV wins Perc. subct. Perc. largest subct.
Variables M (2) (3) (4) (5) (6) (7) (8)
Panel A: Municipality of Turin
FPA —65.01%* —67.98"* 0.216* 0.192++ —9.428+ —8.975 —2.521 —0.526
(6.587) (6.707) (0.0533) (0.0550) (2.636) (2.752) (2.460) (2.647)
Obs. 1,464 1,464 1,457 1,457 1,463 1,463 834 834
R? 0.857 0.873 0.714 0.737 0.686 0.707 0.832 0.857
Panel B: County of Turin
FPA —40.39* —38.73* 0.136"* 0.155"* —6.934 —6.350% —6.964* —8.069*
(7.805) (8.055) (0.0612) (0.0627) (3.091) (3.200) (3.161) (3.459)
Obs. 1,611 1,611 1,609 1,609 1,610 1,610 925 925
R? 0.842 0.854 0.750 0.773 0.676 0.699 0.805 0.825

Notes. The estimates reported in this table are analogous to those reported in Table 2 with the only difference being that fixed effects for the identity of the
winner are included in all regression models. Refer to Table 2 for the description of the other regression covariates.

*p < 0.05; **p < 0.01.

of subcontracts in the period before 2003, which is
approximately 14% for both the municipality of Turin
and the other PAs in the control group. The similarly
large effect on the share of the largest subcontract cor-
roborates the idea that under FPAs the winner tends
to execute the core job by itself.?

As we discussed in §3, the decline in the level of
subcontracting can have different explanations. On
one hand, there is a composition effect due to the
allocative efficiency of FPAs. On the other hand, there
is a within-firm effect associated with a holdup prob-
lem in the subcontracting stage and the locking in of
strategic suppliers. To disentangle these two effects,
we also estimate the model above including winner
fixed effects (see Table 4).

The coefficient on the total level of subcontracting
remains negative and statistically significant, suggest-
ing that the change in the overall amount of sub-
contracting occurs within firm. The coefficient on the
level of the largest subcontract is, however, not signif-
icant in this specification, indicating that the decline
in the share of the largest subcontract is mainly driven
by a change in the composition of the winners.?

B Table 3 reports an effect on the percentage going to the largest
subcontractor, which is larger than the percentage going to subcon-
tractors overall. The reason is that for some auctions we do not have
information on the largest subcontract; therefore, the two samples
are not exactly the same. If we restrict the sample only to observa-
tions for which we have both variables, the effect of auction format
on the percentage going to the largest subcontractor is smaller than
the percentage going to subcontractors overall, as it should be.

% An additional argument in favor of both effects being at play
comes from looking at winner identities. We looked at the share of
winning firms in FPAs who also win in ABAs (and vice versa). In
a total of 139 unique winners in the FPA sample, 33 win 11% of the
auctions in the ABA sample in the pretreatment period . Therefore,
winners in FPAs won a nonnegligible fraction of the ABAs. This
evidence suggests that the fall in subcontracting may not be entirely
due to a composition effect.
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These results are consistent with the conclusion that
both a composition effect and a within-firm effect
contribute to the observed fall in the level of sub-
contracting. Finally, additional results showing that
the effect on subcontracting is not driven by con-
founding effects due to regulation requirements are
reported in the online appendix. There we show that
nearly identical estimates are found if we restrict the
analysis to the cases where there are no mandatory
subcontracts.”

These results depict a clear change in participation
and subcontracting under the two auction formats.
Consistent with the theoretical arguments in §3, we
observe under FPAs (i) a large fall in participation,
(ii) an increase in the fraction of auctions awarded to
TJVs, and (iii) a significant fall in subcontracting activ-
ity. In the next subsection we analyze the robustness
of these results with respect to several issues associ-
ated with DD estimation.

5.3. Robustness Checks

The first set of robustness checks deals with the
presence of common trends among PAs. A com-
mon trend between treatment and control groups
before the treatment is a key assumption of the
DD strategy. To understand whether our results are
driven by heterogeneity in the time trends across
PAs rather than the auction format, we present in
Figure 1 the behavior over time of the four dependent

% As explained in §2, the possible presence of mandatory subcon-
tracts when the winner is not qualified to perform the secondary
tasks can affect bidder behavior. The results in the online appendix,
however, show that estimates nearly identical to the estimates in
the text are obtained if the sample is restricted to contracts with
a single task where, necessarily, subcontracting is always volun-
tary. A similar finding was also obtained by modifying the depen-
dent variable to account for subcontracts given exclusively in the
main job category (which, necessarily, are also always voluntary
subcontracts).
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Figure 1 (Color online) Time Trends
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variables. The four plots indicate a parallel behavior
between treatment and control groups before the pol-
icy change.”® They also visually confirm the strength
of the effects discussed earlier and reveal how the dif-
ferences between treatment and control groups grad-
ually increase between the first and the second year
after the policy change.

Table 5 complements this graphical evidence by
presenting the estimates of 8 when we augment
the set of covariates with PA-specific time-varying
variables. Estimates in the odd numbered columns
include in the specification a measure of fiscal effi-
ciency often used in public finance—the ratio of the
actual to the expected tax revenues—measured at
the PA-year level. Even numbered columns include
PA-specific time trends.

The estimates of B are significant and consis-
tent with the results previously analyzed. For the
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% Furthermore, the plots do not display any change around 2003
for the control group. The only exception is the number of bid-
ders, for which there is a slight increase after 2003, which is not
statistically significant but could result from some weak “bidders”
turning from auctions in Turin to other PAs. The robustness checks
described in the online appendix address precisely this concern.
From those results, we conclude that our results are not affected
by contamination.
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Note. Dots indicate yearly means, vertical lines show the standard deviation of +1.96.

municipality of Turin, the switch to FPAs has a neg-
ative effect on the number of bidders, although the
absolute magnitude is partially attenuated. Nonethe-
less the magnitude of the switch is still large, with
approximately 34 bidders in the model with time
trends, compared to the sample mean in the ABA
period of 60. Moreover, the probability of a winning
TJV remains the same with the inclusion of Fiscal effi-
ciency and increases with the inclusions of PA-specific
time trends. For the municipality of Turin, the esti-
mated value of 8 becomes insignificant for the mea-
sures of subcontracting with PA-specific time trends.
However, note that, for the county of Turin, both
effects remain significant independently of the covari-
ates included. The rest of the results for the county
of Turin confirm what has just been discussed for the
municipality of Turin.

The inclusion of PA-specific time trends should,
however, be interpreted with caution. As first noted
by Wolfers (2006), a policy reform such as the one
we analyze may affect the outcome variable gradu-
ally over time. Therefore, the inclusion of PA-specific
time trends may capture part of the effect of the pol-
icy change. To support this argument, we plot in the
online appendix the time trends of the four variables
of interest for the treatment and the control group.
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Table 5 Robustness Check: PA-Specific Time Trend and Fiscal Efficiency

N. bidders TJV wins Perc. subct. Perc. largest subct.
Variables 1 ) 3) (4) (5) (6) (7) (8)
Panel A: Municipality of Turin

FPA —65.00"* —34.59+ 0.096* 0.200** —8.018" —1.993 —6.692+* —0.743

(6.799) (8.493) (0.043) (0.068) (2.071) (2.758) (1.753) (2.819)
Fiscal efficiency YES NO YES NO YES NO YES NO
Linear trend NO YES NO YES NO YES NO YES
Obs. 1,469 1,469 1,461 1,461 1,468 1,468 838 838
R? 0.434 0.487 0.123 0.130 0.128 0.159 0.274 0.311

Panel B: County of Turin

FPA —44.04 —13.38 0.158* 0.188* —6.201** —6.275* —6.632%* —9.687+

(8.146) (8.926) (0.049) (0.069) (1.259) (2.620) (1.529) (2.072)
Fiscal efficiency YES NO YES NO YES NO YES NO
Linear trend NO YES NO YES NO YES NO YES
Obs. 1,616 1,616 1,614 1,614 1,615 1,615 930 930
R? 0.399 0.454 0.146 0.155 0.130 0.162 0.251 0.290

Notes. Standard errors are clustered by PA and year. The dependent variables are reported above the columns. All regressions control for year, PA, municipality
type, and work type dummies and the reserve price. A YES in the row “Fiscal efficiency” indicates that the regression model includes the variable Fiscal
efficiency among the controls. A YES in the row “Linear trend” indicates that the regression model also includes both a linear time trend and PA-specific time
trends among the controls. Results were obtained by using a control group based on experience.

**p < 0.05; **p < 0.01.

These graphs support the validity of the DD strategy
because for all four variables the trends before 2003
are similar between treatment and control and start
to diverge in 2003. Furthermore, the effect is gradual
in the first year after the reform. In light of this evi-
dence, the inclusion of PA-specific time trends does
not substantially alter the main evidence found in the
previous section.

In the second set of robustness checks we focus on
the methodology used to compute standard errors.
The analysis performed so far uses standard errors
clustered at the PA-year level. This level of cluster-
ing is conventionally used in DD studies and seems
particularly appropriate here because of the presence
of PA-specific factors that might change across years.
Nevertheless, the well-known criticism of Bertrand
et al. (2004) regarding the autocorrelation of standard
errors, which causes the PA-year level clustering to
produce statistical significance when significance is
in fact absent, requires an assessment of whether the
estimate of 8 remains significant once standard errors
are clustered at the PA level. Table 6 reports the 95%
confidence intervals (Cls) obtained when replicating
the regressions presented in Table 5 using different
sets of standard errors.

The first row shows the CI when the standard
errors are clustered at the PA-year level (as in our
baseline estimates), whereas the second row reports
the CI when clustering is performed at the PA level.
The results confirm the evidence presented in Table 5.
The county of Turin confirms all our main results
and the municipality of Turin confirms them except
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for one set of regressors where the endogenous vari-
able is the level of subcontracting. The third row
of Table 5 addresses the problem, described earlier,
that standard errors (clustered at the PA-year or PA
level) are inadequate for inference on B since only
one PA is treated. Therefore, this row reports the CI
obtained withvalid standard errors calculated by fol-
lowing Conley and Taber (2011) who, loosely speak-
ing, calculate an empirical distribution of the shocks
affecting the PAs in the control group and evaluate
whether the estimate of § is large enough not to be
considered as the realization of a shock from this dis-
tribution. Our findings indicate that the set of Cls
obtained with this method closely resembles those
generated by clustering at the PA-year level and, over-
all, confirms all our findings.

The last issue that we address is related to collusion
in ABAs. In 2008, the Turin Court of Justice ruled that
267 auctions had been rigged by 8 groups of 95 total
firms. These groups were identified as cartels and
their members were fined, with some of them even
being sentenced to jail. For our purposes, the pres-
ence of these cartels in ABAs might affect the level
of subcontracting. If subcontracting is used as side
payment within the cartel, the significant decrease in
subcontracting in FPAs would be due to the absence
of cartels in these auctions rather then the introduc-
tion of FPAs. To assess this issue, we focus on the
sample of ABAs held before 2003, and we construct a
dummy equal to one if the auction is won by a car-
tel member and zero otherwise. We then estimate via
OLS the effect of this dummy on the subcontracting
variables (total share of subcontracts and the share of
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Table 7 Robustness Check: Cartels
Perc. subct. Perc. largest subct.
Variables 1) 2) 3) 4)
Panel A: Municipality of Turin

Dummy cartel winner 2.824 2.756 3.441* 2.533
'8 (1.770) (1.648) (1.977) (1.827)
& Obs. 598 598 343 343
§ R? 0.088 0.137 0.082 0.159
g Panel B: County of Turin
g’ Dummy cartel winner 2.052 2.102 2.947 3.025
= (2.122) (2.148) (2.545) (2.697)
< Obs. 649 649 384 384
g R? 0.099 0.139 0.102 0.182
ol Notes. Standard errors are clustered for PA and year. The variable Dummy cartel winner is equal to one when the
; auction is won by a member of a cartel. Odd numbered columns include year and PA dummies. Even numbered
c columns include year, PA, municipality, and work type dummies and reserve price. We use only auctions in the ABA
2 sample (the investigation started before the reform), and the control group is composed of all PAs with a value of
g_ experience that is within 75% of that in the PA analyzed (either the municipality or the county of Turin).
5 *0<0.1.
L
©
o Table 8 Robustness Checks: PAs Outside Piedmont
N~
% N. bidders TJV wins Perc. subct. Perc. largest subct.
'g,_ Variables (1) (2) (3) (5) (6) (7) (8)
; Panel A: Municipality of Turin
< FPA —70.37 —63.02"* 0.101** 0.102 —10.17+ —8.707 —8.978 —5.638*
g (8.623) (6.298) (0.0386) (0.0410) (1.847) (1.916) (1.584) (1.575)
g Obs. 1,314 1,314 1,306 1,306 1,314 1,314 767 767
© R? 0.309 0.447 0.064 0.127 0.091 0.137 0.186 0.286
—
5 Panel B: County of Turin
= FPA —49.02+* —46.77+* 0.153** 0.163** —7.309 —6.650"* —7.231% —6.910
;’g (9.311) (8.586) (0.0494) (0.0482) (1.206) (1.392) (1.636) (1.583)
uN)' Obs. 1,461 1,461 1,459 1,459 1,461 1,461 859 859
Q R? 0.286 0.411 0.084 0.148 0.098 0.139 0.165 0.260
8' Notes. Baseline estimates including within the control group only auctions held by PA located outside the Piedmont region (the region where Turin is located).
=, 0dd numbered columns include year and PA dummies. Even numbered columns include year, PA, municipality, and work type dummies and reserve price. See
2 Table 2 for additional details.
= **p < 0.05; **p < 0.01.
e}
g
5 the analysis of FPAs is related to the increase of TJVs  institutions within which the auction format oper-
E under this format. The change in the nature of the  ates. A particularly striking example regards the hotly
§ bidders showcased by the increase of TJVs suggests  debated issue of SMEs. The recent literature on this
= that a lower number of bidders might be associated  topic has focused on the question of whether bid pref-
3 with more competition: if two firms join their forces  erences (i.e., bid subsidies) or contract set-asides is
-g as a TJV, the number of bidders will decline, but it  the most effective system to ensure that SMEs are
E is highly plausible that the degree of competition will =~ awarded contracts. These two systems are inspired by
8 increase. This would be true if, for instance, those two their usage in procurement in the United States. Our

firms were able to exploit relevant synergies.

The above point about TJVs also implies that the
degree of bidder asymmetry is endogenous. In par-
ticular, it is determined by the broad set of rules
governing entry, bidding, and subcontracting. Thus,
to evaluate an auction format in terms of its rev-
enues, allocative efficiency, and distributional effects
across bidders, we must analyze the broader set of
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analysis describes an alternative to both methods.*
Fostering the formation of TJVs is a viable alternative
that provides a way for SMEs to compete on common
ground with larger contractors. Although the issue
of SMEs is widely considered a first-order concern

% Indeed, contrary to the U.S. system, Italian regulations do not con-
template auctions with bidding preferences (or quotas) for SMEs.
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in procurement, there is no clear theoretical indica-
tion regarding which system might be better, bidding
preferences (or quotas) or TJVs. More generally, it
is surprising that, despite the vast literature on the
boundaries of firms and on integration, so little of this
literature has penetrated the auction literature.

A third set of considerations regards ABAs.
Although most of our discussion has focused on the
FPA, our analysis also helps to clarify the benefits
associated with the ABA. Focusing exclusively on bid-
ding, we note that the use of ABAs has been justified
by Decarolis (2013) as a superior alternative to FPAs
in the presence of a severe default risk due to adverse
selection. A recent contribution by Chang et al. (2015)
proposes a different rationalization based on labora-
tory experimental evidence. Chang et al. (2015) show
that, given the behavioral biases characterizing bid-
ders, this format performs well by allocating the con-
tract to a firm that is likely to complete it and earn
a “nonexcessive” profit.! Nevertheless, neither ratio-
nalization is fully satisfactory: the former suggests
that, despite the fact that ABAs outperform FPAs in
terms of default risk, ABAs open the door to too
many other problems in terms of high and unpre-
dictable awarding prices, inefficient allocation, collu-
sion, and lack of full elimination of the default risk;
the latter is founded upon laboratory experimental
results that may not apply in the field. In partic-
ular, although a behavioral bias might characterize
environments with inexperienced bidders and com-
plex contracts, the real-world environment of ABAs
is characterized by frequently held auctions for rela-
tively simple contracts.*?

However, once seen within the broader context
of entry and subcontracting behavior, the interpre-
tation of the ABA changes. There are circumstances
under which ABAs are an effective method for pro-
curement agencies to delegate to the market the
choice of who will execute the contract. In the con-
text of public procurement, where FPAs can pose

3 Their experiment tests how bidders with pure common value
behave in ABAs and FPAs. In FPAs the experimental subjects fail
to correct for the winner’s curse and offer prices that are too low.
In ABAs, surprisingly, they bid almost exactly as in FPAs. This
behavioral bias is well described by a model where bidders ignore,
or believe that others ignore, informational content of the most
extreme cost signals and best respond to other bidders behaving in
the same way. The implication is that under this type of behavior
the winner’s curse is no longer a problem because the ABA selects
as winner a bidder who has not systematically underestimated the
cost of the project.

% Furthermore, a pure common value environment like that
assumed in Chang et al. (2015) is incompatible with the extensive
usage of subcontracting that we observe in our data. Nevertheless,
it is important to remark that the substantial difference between the
two approaches is not in terms of how they model the valuation
structure, but in terms of the equilibrium strategies considered.
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a severe trade-off between winning prices and ex
post performance whenever the procurement agency
is unable to properly select firms, ABAs augmented
with subcontracting can limit the performance risk
without causing severe inefficiencies.®* This is a par-
ticularly realistic situation in public procurement
where firms might be better informed than the pub-
lic officials about the cost conditions and the relia-
bility of the other firms in the market. Moreover, as
argued by Moszoro and Spiller (2012), the presence
of third-party opportunism induces public officials
to select auction formats that minimize the risk that
their political opponents could attack them for poor
management choices. Given the high visibility of an
incomplete or simply delayed public project, it is evi-
dent that public officials might be willing to outsource
the choice of who is the best contractor to the market,
even if this causes the payment of large rents to the
winner of the auction.

7. Conclusions

Using a change in Italian public procurement reg-
ulations, this paper analyzes how FPAs affect the
interplay between pre- and postauction stages, i.e.,
entry and subcontracting decisions. Our main find-
ings indicate that FPAs substantially reduce subcon-
tracting and entry and induce a shift in the type of
bidders from individual firms toward TJVs created for
the sole purpose of bidding and executing the con-
tract. In particular, we find that the introduction of
FPAs more than doubles the fraction of contracts won
by TJVs. These results indicate the need to evaluate
auction formats in light of their interactions with the
other institutions governing the procurement process,
in particular those regulating entry and subcontract-
ing. We have shown that in the case of ABAs this
can lead to the reevaluation of the role of this format.
Furthermore, this paper identifies the need to better
understand how auction formats interact with firm
boundaries. A more in-depth theoretical analysis is
needed to evaluate the performance of auctions when
firms have the freedom to substitute between subcon-
tracting ex post and forming partnerships ex ante.

% Although a complete welfare analysis is beyond the scope of this
paper, we looked at the identities of winners and subcontractors
in FPAs and ABAs for the subset of auctions for which we have
this information. There are 106 winners in FPAs, 20% of which
are subcontractors in ABAs. On the contrary only 2% of the 782
winners in ABA are subcontractors in FPAs. In 78% of the ABAs,
either the winner or at least one subcontractor is also a winner or
subcontractor in FPAs. Thus, since under either mechanism nearly
the same set of firms ends up performing the job, the difference in
allocative efficiency could be limited.
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