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1. Introduction
In recent years, combinatorial auctions have bgmlied in a number of Swedish public
tenders of multi-unit contracts. Besides the subiorsof bids on individual contracts (stand-
alone bids), bidders have in these tenders alsa bbewed to submit bids on arbitrarily
packages of contracts. The pricing mechanism has bee first-price rule, which in some
cases has been modified to also include othertqtiaé criteria in the awarding of contracts,
i.e., the principle of the most economically adegeous bid. The main advantage with
combinatorial auctions is that the mechanism eabigders to offer discounts in case they
are allocated a bundle of contracts. That is, Hreynot exposed to the risk of winning to few
contracts. Hence, the buyer may exploit suppli@@st synergies of winning multiple
contracts and thereby reduce his own costs. Irtiaddio allowing the submission of bids on
packages of contracts, bidders have in most ofethSsedish combinatorial public
procurement auctions also been allowed to expriesisations in their capacities. In an
addendum to the stand-alone bids on individualreotd, the bidders had the option to state
the maximum volume that they could accept in casaodarge volume would be awarded.
This constraint upon volume could be expresseairimsg of maximum number of contracts
awarded or maximum awarded contract value or aipalygolume inherent in the contracts
(m2,tons, km etc). Such an optional constraint rpayentially increase the number of
competitive bids from bidders with limited capacsipce they will not be exposed to the risk
of winning to many contracts. To sum up, both theae types of conditional bids — bids on
packages and “bids” declaring a constraint upornrd@dvolume — have the potential of both

lowering the procurer’s cost and increase efficyenc

Although there is quite a large literature on camalorial auctions, the number of empirical

studies on bidding behavior in combinatorial prernent auctions implemented in the field.



The latter format is seen as an alternative t@@aombinatorial mechanism as it enables
suppliers to express synergies across bundles mfamts, which mitigates the exposure
problem (Pek& and Rothkopf, 2003) and putatively has the poaért both lower the

procurer’s cost and enhance efficiency.In this pafiee design, implementation and the
outcome from a number of combinatorial public precaent auctions of various services are
analysed. The analysis is empirical and elaboratitieout the ambition to tackle the inherent

complex bidding strategy problem.

Combinatorial auctions can be very complex. Bestde buyer's inherent potential
computational problem in determining the winner an combinatorial auction (Nisan,
2006),the auction mechanism is also strategicaty complicated. Although the literature on
combinatorial auctions is relative extensive, thenber of studies based on field data is
scarce. One explanation is that this mechanismtdués complexity rarely is applied in
public procurement, albeit being increasingly agblin industrial procurement (Bichler et.al.
2009). Therefore there is a lack of evidence atbat extent bidders use the option to submit
packages. In the combinatorial public procuremanttians studied here, bidders placed
simultaneously both stand-alone bids on singlerbgeneous contracts and bids on various
packages of these contracts. Any bid in a packagklde followed by a stand- alone bid.
Consequently, not only did a bidder compete agawmister bidders stand-alone and
combinatorial bids, thebidder’s stand-alone bidsaso competing with his own combination
bids and vice versa. As such the degree of contgléxia combinatorial auction islikely
increasing in the number of separate contracts.aliheof this paper is to empirically explore

the design, implementation and the outcome fromc@fbinatorial public procurement



auctions of four different services carried outSweden during the period 2003-2010.The
rules of the game varyacross the combinatorial ym@uent auctions studied in terms of (i)
restriction on the number of contracts awardedne and the same bidder, (ii) the option to
express capacity constraints and (iii) restrictimmshow many packages the bidders were
allowed to submit. In addition to this, we studg likelihood of a bidder winning at least one
contract and proportions of contracts won, respelstj as explained by the number of stand-
alone and combinatorial bids submitted.Besideddifierences in design the type of bidder,

local or global will also be controlled for.

The outline of our paper is as follows. Sectiom@udes the related literature. The auctions
and a simple theoretical model will be presentedbactions 3 followed by the empirical
analysis in Section 4. The results are discusse8leiction 5 and Section 6 concludes the

paper.

2. Previous studies

Combinatorial auctions have received substantignion in recent years, in both practice
and theory (e.g. De Vries and Vohra, 2003; Epsteial., 2004; Sheffi, 2004; Cantillon and
Pesendorfer, 2006; Cramton et al., 2006; Abracha.e2007). Also, there is quite a large
amount of literature analyzing the strategic imgticns of combinatorial bidding and how to
design combinatorial bidding. A number studies abersthe Vickrey-Clarke-Groves (VCG)

mechanism (e.g. Krishna and Rosentahl, 1996; Halzamal Monderer, 2004; Yokoo et al.,
2004; Ausubel and Milgrom, 2006; Chew and Seriza2@87). Relatively little is however,

known about equilibrium bidding strategies in eomiments of heterogeneous multiple items.
The ambition with the current paper is to contrébt the understanding of combinatorial

auctions in such an environment.



In the presence of synergies across items or aisfrdne effect upon revenues or cost when
allowing bidders to submit combination bids hasrbassessed in a number of experimental
studies (see Chernomaz and Levin, 2012, for aofisiome previous experiments) and field
data (Lunander and Lundberg, 2012a; 2012b). Chemaand Levin (2012) find evidence of
the threshold problem regardless of the level oksgies to cause the combinatorial auction
rule to generate lower revenues to the seller tharseparate auction. Theoutcome from their
experiments indicate that the theory qualitativielyconsistent with the observed behaviour:
the stronger the synergies, the better performafdae combinatorial auction in terms of
efficiency; the seller’s revenue is higher undgyasate auctions than under the combinatorial

auctions, irrespectively of the size of the indusgdergies.

Theoretical evidence is found in Krishna and Rds&n{1996) who have shown that the
simultaneous sealed-bid second-price auction withdbjects and a single global bidder due
to “overbidding” outperforms a corresponding condbamial auction when synergies are
presentMaskin and Riley (2000) show that in a first-priaaction, the equilibrium bid

distribution of the “strong” bidder (the global bier) stochastically dominates that of the
“weak” bidder (the local bidder). A similar resudt found in Kagel and Levin (2005), in

which they derive and analyze bidding behavioua sealed-bid uniform price auction when
synergies are present. They find that bidders wititi-unit demand have, for some intervals

of values, an incentive to submit bids above thealuation.

Cantillon and Pesendorfer (2006) refer to the tesoibtained in McAfee et al. (1989) and
show that the presence of a combination bid do¢secessarily indicate that the bidding
firm is facing synergies. The submission of a camabon bid can be equally motivated by
strategic price discrimination. Cantillon and Pekefer conclude that the welfare

consequences of first-price combinatorial procum@mauctions are an open empirical

'overbidding is a situation where a bidder bids @boer value, facing the possibility of a loss estpo



guestion. However, the more bidders’ unit costsreggatively correlated in the number of
contracts won, the more likely it is that the conation bids reflect synergies across contracts

rather than strategic price discrimination.

Given the data from these tenders, the questioalyzed are to what extent do suppliers use
the option to submit combinatorial bids and areti@mts allocated more to packages bids

rather than to stand-alone bids?

3. Theauctions and design issues

The empirical analysis in this paper is based oadisth public procurements of four different
public services;internal regular cleaning servicead resurfacing, bus routes, and provision
of nursing home care for the elderly. These praoerg auctions were all organized as
simultaneous combinatorial auctions and the cotgragthin each auction are in one or

several dimensions heterogeneous. The auctiondwvéngir design even for the same type of
service. Discussed below are some general desigoness related to combinatorial

procurement, followed by a presentation of the glesif the procurements studied here.An

overview of the design of the procurements stutiex@ is provided in Table 1.

3.1 Dead Lock

To make sure that there will be no “dead-lock” wiadincating the contracts, a bidder can be
obligated to place a stand-alone bid for every ramttincluded in one or several package
bids. Following Lunander and Lundberg (2012b) tbés be illustrated with an example.
Assume that the procurement auction consists ektbontracts (C1, C2, C3).Assume further
that two bidders submit each a package bid. Tisé bidder bids a package of {C1, C2} and
the second bidder bids for package {C2,C3}. As bbitiders have included C2 in their

package there will be an unsolved allocation oftiamts (the dead lock). The solution to this



problem is to require that there should be a stdade bid for every contract that is part of

any package of contracts. In all of the auctionglisd here this was required.
3.2 Predatory bidding

Another strategy that may be used by global biddets submit excessively high stand-alone
bids with the aim to shut out local bidders frone tompetition. Let us again illustrate this
with an example. Assume that the bids from thellbadders, in contrast to a global bidder,
will not cover on all contracts (e.g. capacity doaisits) then the global bidder may apply
predatory bidding in the form of extremely highr&taalone bids on every contract in a
packagebid which comprises all contracts in theléenThis will imply a very high discount

and will effectively prevent its package bids fréaeing outperformed by its own stand-alone

bids in combination with the bids from the locadlthérs.

One way to deal with this problem is to restrict tumber of contracts allowed in a package.
This is preferable if the procurer lacks informatiabout which of the contracts the local
bidders are likely to refrain bidding férAnother option is to restrict the size of the nmanim
discount allowed in a package bids. This createsntives for the global bidder to submit
lower stand-alone bids. The obvious drawback wdthtoptions is that the procurer may not
be able to fully exploit potentially substantiahgygies in large package bids. Restrictions of
this kind are applied in seven of the 13 procuremstudied here. The bidders were however

free to choose which contracts to combine in a pgek
3.3 Option to Express Capacity constraints

The option for the bidders to express capacity tamts can be used to increase the bidders’

ability to bid on many contracts without the riskbeing allocated more contracts than they

2 If the procurer has such information these cotgrean preferable be procured in a separate pnoeure
auction.



can handle in terms of capacity. Another reasoapigly capacity constraints are that it can

reduce the risk for collusion as it makes it harfdeipotential bidders to divide the market.

Bidders can be allowed to express their capacityerms of number contracts or size of
contracts in terms of value or volume. In the dsdtalied here capacity constraints in formof

guantity or value is found in five out of the 12purements.
3.4Award restrictions

If the procuring authority for some reason fearutuife declining market it can use award
restrictions. As such it can seek to ensure theaetis more than one potential bidder in future
procurements. This can be motivated if the proguanthority is a dominant buyer but it
most likely comes to the price of higher costs sittice bidders’ opportunity to express
synergies is reducedhe first procurement of internal regular cleansegvices is the only

procurement in the data where the design includealraard restriction.
3.5Lowest price or EMAT

Being a part of the European Union (EU) Swedistcpriog entities have to follow the EU
procurement directives (2004/17/EC and 2004/18/B&)such there is a choice between two
award principles. Contracts can either be awar@desed on price only and then takes the form
of the standard first-price sealed bid auction.i@ratl contacts can be awarded based on the
principle of economically most advantageous teiiB&AT). The lowest price principle (LP)
can of course be combined with technical specifioat mandatory requirements and contract
conditions that target quality dimensions. Thialso the case for EMAT but in addition, bids
are at least two-dimensional and evaluation is daseboth price and one or several quality
dimensions. The choice of principle is made ongrecurement level so the same principle

applies for all contracts auctioned in one andstimae procurement. EMAT is applied in eight

*This is a rule that is not unique for the combimalanechanism.



of the procurements in our data. See e.g. Verdé€z@03), Chen (2008), Mateus et al (2010),
Telgen and Schotanus (2010) and Bergman and LugdB6d.1) for more on scoring rules

and the principle of EMAT.

The procurements studied varied in other dimensisunsh as quality requirements and
contract period but these are not considered iaildes dummy variables for type of service
procured will be used in the empirical analysis.aWhelevant, the standard errors will be

adjusted for clusters where each procurement auctjoresents a cluster.
3.6 Overview of the procurements studied

The empirical analysis builds on bid level datarfrd3 different procurement auctions of four
different types of public services; internal regutdeaning services, road pavement, bus
routes, and provision nursing home care for theergld The timing of the procurement

auctions goes between 2003 and 2010. The numbeordfacts auctioned in one and the
same procurement range between 4 (elderly carej}2ifohternal cleaning services). Bidders
were free to compose the packages in terms of wbliglcts to include in a combinatorial

bid. This is a difference to e.g. the procuremetsus routes in London studied by Cantillon

and Pesendorfer (2006).

As displayed in Table 1 all of the procurementsligtd here applied a design that prevented
the dead lock problem, that is, bids on packagesthae followed by stand-alone bids. In
seven out of the 13 procurements prevention of gioey pricing was applied. The bidders
had the opportunity to express capacity constramfs/e of the procurements. The capacity
constrain could either be expressed in quantitp$e(Q) or in terms of total value of contact
(V). Quantity capacity constraints is the mainlyside, given that capacity constraints are
used. A restriction on the maximum number of cangghat could be awarded to one bidder

was only present in one of the auctions (intertedring services) and the maximum number



of contracts that could be awarded to one biddes thaee out of seven. Contracts were

awarded based on the lowest price principle in fikecurements.

The procurements of internal regular cleaning sewviwere performed by three different
procuring entities in Sweden. The first two (Clewnil and 2 in Table 1) were organized by
two municipalities in mid-Sweden. The third one waganized by the Swedish Social

Insurance Agency and consisted of all its localtes.

The six road pavement procurements were organiyethd Swedish Road Administration

(SRA) and more specifically the mid-Sweden area.d&played in Table 1 the SRA set a
limit as to the maximum number of contracts to hiawva package bid. In addition to this there
was also an upper limit on the maximum discoura jpackage bid. For the first three years

the discount was 20 percent and then lowered foei€ent for the next three years.

The bus route procurements include one procureaugetton from the Varmland region and
two procurements from the Skane region. Potentippkers could freely compose package
bids and in addition they could declare the maximurarall volume they were willing to

undertake. In the Varmland procurement the potestippliers could express their capacity
constraint in terms of the number of kilometers andthe Skane procurements it was

expressed in terms of number of available buses.

The procurement of nursing home care for the gldeds organized by a municipality in the
north of Sweden (Ostersund). Two of the contractsewexcluded from being a part of a
package bid and there was an upper limit on theodist set to five percent. Potential
suppliers could express capacity constraints bicatithg the maximum number of contracts

they were willing to undertake.
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Table 1. Overview of the design of the procurenamtions studied.

Type of Year Number of Dead lock Predatory pricing prevention Capacity constraints (Q for Award Evaluation
service contracts prevention (Restricted number of contracts) quantity and V for value) restriction principle
Cleaning 1 2005 7 Yes Yes (3) Yes (Q) Yes (3) LP
Cleaning 2 2006 9 Yes No Yes (V) No EMAT
Cleaning 3 2007 42 Yes No No No EMAT
Road 1 2005 17 Yes Yes (5) No No EMAT
Road 2 2006 8 Yes Yes (4) No No EMAT
Road 3 2007 9 Yes No No No EMAT
Road 4 2008 9 Yes Yes (3) No No EMAT
Road 5 2009 7 Yes Yes (3) No No EMAT
Road 6 2010 9 Yes Yes (5) No No LP
Busl 2003 34 Yes No Yes (Q) No LP
Bus 2 2003 6 Yes No Yes (Q) No LP
Bus 3 2004 12 Yes No Yes (Q) No EMAT
Care 2008 4 Yes Yes (3) No No LP
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Table 2. Outcome and contract allocation by typseo¥ice.

Service No of No of Noof No of bidders No of single bids No of packages No of winners Naltocated contracts
contracts bidders global submitting a
bidders package

Min Max Mean Min Max Mean All By By By By

(uniquefirm singlebi packagebidssinglebids packagebids

S) ds
Cleaning 58 33 3 16 1 42 8.93 1 56 11.14 7 4 3 10 8 4
Cleaning 1 7 6 2 3 7 5.86 10 56 29.00 3 1 2 1 6
Cleaning 2 9 14 2 6 4 9 8.57 1 8 3.00 3 3 0 9 0
Cleaning 3 42 21 3 11 1 42 10.91 1 25 7.45 1 0 1 0 42
Road 58 9 4 7 1 17 7.95 1 33 11.00 5 1 5 13 45
Road 1 17 8 4 6 5 17 1429 10 33 18.83 5 4 4 5 12
Road 2 8 8 4 7 2 8 6.00 1 14 6.00 2 2 2 2 6
Road 3 8 6 4 6 3 9 7.17 2 30 10.50 3 1 3 1 7
Road 4 9 5 4 4 4 9 7.20 3 17 10.50 3 2 3 2 7
Road 5 7 6 4 4 1 7 5.33 2 26 8.75 3 1 3 2 5
Road 6 9 5 4 2 3 9 7.00 2 22 12.00 3 1 2 1 8
Bus 52 29 3 13 1 33 5.61 1 31 5.47 16 11 6 28 26
Bus 1 34 22 3 8 1 33 5.41 1 31 9.14 11 11 2 23 11
Bus 2 6 8 2 7 1 6 3.63 1 8 2.71 4 3 1 3 3
Bus 3 12 2 5 5 12 9.00 1 8 4.20 4 0 4 0 12
Care 4 6 3 2 2 4 4.00 2 2 2.00 1 2 2
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The outcomes of the auctions are displayed in TablEhe main focus of this paper is how
the bidders respond to the design of the combiiatauction and number of packages
submitted. As such prices (bids) are not includedable 2* In total 78 unique firms are

identified in the data and 33 of them are obseiwelthe cleaning service data, 9 in the road
pavement data, 29 in the bus route data, and Beiptocurements of nursing home care for
the elderly. All in all some of these 78 unique dads participated in more than one
procurement (1.6 procurements on average) givingtal of 123 observations on the firm

level.

The number of bidders varies substantially withimd aver the type of services procured.
Within the cleaning service procurements the nunabdyidders varies between six and 21,
and overall it varies between five and 29. Notd tha number of bidders figure regards the
number of bidders on the procurement level whiah differ from the number of bidders on
each contract.Following the work of Chernomatz badin (2011), Kagel and Levin (2005),
Maskin and Riley (2000), and Krishna and Rosenth@96) bidders are identified as global
or local. Global bidders are firms that operateaamatide in contrast to local bidders who
typically are identified as small and medium siZieohs. The internal cleaning service and
bus route procurements are the most fragmentedanitbverall share of global bidders from
14.29 percent (cleaning) and 13.64 percent (bugBt83 percent (the same figure for both
markets). The largest dominance of global bidderserms of participation is found in the
procurements of road pavement where they in twihefprocurements represent 80 percent

of the bidders.

Bidders submit on average between 2 and 29 pacKagesTable 2). The maximum number
of combinations can be found in one of the clearsegvice procurements. A total of 56

combination bids were submitted on the 7 contraxtluded in the procurement.The lowest

* See Lunander and Lundberg (2012b) for an overaidiscounts and price levels.
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number of packages submitted is found in the peroent of nursing home care for the
elderly. This is also the procurement where the lmemof auctioned contracts is the lowest.
The relationship between the numbers of contractstianed in one and the same
procurement and the number of package bids sulumgtélustrated in Figure 1. There is an
indication of a positive relationship between tb&ak number of packages submitted and the

number of contracts auctioned in one and the saomiEment.

Figure 1. Scatter plot of number of contracts anetd and total number of packages

submitted by auctiorl\l = 13.
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The distribution of the number of submitted packdmgés is displayed in Table 3 and

evidently there is an overrepresentation of biddeismitting no package bids or only one
package bid.Note that one bidder can submit sewaralbinations in one and the same
procurement. This explains why the product of tinst ftolumn and the frequency column

exceeds 123. Also, a bidder submitting no combnmedtbid in one of the procurements can
submit one or several packages in other procuresn@iie proportion of zeros is almost 40
percent and adding the ones makes more than hdtlieosample. The distribution has a
relative long right tail and 10 percent of the alvaions exceed 30 packages. This will have

implications for the empirical analysis.
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Table 3. Frequencies for the number of combinations

(ngrg];)inations Freq. Percent Cum. ’(\Itgrﬁ];)inations Freq. Percent Cum.
0 49 39.84 39.84| 14 2 1.63 86.99
1 15 12.20 52.03| 15 1 0.81 87.80
2 9 7.32 59.35| 17 3 2.44 90.24
3 7 5.69 65.04| 22 1 0.81 91.06
4 5 4.07 69.11| 25 2 1.63 92.68
5 3 244  71.54| 26 2 1.63 94.31
6 2 1.63 73.17| 28 1 0.81 95.12
7 1 0.81 73.98| 30 2 1.63 96.75
8 3 2.44 76.42| 31 1 0.81 97.56
9 4 3.25 79.67| 33 1 0.81 98.37
10 4 3.25 82.93| 34 1 0.81 99.19
11 3 244  85.37| 56 1 0.81 100.00
Total 123 100.00

The average number of submitted stand-alone bidselation the average number of
submitted packages indicates a relative large tiani@among bidders in their composition of
packages. As displayed in Figure 2 there is ingioabf a positive correlation between the

number of package bids and stand-alone bids sidamitt

Figure 2. Scatter plot of the number of packages laidd stand-alone bids submitted (N =

123) by each bidder in the 13 procurements.
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Package bidding seems to be a key to success aimmbear majority of all contracts are
allocated based on the package bids. The excepsioone of the cleaning service
procurements in which all contracts were allocdtaeded on stand-alone bids. The average
proportion of contracts won per bidder is accordimghe figures in Table 4 11 percent. The
average proportion of contacts allocated basedandsalone bids and combinatorial bids are
4 and 6 percent, respectively. The same figureslistiibuted on the 49 winners in the data
translate to 27 percent of the contracts overéllpércent based on stand-alone bids and 16
percent based on combinatorial bids. Accordingheodescriptive statistics global bidders are
to a greater extent than local firms awarded cotdrbased on combinatorial bids while this

relationship is the opposite for awards based amdsalone bids.

Table 4. Descriptive statistics, proportion of cants won by all bidders
and by winning bidders, respectively.

Variable Obs. Mean Std. Dev. Min Max
All bidders

All bids 123 0.11 0.19 0.00 1
Stand-alone bids 123 0.04 0.10 0.00 0.67
Combinatorial bids 123 0.06 0.16 0.00 1
Winning bidders

All bids 49 0.27 0.21 0.03 1
Stand-alone bids 49 0.10 0.13 0.00 0.67
Combinatorial bids 49 0.16 0.23 0.00 1
All bidders Global firms

All bids 41 0.17 0.22 0 1
Stand-alone bids 41 0.04 0.06 0 0.18
Combinatorial bids 41 0.13 0.23 0 1
Winning bidders Global firms

All bids 23 0.30 0.22 0.06 1
Stand-alone bids 23 0.07 0.07 0 0.18
Combinatorial bids 23 0.23 0.26 0 1
All bidders Local firms

All bids 82 0.07 0.15 0 0.71
Stand-alone bids 82 0.04 0.11 0 0.67
Combinatorial bids 82 0.03 0.11 0 0.71
Winning bidders Local firms

All bids 26 0.23 0.20 0.03 0.71
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Stand-alone bids 26 0.13 0.17 0 0.67
Combinatorial bids 26 0.10 0.18 0 0.71

Based on Figure 3and the left graph the distrilutd winners seems not to be correlated
with the number of contracts auctioned. If somaghthe number of contracts and distribution
of winners is negatively correlated. Further, bagedhe right graph in the same figure there
is visually no clear relationship between the shaecontracts allocated based on package

bids and the total number of contracts that wentianed in one and the same procurement.

Figure 3. Allocation of contractsl=13.
Share of winners by contracts and number $hare of contracts allocated based on package

contracts auctioned bids and number of contracts auctioned
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4. Empirical analysis

The strongest incentive for a procurer to apply tiaglitional approach, that is to divide a
procurement auction into separate contracts withlighbidding on each contract, is that few
suppliers — or sometimes none of them — would hlgeapacity to complete the assignment
if aggregated into one larger contract. Dividing tlarge contract into smaller contracts is
believed to increase the competition from small amedium-sized suppliers with limited

capacity. This is advantageous for both the supphel the procurer as long as the supplier’s

17



costs for undertaking one or more of the partshef grocurement are independent of how
many contracts they are awarded: that is to sathefsupplier’s unit price per contract is

nearly constant up to a certain volume.

When simultaneously bidding on several contradtedalace, a supplier’s cost for fulfilling a
specific part of the tender can depend on the nuiabe volume of the contracts awarded. In
such a situation, a supplier choosing to bid oressvcontracts of the tender faces more
complex strategies than in the cases where the obslifferent contracts are independent of
each other. It now becomes decisive how, and td ekt@nt, the supplier has an opportunity
in the bidding process to convey that the sup@iedsts, and consequently the prices offered,

depend on how much of the tender the supplier ercded.

Here, the decision of potential bidders to enteaaction or not is assumed to be a function of
the design of the auction in terms predatory pgciprevention, presence of capacity
constraints and award restrictiodegign). It is also a function of the number of contracts
auctioned in one and the same procuremennttiacts), award principle gmat), the expected
number of competing biddersofnpetition), and if the potential bidder is a global or local
bidder ¢ype) and some other procurement and contracts chasditte Q). A potential bidder

i:s decision to enter a procurement auction is atfon
(1) Entryg; = f(design] 5, contractsy, period,, extensiong, ematg, type;. Qq)

A potential biddei will enter auctionaif the expected profit from doing so is hon-negativ

that is:

(2) Explmg;) 20

or expressed in another way, if the expected pfadih doing so ¥:a:) increases the profit

from not doing S0%ea: ):
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(3) Explm, ;) = Explng,;:) or

(4) Prls1a; — £0a:il < -";::(181 — Ba)

Here,x is a vector of the variables that are assumedféatehe expected profit and thereby
the entry decision as well as the decision whiafitreets to bid on and how many and which

combination bids to submit.

More specifically, the expected profit is assumeddé a function of the number of stand-
alone bids submittedstendalone), the number of combinations submittedntb), the size of
the combinations submittediZe comb), the cost for completing the contracty, (and the

degree of competitiorc@mpetition).

(5) Exp(mai) = f(OstandaloneZ ai, TcombT,ai, Csize combD,ai,c ai J[Prob i wins|competition

The same variables as in expression (5) will aterathe likelihood of bidderto be a

winner in procurement auctian

The aim of this paper is to explore empiricallyded behavior in terms of the determinants of
the number of combinations submitted conditionathat the entry decision is made. Further,
the analysis will also include the determinantshef probability of bidder being a winner.
The analysis will be performed in an elaborativenne without the ambition to solve the
complex bidding strategy problem. In doing so biddsre assumed to first decide to enter the
procurement or not. Secondly, bidders are assumédentify the individual contracts they
are interested in. After that, they are assumedeitide if they will settle with submitting
stand-alone bids only or include all or some ofc¢hatracts in packages. Given that a bidder
has decided to submit packages it has to decidauimder of packages and the composition

of each package.
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Given that we observe bidders who have decidedter et least one combinatorial auction
we explore the determinants of the number of subdhippackages, the effect of the behavior
of bidderi in procurementa on the probability that bidder is an overall winner in
procurement, winner with at least one package bid, or winnéghat least one stand-alone
bid. Further, the share of contracts won by bidaoteprocurement is estimated using variables

the describe bidder behavior and procurement ctearsiics.

Here, the number of combination bids submitted idgéri in procurement auctioa, Vai, is

a count dependent variable that isi: € Yo = {0.1.2,, ..}, Since over-dispersion is quite
common when the outcome is a count the negativentiad model will be used, although
results from Poisson and ordinary least squareessgn also will be presented. The density

function for the negative binomial regression madel

Fi) Fya + 04.) Pa; )@f- L Aai )H:.
Vo) = P
(6) S al F{wﬂ:}fﬂ(}.ﬂ: e 1] 15: ¥ {_ﬂﬂi 1‘1: + wa; and

(7) SAai = exp(xZ,ai™ f ) and

(8) ¥ai G)”E where

I is the Gamma distributiory >0 is an over-dispersion parameter adads an arbitrary
constant. The mean is Elvalegl=4.; and the  variance is
Var(yai |x ai) = 4jai + 4alai’(2 — k) | Herek will be set to zero. 1=0 the model is

the Poisson model. Two different specifications wifill be used:
Xqi = x1g5; = (Comp, stand — alone, contracts, design, emat, type, global)

Yai = X25; = (Comp, stand — alone, contracts, design, emat, type, global, I1,12)
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That is, the probability of an event (the numbercombination bids submitted) is estimated
using the degree of competition, the number ofdsone bids submitted in procurement
the number of contracts auctioned in procurenagtite design as described by two variables;
a dummy variable if a predatory pricing preventiae is used (yes = 1) and a dummy
variable that takes the value one if there is samethat allows bidders to express capacity
constraints and a dummy variable that takes theevahe if bids are evaluated according to
some scoring rule under the EMAT principle. In &adi to this a dummy variables for the
type of service procured (nursing home care forelderly care is the reference category) and
a dummy variable that takes the value on if thedéids a global bidder is included. The
second specification follows the first but with tadditional variables. Here, a potential firm
type effect of the design of the auction is expdovgth two interaction variabledl is an
interaction variable between global and the pregapoicing dummy variable antR is an

interaction variable between global and the capacihstraint dummy variable.

Based on the distribution of number of combinatdrids submitted illustrated in Table 3 we
should expect over-dispersion in the dependentabkiFollowing Cameron and Trivedi

(1990; 1998) we test for over-dispersion by an lgaryiregression of the generated dependent

{(Cﬂmb - ft'j: — comb}

variable u on & excluding the constant and then perfornt-tast of

p=o,

The probability that a biddeis a winner in procurement auctians estimated according to:

. ? exp(f'x34;)
Prli winshx3g] = A(B x34;) = |
© r[i winslx3,;] (B'x3q;) 1+ exp(B'x3q;i)
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and1 is the cumulative distribution function. Here includes variables for the degree of

competition, the number of contracts auctioned, lmemof stand-alone and combinatorial
bids, respectively, submitted in auctiarby bidderi, and type of firm (global firm or not).
With a correlation coefficient of 0.41 the inclusiof the number of combinatorial and stand-
alone submitted by the same bidder in the sameupgotent is unproblematic. Procurement
characteristics are also included as controls. &laes evaluation methodn(at) and type of
service procured (elderly care is the referencegmal). Expression (9) is estimated using
three different specifications of the event vamalfFirst the probability that bidderis a
winner in a procurement auctiam is estimated without the type of bid (stand-almie
package bid) considered. Second, the probabiay bidder is a winner in procuremeiat
with at least one package bid is estimated andlyitiae probability that wins ina with at

least one stand-alone bid is estimated.

With the ambition to better describe the path tocceas without consideration of the ranking
or the relative monetary size of the bid (standyalor package) the probability of the share of

contracts won, overall, by combinatorial bids agdtand-alone bids is also estimated.

The determinants of share of contracts won isdrkas proportions data and the dependent
variable is the proportion of contracts won, ovenaith package bids, or stand-alone bids
respectively. The hypothesis to be tested is thahthe share of contracts won by bidder
procurement auction is positively affected by the number of packagd atand-alone bids

submitted.The relationship between bidder behaaod the share of contracts won is
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explored with the minimum chi squared estimator &} which is generated with weighted

least square. The inverse of the logistic funcison

logpg; : ,
—=a+ x4 ;5 v wg Ve + a;
(10) 1 —Pa; : arar e where
1
Elsyl = 0 andVARls ;] =
(11) (ea,] n la:] contracts,; pa;{(1 — py;)

where p, is the number of contracts won by biddarauctionain relation to the total number

of contracts auctioned in auct@@and p, D[O,l] and*? is a vector that includes the number

of combination bids and stand-alone bids subméiedl a dummy variable for global bidders.
The estimation of equation (10) is performed in steps. The first step generates predicted

probabilities equal to

_ -~ P 1 fj -
~ Exp(af x4, 5 ﬂ»‘a_-]-’a:)

Pa: =

14 = Al @S
1 e:{p(af x4, B w 5 Vai

12) ) where

(13) w,ai'j = Pr[¥,ai’j = jlx,ai 4]
is the estimated probability that biddenns a contract in auctiom Expression (13) is in turn

are used to generate the analytic weights (theastd variances)

j 1
o =

(14) contractsgiMg; (l — .1,5[;) .

Here the logit model is applied anrt([) is the logistic cumulative distribution functiérithe

second step proceeds with estimation of equati8phl{adsed on the analytic weights generated

® The probit model can also be applied and the estidvariance is them = (&, @- ;) /ng whereo is the
standard normal cumulative distribution function.
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in the first step by equation (14). The use of @maleights is due to that the weights are

dependent on unknown parameters. See Greene (2003).

5. Results

Negative binomial estimation results from the regien on the number of combinatorial bids
submitted using the two specifications presentedvabare presented in Table 5. For
comparison results from ordinary least square esjpa is also included as well as the
outcome from the Poisson regression although ibraaeg to the test is clear evidence of
over-dispersion which suggests that the results fitte negative binominal to be trusted. The

standard errors are adjusted for 78 clustersmm. fir

Primarily the results of negative binomial regreaswill be commented upon, starting with
the specification in which the interaction variabblae not included (two first columns under

each estimation approach).

According to the findings the number of packagesnstied is negatively affected by the
number of bidders on the procurement level. Basethe positive and on the 7 percent level
significant coefficient for global firms a cautiousterpretation is that the number of
combinations submitted is positively affected bg tumber of global firms participating and
that a higher number of bidders is mainly explaibgdthe entrance of small and medium

sized firms.

The design of the combinatorial auction seems teehao impact on the number of
combinatorial bids submitted since none of the ficehts for capacity constraints or
predatory bidding is significant. The award metmodtters for the number of combinations

submitted.

The probability of a higher number of combinatiadsbsubmitted is lower when the bids are
evaluated according to some scoring rule underptimgciple of EMAT. It could be that

24



understanding the scoring rule is complex enougbafimg higher transaction costs) which
limits the bidder’s willingness to bid package bidgerms of number of combinatorial bids

submitted when this principle is applied.

As one can expect the number of contracts (or td)jemuctioned in one and the same
procurement has a positive and significant effecth@ number combinatorial bids submitted.
Further, a higher number of combinatorial bids sileth are expected when the number of

stand-alone bids is high.

All things equal, the coefficients for the typesa#rvice procured suggest the probability of a
higher number of combination bids to be more likelyprocurements of road pavement

compared to nursing home care for the elderly.

The findings are in general stable for the typeegression method and specification used.
There is one important exception and that is theffmeent for the type of firm.
Thecoefficient forGlobal is positive and significant but only in the negatibinomial
regression without the interaction terms. The éfisclost when the interaction between
capacity constraints and type of firm and predagmiging prevention and type of firm are
included in the model. There is however no firmetygpecific effect of the design of the

auction. None of these coefficients are significant

The results from the logit regressions are presemteTable 6. The first three columns
represents the results when the probability thaddwii is a winner in procurement auctiars
estimated. The three following columns represehts findings when the probability of
winning with one or several combination bids idreated and finally the three last columns
to the right represent the estimation of the prdlglof winning with at least one stand-alone

bid. Note that the standard errors are adjusteth®d.3 clusters in procurement auction.

25



Somewhat surprisingly the only significant efferh competition is found in the estimation
of the probability of winning with a stand-alonedband the direction of the effect is also
somewhat surprising, the more bidders the higherptitobability of winning with a stand-

alone bid. One additional bidder leads to relatdels of winning that are 1.23 times what
they were before the increase in competition deghdéso, the marginal effect of increased

competition corresponds to a 0.03 higher probataitwinning with a stand-alone bid.
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Table 5. Results. The dependent variable is the eruwibcombinations. Standard errors are adjusted8clusters in firm.

OLS Poisson Negative binomial
Variable Coef. t Coef. t Coef. z Coef. Z Coef. z Coef. z
Competition -1.50 -3.18 -1.46 -3.52 -0.21 -435 -020 -424 -0.21 -3.76 -0.21 -4.13
Contracts 0.78 335 0.77 357 010 325 010 322 0.08 233 0.08 2.54
Capacityconstraints 14.732.89 1531 3.00 244 349 273 357 082 088 0.74 0.93
Predatory pricing prevention 0.130.05 283 059 -0.11 -050 035 076 -0.06 -0.17 0.01 0.03
Emat (yes=1) -6.13-2.20 -5.40 -225 -0.62 -255 -0.52 -2.05 -0.89 -2.43 -0.89 -2.58
No ofsinglebids 050 3.04 042 225 008 466 007 260 011 313 0.11 3.09
Eldelrycare Reference
Bus -11.99 -2.26 -9.33 -1.78 -0.14 -0.13 -001 -001 168 1.34 1.66 1.55
Cleaning service -0.09-0.02 191 034 139 149 137 138 297 291 29 2.89
Road pavement 838279 790 278 312 455 3.08 452 335 534 336 5.05
Global (yes=1) 1.16 052 6.60 1.13 019 063 095 138 057 212 0.24 0.43
Global * Capacityconstraint - - -6.53 -1.13 - - -0.66 -1.45 - - 024 0.43
Global * Predatory pricing - - -441 -0.77 - - -062 -1.14 - - -0.12 -0.28
Constant 364 126 058 0.16 -0.79 -122 -137 -184 -106 -1.47 -1.03 -1.59
Lnalpha 0.34 0.33
Alpha 1.40 1.40
Numberof obs 123 123 123 123 123 123
F(10,77), F(12,77) or Wald 12.50 18.63 210.44 223.63 137.87 192.42
Chi2(10), (12)
Prob> F 0.00 0.00 0.00 0.00 0.00 0.00
R-squared 0.43 0.44 0.43 0.44
Log pseudolikelihood -483.87 -476.39 -278.92 -278.77
t-test over-dispersion 4.40 3.58
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According to our findings the probability of beiagwinner overall or a winner with a stand-
alone bid is negatively affected by the number afitacts auctioned in one and the same
procurement. This has however no effect on theabibiby of being a winner with a package
bid. Looking at the odds ratio, a one-unit increas¢he number of contracts leads to the
relative odds of winning or winning with at leasteostand-alone bid that are 0.92 and 0.89
times what they were before the increase, respagtihA one unit increase in the number of
contracts auctioned in the same procurement lea@ds@.02 decrease in the probability of

winning.

The number of combination bids submitted by a hidugs according to our findings no
significant effect on the probability of being anwer or a winner with a stand-alone bid.
There is on the 6 percent level a positive andifsogimt effect on the probability of being a

winner with a combination bid from the number ofrddnation bids submitted.

Compared to the reference category for type ofiserwursing home care for the elderly it is
all things equal, a little bit more difficult to wiin procurements of cleaning services but
easier in procurements of bus routes or road pavemd three coefficients for the type of
service indicate tougher winning opportunities wateombination bid for all type of services
compared to the reference category. The odds raidisate greater changes in odds for
winning overall than winning with a package bid.eTpattern for the probability of winning

with a stand-alone bid is the same as the pattertné overall winning probability.

If we allow ourselves to play with the idea thdiren in the bus industry could instead make a
bid in a tender for nursing home care for the &ydeicreases the probability of winning by
0.36 while the probability of winning at least os&nd-alone bid increases with 0.23.The

same conjecture applied to the asphalt companms shsimilar pattern. A shift of business
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from internal cleaning services to nursing homeadar the elderly would lead to a 0.31

decrease in the probability of winning with at lease combinatorial bid.

Table 6. Results, logistic regression. Estimategffecients, odds ratio and marginal effect.
Marginal effects are evaluated at the mean. Stdretaors are adjusted for 13 clusters in

procurement auction.

Dependent winner Winngr by Winner by stand-alone

combination bid

Odds Odds Odds
Variable Coef. z ratio Coef. z ratio Coef. Z ratio
Competition 0.07 1.05 1.07 -0.11 -1.36 089 0.21 239 1.23
Contracts -0.07-1.84 0.92 -0.02 -0.33 0.98 -0.11 -2.34 0.89
Emat (yes=1) -0.26-0.58 0.77 -0.02 -0.02 098 -0.55 -1.28 0.58
No of stand-alone
bids 0.06 165 106 0.09 1.19 110 0.06 141 1.07
No of
combinations 0.06 1.64 1.06 0.09 190 1.09 -0.01 -0.50 0.99
Elderly Reference
Bus 1.60 3.36 497 -3.15 -1.93 0.04 152 4.77 4.57
Cleaning service -0.78-1.24 0.46 -5.50 -2.72 0.00 -0.39 -0.46 0.68
Road pavement 1.091.65 299 -340 -1.74 0.03 175 353 5.76
Global 0.07 0.13 1.08 -0.17 -0.28 0.85 0.33 044 1.39
Constant -1.42-401 024 251 195 1225 -3.03 -6.29 0.05
Correctly classified (%) 70.73 86.99 78.05
Number of obs 123 123 123
Wald chi2(9) 189.73 214.86 870.03
Prob> chi2 0.00 0.00 0.00
Pseudo R2 0.21 0.39 0.13
Log Pseudolikelihood -65.70 -42.38 -59.15
Marginal effects
Competition 0.02 1.09 -0.01 -1.13 0.03 3.24
Contracts -0.02 -1.97 -0.00 -0.35 -0.02 -3.16
Emat (yes=1) -0.06 -0.58 -0.00 -0.02 -0.08 -1.22
No of stand-alone
bids 0.01 1.67 0.01 1.70 0.01 1.40
No of combinations  0.01 1.67 0.01 1.56 -0.00 -0.49
Elderly Reference
Bus 0.36 3.36 -0.31 -1.44 0.23 4.13
Cleaning service -0.181.27 -0.54 -1.90 -0.06 -0.48
Road pavement 0.251.65 -0.34 -1.32 0.26 2.83
Global 0.02 0.13 -0.02 -0.30 0.05 0.44
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There is no significant difference found betweeobgl and local firms in their opportunities
to win at least one contract overall, win with aast one combinatorial bid or at least one

stand-alone bid.

Although the method for bid evaluation, lowest prir EMAT had an impact on the bidder
behavior in terms of the number of combination ddbmitted it has no significant effect on
the overall probability of winning, winning with package or a stand-alone bid. This is
expected, the award method should not, all thingglk have an effect on the winning odds,

but as it is a characteristic of the procuremeistimcluded in the model.

The pseudd? values, probability values and percentage of ctlyrelassified events suggest
the models to be fairly accurate with the highegtianatory power and percentage of correct
classifications for the model where the probabilifywinning with a combination bid is

estimated.

The results from the regression of the determinahthe share of contracts won, won by
combinatorial bids and stand-alone bids, respdgtiage presented in Table 7. The degree of
competition has a negative and significant effatttlte share of contracts won overall and
share of contracts won by stand-alone bids butignuifieant effect is found with respect to
combinatorial bids. Overall the marginal effect.{®) is significant. On a ten percent level
the share of contracts won and won with combinakdsids are positively affected by the
number of combinatorial bids submitted. The margietiects are also significant. The
number of combinatorial bids submitted has no logaoin the proportion of contracts won by

stand-alone bids.

The probability of winning with at least one packag negatively related to the number of
stand-alone bids submitted. The marginal effecttimn probability of increased share of

contracts won by combinatorial bids of submittimge@dditional stand-alone bid is 0.25.
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Table 7. Results, Weighted least square regresSgimmated coefficients, odds ratio and
marginal effect.Marginal effects are evaluatechatrhean.

Share of contracts  Share won Share won

Dependent won by combination by stand-alone

Odds Odds Odds
Variable Coef. t ratio Coef. t ratio Coef. t ratio
Competition -0.08 -3.84 0.92 0 -0.12 1.00 -0.08 -3.04 0.9
No of stand-alone
bids 0.01 033 1.01 -0.12 -2.65 0.89 0.01 042 1.01
No of combinations 0.02 1.94 102 0.02 181 102 0.02 113 1.03
Global 0.08 028 1.09 045 143 158 -0.33 -0.82 0.72
Constant -0.90 -2.67 041 -0.46 -1.16 0.63 -1.12 -2.82 0.32
Number of obs 48 30 38
F(4,43);(4,25);(4,33) 7.66 3.39 3.12
Prob F>0 0.00 0.02 0.03
R2 adj 0.36 0.25 0.19
Marginal effects
Competition -0.19 -3.65 -0.01 -0.12 -0.14 -0.56
No of stand-alone
bids 0.02 0.34 0.25 -2.55 0.02 0.41
No of combinations 0.06 1.92 0.05 1.81 0.05 1.13
Global 0.19 0.28 0.95 1.43 -0.60 -0.83

There is no significant difference between globat docal bidders with respect to the
probability of winning a greater proportion of tbentracts, overall, by package bids or stand-

alone bids.

The adjusted??’ values and probability values suggest the modelbet reasonably well

specified.
6. Summary and Conclusions

In this paper bidder behavior in terms of determisaof the number of combinatorial bids
submitted is empirically explored. The analysidésed on data on 13 multi-object public
procurement auctions of four different servicesaoiged by Swedish procuring authorities.

The analysis is elaborative without the ambitionsmve the complex bidding strategy
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problem but with the aim of contributing to the enstanding of the same. In the auctions
studied bidders had the opportunity to alongsidadalone bids submit combinatorial bids.
Any bid in a package had to be followed by a stalwhe bid. Simultaneous bidding was
applied. The auctions vary in their design withpexg to rules governing e.g. restrictions on
the number of objects that was allowed in a packag® opportunity to express capacity
constraints. Based on the data the questions athlz to what extent potential supplier use
the option to submit combinatorial bids and if @iecation of contracts can be explained
with the composition of stand-alone and combinatohids. Besides the design of the

different auctions the type of bidder, global aczdbwas also controlled for.

According to our findings the degree of competitleas a negative impact on the number of
combinatorial bids submitted. This is most likelypkined by the fact that an increase in
competition degree dominated by additional loaah§ entering the auctions. Local firms are,
namely, found to a lesser degree than global fisnbmit combinatorial bids. More
combinatorial bids are more likely in auctions withgreater number of contracts auctioned.
Bidders that submit many stand-alone bids are ikl to also submit many combinatorial
bids. This is a result that might seem trivial, bidders were free to compose the packages
and the same set of objects can constitute a lamgeber of different packages where the
bidder vary those in the package included objeetifip prices. The design of the auction in
terms of option to express capacity constraints pretlatory pricing prevention has no

significant effect on the number of packages sutewchit

The findings also give at hand that the probabitypecoming a winner overall or a winner
with at least one stand-alone bid is negativelgtesl to the number of contracts included in
the auction. The probability of being a winner wahleast one package bid is higher the
greater number of packages submitted. The shaterdfacts won overall or by stand-alone
bids by a bidder is also negatively related todbegree of competition. A higher number of
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combinatorial bids submitted the more likely is thielder to win a larger share of the
contracts overall and by combination bids. Theral$® evidence of that a higher number of
stand-alone bid submitted is associated with a lqweportion of contracts allocated based

on combinatorial bids.
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