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ABSTRACT

We combine theoretical and empirical analyses to investigate the impacts of contractual requirements on bidding behavior and
competition in procurement auctions with endogenous entry. Our analysis demonstrates that contractual requirements affect
expected payoffs, influencing the equilibrium number of bidders and their bids under zero-profit conditions. Specifically, in
equilibrium, increased contractual requirements enhance competition by raising bidders' expected payoffs, while higher entry

costs reduce competition. Overall, a rise in entry costs results in elevated equilibrium bids. Under certain conditions, an increase

in contractual requirements raises equilibrium bids. Additionally, we emphasize the significance of enforceability in shaping

bidding behavior and, thus, in policy implementation. Empirical evidence from public cleaning services procurement in Sweden

supports the implications of our model.
JEL Classification: H57, D44, L51

1 | Introduction

The public sector, including government agencies and state-
owned enterprises, frequently engages with competitive mar-
kets through public procurement auctions for goods, services,
and works sourced from both private and public sectors.
Globally, approximately 13%-20% of gross domestic product is
allocated to public procurement purchases (World Bank 2020).
To protect the public interest, these purchases are regulated.
Procuring entities establish criteria that firms must meet to
qualify as bidders or when delivering the service, good, or work.
Regulations designed to ensure firm eligibility for public pro-
curement apply to all bidders, such as requiring proof of stan-
dards, quality, or characteristics of the firms, their operations,
or employees before contract allocation, regardless of the pro-
curement auction's outcome. These regulations on entry impose
costs on all bidders in public procurement. Moreover, procuring

entities may impose contractual requirements exclusively on
the winner of a procurement contract, focusing on standards,
quality, or characteristics related to delivery. The costs associ-
ated with these contractual requirements arise solely during the
production or service delivery phases. This study examines the
effects of entry regulations and contractual requirements on
bidding behavior and competition in public procurement.

In the context of endogenous bidder entry with positive entry
costs, participation in procurement competitions is motivated
by expected profit (McAfee and McMillan 1987a, 1987b). The
equilibrium number of bidders is determined by a zero-
expected-profit condition, where potential bidders enter the
competition until their expected payoff equals the entry cost.
This approach allows for comparative statics by examining how
changes in entry costs affect the equilibrium number of parti-
cipants. However, focusing solely on entry costs in models of
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endogenous entry overlooks the potential role of contractual
requirements in shaping expected profits. Procuring entities
may have secondary objectives, such as environmental or social
goals, which they pursue by enforcing specific requirements
during contract execution. These requirements affect bidders’
expected payoffs, making the impact of entry regulations,
together with contractual requirements, on competition in
public procurement less straightforward.

This paper presents a public procurement framework that
incorporates both entry regulations and contractual require-
ments. In this context, entry costs refer to the expenses that all
bidders incur to meet eligibility criteria before the tender phase,
while contractual requirements encompass additional costs
faced solely by the winning bidder during contract execution.
To our knowledge, this study is the first to analyze the impact of
contractual requirements on bidding behavior and competition
in public procurement with endogenous entry, addressing these
effects both theoretically and empirically.

We develop a reversed first-price sealed-bid auction with en-
dogenous entry and independent-private values. In this model,
the procuring entity announces entry regulations and contrac-
tual requirements, after which potential bidders decide whether
to incur the entry cost to participate. Bidders that choose to pay
the entry cost to submit their optimal bids. We find that entry
costs and contractual requirements impact competition in dis-
tinct ways. Higher entry costs reduce the number of partici-
pating bidders, raising bid levels as competition diminishes.
However, stricter contractual requirements increase the ex-
pected profits of contracts, attracting more bidders and en-
hancing competition.

With endogenous bidder entry, equilibrium bids adjust in
response to changes in the number of participants (Gupta 2002;
Estache and Iimi 2008; Amidu and Agboola 2009; Onur
et al. 2012). We show that increased entry costs indirectly raise
equilibrium bids by reducing the equilibrium number of bid-
ders, consistent with findings from McAfee and McMillan
(1987b). In addition, we find that higher contractual require-
ments induce direct and indirect effects on optimal bids. First,
the direct production cost of fulfilling these requirements raises
bids. Second, intensified competition among more bidders ex-
erts downward pressure on bid levels. For procuring entities,
this competition-driven reduction in optimal bids partially off-
sets the higher costs directly associated with stringent con-
tractual requirements. The overall impacts of higher contractual
requirements on equilibrium bids depend on the relative
strength of the positive direct effect versus the negative indirect
effect from increased competition.

Using empirical data from public procurement auctions within
the Swedish cleaning services sector, we assert that both con-
tractual requirements and entry regulations significantly influ-
ence competition and bidding behavior, aligning with the
predictions of our theoretical model. Adopting an instrumental
variable approach, we observe that average bids increase in
response to rising contractual requirements. Specifically, while
contractual requirements attract a greater number of bidders to
the market, thereby enhancing competition, the direct effect of
these requirements on bid levels outweighs the downward

pressure induced by the increased competition. Furthermore,
higher entry costs result in increased bids by reducing the
number of participants.

We further extend our analysis to examine the role of en-
forceability in public procurement. We argue that bidders base
their bids on enforceable contractual requirements rather than
on requirements that are merely desirable to procuring entities.
This implies that even stringent contractual requirements may
fail to achieve high-quality delivery of work and service if en-
forcement is lacking. Following Stern et al. (2003) and Laffont
(2005), we suggest that contractual requirements should vary
based on the regulatory capacity of procuring entities, even
when identical policy directives are in place. Specifically, enti-
ties with limited regulatory capacity’ should impose more
contractual requirements to help achieve their desired out-
comes. Despite its economic significance, the role of enforce-
ability in influencing bidding behavior and competition in
public procurement has been largely overlooked in the existing
literature.

This paper contributes to the ongoing discourse on the role of
regulation in serving the public interest. Since Pigou (1938),
regulation has been proposed as a tool to mitigate market fail-
ures.” However, empirical evidence of the economic impact of
regulatory policies remains mixed, despite theoretical critiques
(McChesney 1987; De Soto et al. 1990; Shleifer and Vishny 1993;
Turner et al. 2014). Djankov et al. (2002) present empirical
evidence showing that stringent entry regulations prolong the
entry process and deter potential entrants. Lundberg et al.
(2015) find that environmental criteria can influence competi-
tion and participation in public procurement, and the effects
vary by criteria. In a recent study, Drake et al. (2024) observe
similar contrasting effects, noting that requiring environmental
management systems generally reduces competition, while en-
forcing ecofriendly product standards tends to increase bidder
participation. While these studies evaluate the impact of various
procurement criteria, none differentiate between entry regula-
tions and contractual requirements based on which entities the
regulations or requirements target.

This paper also builds upon the auction literature, particularly
sealed high-bid auctions (Vickrey 1961; Myerson 1981; Milgrom
and Weber 1982) and is closely related to studies on endogenous
bidder entry in auctions, including Smith (1982, 1984),
Samuelson (1985), Mankiw and Whinston (1986), Engelbrecht-
Wiggans (1987, 1993), McAfee and McMillan (1987b), Levin
and Smith (1994), Moreno and Wooders (2011), and Amir et al.
(2014), along with empirical evidence (Meyer 1993), which fo-
cuses on entry regulations and associated costs. However, the
role of contractual requirements in public procurement remains
underexplored in the existing literature. This paper introduces
contractual requirements and their enforceability in a public
procurement auction setting with endogenous entry, investi-
gating the mechanisms through which contractual require-
ments and entry costs shape bidding behavior and competition.

This paper is organized as follows. In Section 2, we present a
reverse auction framework based on the independent-private-
values assumption and endogenous entry. Section 3 presents
our main theoretical results on bidding behavior and
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competition in equilibrium and conducts comparative statics
exercises regarding the equilibrium solution. Section 4 provides
a numerical example under the assumption of a uniform
probability distribution. Section 5 explores the model's impli-
cations using Swedish public procurement data related to
cleaning services. In Section 6, we discuss the role of the en-
forceability of contractual requirements. Conclusions are pro-
vided in Section 7. Proofs and empirical details can be found in
the appendix.

2 | The Model

Consider a first-price sealed-bid reverse auction in which a
procuring entity announces a single, indivisible public contract
to arbitrarily many potential bidders. Both the procuring entity
and the bidders are assumed to be risk-neutral.?

The procuring entity announces the call for tender and specifies
entry regulations that entail a fixed cost E > 0, and contractual
requirements represented by a € [1, o). These requirements
denote the quality level required to complete the contract and
apply solely to the winning bidder during contract execution.
Quality may encompass factors such as environmental impact,
social responsibility, or other value-adding considerations per-
tinent to the service, product, or work being procured. In es-
sence, a represents requirements above the basic functional
needs, pursuing superior quality with additional public value.
For example, in cleaning services procurement in Sweden, some
contracts require the winner of the contract to use products
with specific environmental labeling. To distinguish from reg-
ulations on entry, contractual requirements demand no initial
proof of compliance or investment.

This is an independent-private-values model (Milgrom and
Weber 1982) where ¢ is assumed to be identically and inde-
pendently drawn from a common probability distribution over a
finite interval. Specifically, we assume that the bidders are
symmetric, drawing their private costs from the same contin-
uous, differentiable cumulative distribution. F : [¢, ¢] — [0, 1],
with density f: [c, ¢] - Ry.. We adopt the standard regularity
condition* on the distribution F; that ¢ + F(c)/f (c) is strictly
increasing in c.

In practice, the delivery of any public service and goods relies
on public procurement to be highly, though not perfectly, cor-
related with contractual requirements (Bosio et al. 2022). The
enforceability of the contractual requirements is represented by
y € (0,1], capturing the extent to which the contractual
requirements stipulated by the procuring entity will be met. We
assume that there is always a positive probability that the pro-
curing entity could enforce the contractual requirements. If
y = 1, the contractual requirements are perfectly met. Thus, we
define the overall enforced contractual requirement as
B =a -y, where § € (0, ). Both y and a are publicly known
to all potential bidders, as is the enforced requirement S3.

Furthermore, we assume that identical levels of enforced con-
tractual requirements, 5, impose varying burdens on a hetero-
geneous population of bidders through a multiplicative cost
design, 8 - c. The parameter 3 reflects the sensitivity of private

costs to the imposed contractual requirements. This formula-
tion is motivated by scenarios where compliance costs scale
proportionately with firms' efficiency, as existing production
processes or operational efficiencies influence the ease of
adapting to these requirements. For example, if the contract
requires the use of a specialized machine rented by the hour, a
more efficient firm (lower ¢) with streamlined production pro-
cesses would need the machine for fewer hours, resulting in
lower total costs (3 - ¢) compared with a less efficient firm.

However, this assumption does not account for cases where
enforced contractual requirements disproportionately affect
firms regardless of their efficiency. For instance, efficient but
environmentally harmful firms might incur higher compliance
costs under strict environmental requirements than less effi-
cient but environmentally friendly firms.

This auction game among potential bidders unfolds sequentially
across three stages:

Stage 1. Entry Decision: In the first stage, potential bidders decide
whether or not to pay the entry cost E and participate in the
auction. For each potential bidder i € N, this decision can be
conveniently represented as a choice f; € {0, 1}, where t; =1
(t; = 0) represents the decision to pay (not to pay) the entry cost.
Consequently, the choices of all potential bidders in this stage are
represented by a sequence of zeros and ones, that is, t = {12,
where t; € {0, 1}. The subset of potential bidders who choose to
pay the entry cost is A, = t7}(1). Let n = #A, represent the
number of bidders who pay the entry cost in the first stage.

Stage 2. Receiving private cost: In the second stage, after paying
the entry cost, each bidder learns her private production cost ¢
fulfilling the contract without considering contractual require-
ments (McAfee and McMillan 1987b).°

Stage 3. Bidding: All bidders i € A; who pay the entry cost and
receive their private production costs submit bids b; € Ry
simultaneously and noncooperatively. In a first-price, sealed-bid
reverse auction, each bidder does not reveal her bid to any other
bidders. For any given vector of bids b : A; = R, the govern-
ment decides on the winner of the auction, which is the bidder
offering the lowest bid min;c,, b;.

3 | Bidding Behavior and Competition

Consider the decision of bidder i, whose private production cost
is ¢;. She anticipates that other bidders j # i € A, follow a
decision rule given by a monotonically increasing bidding
function B, and bid amount B(c;) when their private production
cost is ¢;. If she bids an amount b; and wins, the payoff is
b; — B - ¢; — E; otherwise, she pays the entry cost and the payoff
is —E. For a given bid b;, the probability of winning is
[1 — F(B7'(b))]""%, which is the probability that all other
bidders have private production costs ¢; such that B(c;) > b;. We
assume that bidder i does not know ¢; but is aware of the
probability distribution of production costs.

Each bidder i chooses a bid b; to maximize their expected
payoff:
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u=[b—B-alll - FB b)) - E. (€]
At a Nash equilibrium, we obtain each bidder's bidding strategy:

Jla-Feyax

B@=Flat = ey

, 1€ A;. (2)

Under the assumption that 8> 0, and F'(c¢;) = f(c;) > 0,
Y ¢; € [, €], it follows that B’(c;) > 0. This bidding function is

increasing, as assumed, and the calculation is included in the
appendix.

The bidder i's optimal bid b;(8, n) satisfies the following com-
parative statics property with respect to S:

ob;(B, n

obi(B. n) > 0. 3)
9B

Intuitively, each bidder i € A, increases their optimal bid in

response to an increase in the enforced contractual

requirements.

Facing the entry cost E, bidders will participate in the auction
as long as their ex ante expected is at least as high as the entry
cost. That is, the equilibrium number of bidders with entry is
determined by a zero-expected-profit condition. For each
i € A;, n = #A,, the ex ante expected payoff can be obtained as

c
= f bi@Bn) - B0 -FOI" ' f()de. 4

c
Let n*(8, E) represent the optimal number of bidders at the
symmetric Nash equilibrium under the zero-profit condition.®
Proposition 1. Given the entry cost, E, and the enforced
contractual requirements, 5, at a symmetric Nash equilibrium,

the equilibrium bid and number of bidders are presented as
follows:

ff(bi(ﬁ, n*(B, E)) = B - x)[1 = FO)"EE-If (x) dx = E,

©
(1 - PGy eHdx
bi(B3, n*(B,E)) = Blci + G T FeET | i € A.
©)

Proposition 1 demonstrates several important aspects of the equi-
librium in a first-price sealed-bid reverse auction with endogenous
entry. First, both the enforced contractual requirements, 8, and the
entry cost, E, influence the equilibrium number of bidders through
the zero-profit condition. This reflects the fact that participation
decisions are tied to the expected profitability of entering the
auction. Second, the entry cost affects equilibrium bids indirectly
by altering the equilibrium number of bidders. Third, the enforced

contractual requirements 8 have both direct and indirect effects on
the equilibrium bids: They directly influence equilibrium bids
through a scaling effect and also have an indirect effect on equi-
librium bids by influencing the equilibrium number of bidders.

More specifically, Equation (6) demonstrates that, for a gi-
ven equilibrium number of bidders, the equilibrium bid
bi(B, n*(B, E)) scales directly with S, reflecting the cost
implications of contractual requirements on the bidding
strategy. Meanwhile, the indirect effect of 8 operates
through its impact on entry decisions, which in turn influ-
ences the competitive environment and thus the optimal bid
levels. The overall effect of 8 on equilibrium bids, therefore,
integrates both the direct scaling effect and the indirect
effect through entry.

The role of entry cost E here aligns with findings from McAfee
and McMillan (1987b) in that entry costs affect participation
and, through competition, the equilibrium bids. However, the
introduction of enforced contractual requirements § provides
new insights into the impact of policy regulations on bidding
behavior and competition in public procurement. Specifically,
regulations and requirements now shape both the ex ante ex-
pected payoff for potential bidders and the costs of participa-
tion, thereby affecting not only entry decisions but also the
equilibrium strategies within the auction.

Comparative statics: We now examine the effects of increases in
the enforced contractual requirements and the entry cost on
equilibrium bids and the equilibrium number of bidders, sum-
marized in the following proposition.

Proposition 2. Let n* = n*(8, E), and b* = b;(n*(5, E), B)
with n* > 0 and bj* > 0. Then

. . dn* db;*
« Changes in E: i < 0, and = 0.
. . dn? | abr an db}t
Changes in : ik 0, and 1f‘5n* | S >0.

The proof is included in the appendix.

In our framework, an increase in entry costs, E, leads to a
reduction in the equilibrium number of bidders, % < 0, as only
bidders with expected payoffs meeting or exceeding the entry
cost choose to participate. This aligns with the zero-profit
condition, which ensures that the equilibrium number of bid-
ders is determined endogenously to equalize entry costs and
expected payoffs. Given the entry cost, stricter contractual
requirements 8 enhance competition by increasing the equili-

brium number of bidders, ‘Z—'g > 0, since the expected payoff
from bidding rises with higher requirements, 2—? > 0. Here,
B = ay represents the degree of enforced contractual require-
ments, determined by both the nature of the requirements o
and their enforceability y. An increase in either factor raises

bidder participation, captured by Z—T > 0 and i—'g > 0.

Entry costs and enforced contractual requirements influence
equilibrium bids through distinct mechanisms. When E is higher,
it indirectly leads to increased bids by reducing competition, as
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fewer participants bid in equilibrium.” An increase in 8 has a dual
effect on bids: it directly raises bids by increasing bidders' private
costs of fulfilling the contract, ﬂg > 0, and indirectly reduces bids
s Z%’i . i—'g < 0. The combined
impact of § on equilibrium bids thus involves both direct and
indirect components. Although stricter requirements generally
raise bids due to increased fulfillment costs, this rise is moderated
by the competitive effect of a larger pool of bidders. Therefore, the

net positive effect of enhanced requirements on bids depends on
ot on
ot 9B
the positive direct effect dominates, and higher enforced contrac-
tual requirements increase the equilibrium bids. Importantly, while
stricter enforced requirements elevate bids, they also improve the
quality of procured goods or services, with increased competition
exerting some downward pressure on bid prices.

by inducing greater competition

the balance between these competing forces. When <cgc,

Until now, these comparative statics highlight the directional
effects without detailing their magnitudes. To extend this
analysis, we will derive further insights by assuming a specific
probability distribution for bidders' private costs in Section 4.
Moreover, in Section 5, we analyze the practical implications
with data from Swedish public procurement.

4 | Numerical Example and Analysis
41 | An Example: Uniform Distribution

We consider a scenario where private costs are uniformly dis-
tributed over [c, ¢], simplifying the analysis of how regulatory
parameters 8 and E affect bidding strategies and participation.
The equilibrium number of bidders and the optimal bid at
equilibrium can be expressed as follows:

*_l c—c¢ _
n _2( 1+ 48 5 1], 7

20-

.
c 10-

p

(A) Equilibrium Market Size, (8

n*

In this context, the symmetric Nash equilibrium outcomes for
bids and the number of bidders are determined by the expres-
sions for b* and n*. Comparative statics indicate that the opti-
mal number of bidders increases with enforced contractual
requirements and decreases with entry costs (% >0, % < 0).
Additionally, both entry costs and enforced contractual

requirements8 lead to higher optimal bids when ¢; > ¢ > 0,

such that % > 0, and ‘gg > 0. The complete derivation for the

case of a uniform distribution is provided in the appendix.

4.2 | Numerical Analysis

This section quantifies the impact of entry costs and contractual
requirements on bidder participation and optimal bids, as out-
lined in the theoretical model. The numerical analysis centers
on n* and b* from Equations (7) and (8), where private costs are
uniformly distributed over [0, 1], with ¢; = 0.5.

Figure 1A illustrates the equilibrium market size, n*, as f8 varies
from 0.1 to 10 in steps of 0.1. Entry costs’ are set at
E = {0.025, 0.05}. The selected range for § allows for a com-
prehensive evaluation of both minimal and stringent contrac-
tual requirements. The findings indicate that more stringent
contractual requirements lead to an increase in the equilibrium
number of bidders, ‘Z—'g > 0.

Figures 1B and 2A demonstrate that as E rises from 0.005 to 0.2,
for B = {2, 5}, the number of bidders decreases, % < 0, while
equilibrium bids increase directly due to diminished competi-

db}*
~ > 0.

tion, 5

Figure 2B highlights the distinct effects of competition and com-
pliance costs on optimal bids as 8 varies from 0.1 to 10 while

0.0¢ 0.05 0.10 0.15

E

(B) Equilibrium Market Size, E

FIGURE 1 | Impactson the equilibrium number of bidders. Note: (i) The bottom two lines show the estimated and actual integer bidder count in
equilibrium for E = 0.05 and (ii) the top line shows the estimated equilibrium bidder count for E = 0.025. Note: (i) The bottom two lines show the
estimated and actual integer bidder count in equilibrium for 8 = 2 and (ii) the top line shows the estimated bidder count for 8 = 5. (A) Equilibrium

market size, § and (B) equilibrium market size, E.
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' ' ' ' '
0.00 0.05 0.10 0.15 0.20

E

(A) Optimal Bids, F

b*

'.

(B) Disaggregated Effects on Bids,

FIGURE 2 | Impact on optimal bids Note: (i) The bottom two lines show the estimated bid (using the theoretical model's bidder count) and the
actual equilibrium bid for integer bidders at 8 = 2; (ii) the top line shows the estimated equilibrium bidder count for § = 5. Note: (i) The solid red line

shows the optimal bid across § values; (ii) the dashed blue line shows the bid with only the direct impact of stricter requirements; (iii) the dotted

green line shows the bid considering only the competitive impact. (A) Optimal bids, E and (B) disaggregated effects on bids, S.

keeping E = 0.05 and ¢; = 0.5 fixed. The positive direct effect of
higher contractual requirements on bids (due to compliance costs)
outweighs the negative indirect effect (stemming from increased
competition), leading to a net increase in equilibrium bids, %* > 0.
These findings emphasize that contractual requirements and entry
costs collectively influence bidding and bidder participation. Auc-
tion designers must, therefore, consider the trade-offs: while
additional requirements can enhance both quality and bidder
participation, they also increase costs.

5 | Empirical Application: Evaluating Theory

On the basis of the comparative statics outlined in Section 3, more
contractual requirements are expected to increase competition (H1),
whereas rising entry costs would reduce it (H2). We anticipate
observing both a direct effect of the contractual requirements on the
bids and an indirect effect through competition, where the direct
effect raises the bids (H3) and the indirect effect (resulting from
increased competition) lowers the bids in equilibrium (H4). Overall,
we expect the total effect of an increase in enforced contractual
requirements on bids to be positive (H5).!° The theoretical results
imply that entry costs will indirectly increase bids by reducing
competition (H6), with no direct impact on the bids (H7).

5.1 | Data

The data set examined in this section includes comprehensive
details on 505 public procurement contracts for cleaning ser-
vices in Sweden during the period from 2015 to 2017, wherein
the procuring entities employed a first-price sealed-bid auction
method. A total of 2227 qualified bids were submitted by 185
different firms. The information encompasses detailed contracts
as well as characteristics of the firms submitting the bids and
the municipalities where the services are to be delivered. In
addition, it contains information on the number of qualified
bidders and the criteria established in the call for tender.

Framework agreements, which differ substantially in structure
from individual contracts, are excluded from this empirical
analysis to maintain consistency in the auction format and
ensure comparability across tenders.

Most of the data were manually extracted from procurement
documents and the call for tender, collected from Mercell
Opic,"! while complementary information on the characteristics
of the firm and the municipality was collected from Statistics
Sweden and the Swedish House of Finance (Table 1).'?

The call for tender specifies how firms should structure their bids,*?
and each submitted bid corresponds to a single contract within a
procurement. The cleaning frequency and size of the areas to be
cleaned can vary significantly, particularly across different types of
facilities. Each facility can encompass multiple facility types (e.g., a
building can serve both as an office and as a school).

To examine how requirements and competition influence bids,
the bids have been standardized and adjusted to reflect the cost
of cleaning one square meter 260 times per year in Swedish
Kronor (SEK),"* with adjustments made for inflation to reflect
the 2015 price level."> The mean bid to clean one square meter
260 times annually from 2015 to 2017 was 204.92 SEK. Never-
theless, this average bid fluctuated depending on the type of
entity and the facility being cleaned. In municipal procure-
ments, the average bid was 195 SEK, whereas for municipally
owned corporations, it averaged 237 SEK. Bid amounts further
varied by facility type, with schools and daycare centers aver-
aging 162 SEK, offices at 190 SEK, and correctional facilities at
266 SEK. These variations underscore the necessity to consider
both the type of entity and the facility in question.

Data on relevant criteria, particularly those that can be cate-
gorized as either entry costs (E) or contractual requirements
(), were extracted to develop indices that quantify the extent of
requirements and regulations in each procurement. In this
analysis, entry costs are defined as expenses related to criteria
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TABLE 1 | Descriptive statistics.

Variable Observations Mean Std. Dev. Minimum Maximum
b 2227 204.917 250.280 4.897 4325.318
n 505 4.402 2.825 1 19

o4 505 2.721 0.821 1 4

E 505 3.125 0.768 1 4
#Employees 2227 2889.11 5815.463 0 19,459
#Sqm 505 12,021.48 22,163.27 110 171,108
Frequency 505 238.048 70.651 26 390
#Subcontracts 505 5.6 7.696 1 29
Office 505 0.750 0.433 0 1
Hospital 505 0.022 0.146 0 1
School 505 0.329 0.470 0 1
Correctional facilities 505 0.077 0.267 0 1
Refugee housing 505 0.018 0.132 0 1
Municipality 505 0.372 0.484 0 1
Region 505 0.014 0.117 0 1
Government 505 0.422 0.494 0 1
Municipal enterprise 505 0.192 0.394 0 1

Note: (i) The bid (b) is adjusted using the consumer price index and to reflect the cost of cleaning a square meter 260 times yearly. (ii) Frequency indicates the yearly
cleaning days mandated by the contract. (iii) Office, hospital, school, correctional facility, and refugee housing are indicator variables for facility types in the contract. (iv)
Municipality, region, government, and municipal enterprise are indicator variables for the procuring entity type. (v) Number of employees pertains to the average bidder,

not the averages for the firm or contract.

established by the public entity, such as environmental man-
agement systems, insurance requirements, and employee
agreements that align with standard agreements between em-
ployers and unions in Sweden. If these criteria are outlined in
the call for tender, bidders must meet them before submitting
their tender; they are classified as entry costs. Contractual
requirements, on the other hand, refer to demands that the
winning firm must fulfill, such as utilizing environmentally
friendly cleaning products or providing hygiene supplies as part
of the contract. These costs are incurred solely by the winning
bidder. A detailed description of the elements included in entry
costs (E) and contractual requirements (&) can be found in
Table Al in the appendix.

In the data set, each individual criterion is represented as a dummy
variable, where a public contract that includes a particular
requirement is assigned a value of 1, and 0 otherwise. To align with
the theoretical model, the base case for both entry costs and con-
tractual requirements set in the call for tender is established to be
at least 1.} In particular, the empirical study presumes that
without additional criteria, every contract has a minimum of E = 1
and « = 1.7 For this analysis, the entry costs and contractual
requirements are defined as the sum of the criteria specified in
each call for tender plus the base case of 1. The construction of «
and E indicates that entry costs can range from 1 to 4, while
contractual requirements can also range from 1 to 4.

We assume that all public entities can and do fully enforce the
contractual requirements on winners, that is, y = 1, implying
that & = 8.'® Furthermore, we assume that the impact of each
individual criterion, whether part of the entry cost or

contractual requirements, on bids and competition is consistent
in magnitude.

5.2 | Empirical Specification

We estimate the impact of entry costs (E,) and contractual
requirements (a,) in contract m on two key outcomes: the
number of bidders (72,) in the first stage and the bid (b,)
submitted by firm i in the second stage, using a two-stage least
squares (2SLS) instrumental variable approach. This method
addresses potential endogeneity in the number of bidders by
employing an instrumental variable strategy, as entry is con-
sidered endogenous due to the selective nature of participation
(Li and Zheng 2009). Population density (Z,) serves as an
instrument in the first stage of the 2SLS, reflecting local market
characteristics, with higher density associated with a larger
potential pool of bidders and, consequently, greater potential
competition (Drake et al. 2024).'° By differentiating these two
components, we can isolate the effects of contractual require-
ments and entry costs on bidder participation and bids, thereby
providing insights for direct comparison with the theoretical
model's comparative statics. The model suggests a direct effect
of the contractual requirements on the winner and an indirect
effect through competition.

We account for several variables, including the size of the
object, frequency of cleaning, and the number of subcontracts
involved in procurement. Additionally, we incorporate dummy
variables to represent the type of facility being cleaned (e.g.,
offices, hospitals, schools, correctional facilities, and refugee
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housing). The type of procuring entity is also considered, with
categories for municipalities, regions, governmental agencies,
and municipal enterprises, all represented by Cy,. The size of the
bidding firm, measured by the number of employees, is
included in L;,. We apply a log transformation to the cleaning
area, the number of procurement subcontracts, and the
required cleaning frequency to account for diminishing effects
on both bids and bidder counts.

K
Ny =@y + &1 Em + dy00, + ¢3Eim + Z . Conk + Zpy + 1.

k=1
©)

In Equation (9), we estimate the number of bidders for contract
m as a function of entry costs, contractual requirements,
aggregate firm characteristics (L;,, e.g., average firm size), and
control variables. To address potential endogeneity in the
relationship between bidder participation and procurement
characteristics, we instrument the number of bidders using the
population density (Z,,) of the municipality or municipalities
where the contract is executed. Population density serves as a
reflective indicator of local market characteristics, with higher
density correlating with a larger potential pool of bidders and,
consequently, enhanced competition.

K
bim = %o + ¥1Am + Epn + 138m + XaLim + Y, 0 Cokc + Eim.
k=1
(10)

Equation (10) represents the second-stage regression, in which
the bid submitted by firm i for contract m is estimated based on
the predicted number of bidders (#,,), entry costs (E,,), con-
tractual requirements (o), firm-specific characteristics (L),
and various controls. Firm-specific characteristics, such as the
number of employees, directly affect the bid, while the number
of bidders shapes the competitive environment.

We evaluate two empirical specifications. The first specification
(Spec 1) analyzes entry costs and contractual requirements
modeled as indices. The second specification (Spec 2) inde-
pendently tests entry costs and contractual requirements. Given
the tests indicating the presence of heteroskedasticity,® we
employ robust standard errors throughout the analysis. Fur-
thermore, we conduct robustness checks by analyzing trimmed
subsamples and evaluating index robustness.

5.3 | Results

Table 2, specification 1 presents empirical evidence indicating
that competition increases with stricter contractual require-
ments (H1) and decreases with more entry regulations (H2).
Specifically, an additional contractual requirement raises the
average number of bidders by 0.187, while an additional entry
regulation reduces the number of bidders by 0.189. These
results are statistically significant and align with the theoretical
expectations outlined in the paper.

Upon examining the requirements specified in Specification 2,
Table 2, the analysis does not provide compelling evidence to

TABLE 2 | First stage regression on number of bidders.

Spec 1 Spec 2
n Coefficient Coefficient
—0.189**
(0.0954)
EMS(E) —0.124
(0.234)
Insurance(E) 0.260
(0.246)
Union(E) —0.595%**
(0.127)
a 0.187**
(0.0877)
Ecolabel(a) 0.768%**
(0.136)
Cleaning product(x) —0.441
(0.289)
Hygiene product(a) —0.329**
(0.153)
Population density 0.0008*** 0.0008***
(0.000) (0.000)
Constant Yes Yes
Controls Yes Yes
Observations 2227 2227
F statistic 82.30 71.26
RrR? 0.393 0.405
Linear combination
E —0.003 (0.329)
a 0.459 (0.307)

Note: (i) Dependent variable: Number of eligible bidders. (ii) Instrument: Mean
population density in municipalities where cleaning services will be provided. (iii)
* ** and *** indicate statistical significance at the 10%, 5%, and 1% levels,
respectively. (iv) Robust standard errors in parentheses.

Abbreviation: EMS, emergency medical services.

support the anticipated effects. Specifically, neither entry costs nor
contractual requirements demonstrate a statistically significant
impact on the combined set of parameters in E (p=0.994) or «
(p =0.135) regarding the number of participating bidders.** Fur-
thermore, the results indicate that both the type of procuring entity
and the type of facility significantly influence bidder participation.
Contracts issued by regional and government agencies, as well as
municipal enterprises, tend to attract fewer bidders compared with
those initiated by municipalities. Larger contracts, including those
associated with larger facility sizes and more frequent cleaning
schedules, generally attract more bidders. In contrast, an increase
in the number of subcontracts is associated with a decline in the
number of bidders.

Population density satisfies the relevance condition by strongly
predicting the number of qualified bidders, as demonstrated in
Table A2. For exogeneity, we argue that population density is
unlikely to correlate with unobservable contract-specific shocks

8 of 20

Journal of Public Economic Theory, 2025

85USD 17 SUOWWOD BAeR1D) 3|cedldde BU} Aq pauRA0B 88 S3OILe YO ‘88N JO S9INJ 404 Akeuq| T 8UIUO /B, UO (SUOIPUOO-PUR-SLLBY WD A3 | 1M ARe.q) 18U |UO//SANY) SUOBIPUOD PUe WS L 8U3 39S *[5202/60/02] Uo Ariqiauliuo Ao 1M ‘AiseAIuN BaWN AQ 6TO0L 1A (TTTT'OT/I0P/W00 A3 1M Afeiq 1 BUI|UO//SANY WO} PaPeO|UMOQ ‘T ‘S20Z ‘6LL6L97T



affecting bid levels. Public procurement auctions for standard-
ized services such as cleaning adhere to consistent procedures
across regions, thereby minimizing localized shocks. Further-
more, while population density reflects broader regional con-
ditions, it does not directly affect bidders' costs or pricing
strategies for specific contracts, particularly when municipality-
level controls are incorporated. The complete first-stage
regression results, including controls and the instrument, are
presented in the appendix (Table A2).

Empirical findings indicate that contractual requirements sig-
nificantly influence the average bid (H3), as demonstrated in
Specification 1 of Table 3. However, Specification 2 reveals that
when examining the criteria @ independently, no significant
impact on bid size is observed when all three requirements are
specified.”? Furthermore, entry costs do not significantly affect

TABLE 3 | Second-stage regression on bids.

Spec 1 Spec 2
b Coefficient Coefficient
n —2.891 —1.866
(3.871) (3.532)
E —3.899
(5.596)
EMS(E) 37.38%x*
(11.24)
Insurance(E) 18.78
(13.39)
Union(E) —28.34%**
(10.81)
a 14.19%**
4.727)
Ecolabel(a) 2.817
(11.87)
Cleaning product(x) —22.80
(20.49)
Hygiene product(a) 36.17%*
(16.13)
Constant Yes Yes
Controls Yes Yes
Observations 2227 2227
F statistic 363.93 376.63
R? 0.149 0.156
Endog. 0.512 0.706
Linear combination
E 27.815 (18.649)
o 16.187 (20.754)

Note: (i) The dependent variable is the bid in Swedish Kronor to clean one
square meter 260 times a year. (ii) *, **, and *** indicate statistical significance at
the 10%, 5%, and 1% levels, respectively, using robust standard errors. (iii)
Standard errors are presented in parentheses. (iv) The endogeniety test (Endog.)
reports the Durbin-Wu-Hausman test (p value).

Abbreviation: EMS, emergency medical services.

average bids, as anticipated, with bidders treating these costs as
sunk (H7). Specification 2 in Table 3 shows that, when con-
sidered collectively, the entry cost criteria have no significant
effect on bid size.”* The full table of second-stage regressions,
including control variables, is provided in the appendix,
Table A3.

By integrating both direct and indirect effects, we can analyze the
total impact of various types of requirements on the average bid.**
In Specification 1 (Tables 2 and 3), we observe that the addition of
one more contractual requirement decreases the average bid by
0.54 SEK (H4) due to intensified competition from a larger number
of bidders. This competitive effect arises as stricter requirements
attract more bidders, increasing contract value and enhancing
competition. Nonetheless, these enhanced requirements also entail
direct compliance costs, which elevate the average bid by 14.19 SEK.
Consequently, the net effect of increasing contractual requirements
results in a significant rise of 13.65SEK in the average bid (HS5).
‘When an additional criterion related to entry costs is introduced, the
average bid indirectly increases by 0.55 SEK (H6) due to a reduction
in the number of bidders. Between 2015 and 2017, the average bid
for the specified cleaning service was 204.92 SEK per square meter
for a facility being cleaned 260 times per year. As a result, a one-unit
increase in the contractual requirement raises the average bid by
6.7%, highlighting a significant impact on procurement costs. This
increment is 0.26 percentage points smaller than the increase when
the indirect competitive effect is ignored, emphasizing the impor-
tance of considering both direct and indirect influences on bidding
behavior. While competition can mitigate some cost increases
related to higher requirements, direct compliance costs remain the
primary driver of bid levels in this context.

In summary, our analysis of Sweden's cleaning services sup-
ports the theoretical conclusion that requirements impact
competition and bidding behavior distinctively, particularly
when evaluated as indices.

5.3.1 | Robustness Check

The Durbin-Wu-Hausman (DWH) test for endogeneity in the 2SLS
estimation yields p values from the score test that do not indicate
significant endogeneity bias (p = 0.512 and 0.706). However, we
argue that this result is likely driven by the statistical characteristics
of the data set as both theoretical and empirical literature repeatedly
demonstrate that the number of bidders suffers from endogeniety in
public procurement auctions.>> Despite the lack of statistical sig-
nificance in the DWH test, we retain the instrumental variable (IV)
approach to address endogeneity concerns. This is consistent with
the broader auction literature, which treats bidder participation as
an endogenous process influenced by various auction-specific and
external factors.

Robustness is further evaluated through data subsample analysis
and sensitivity to changes in « and E. First, we apply two
trimmed subsamples: one excluding single-bidder contracts and
the other omitting both single-bidder contracts and the top 5% of
contracts by cleaning area, as shown in Table A4. In both cases,
the results remain consistent. Second, to further assess the
robustness of « and E, we examine different combinations of two
specifications for & and three for E, merely indicating minor

9 of 20

85USD 17 SUOWWOD BAeR1D) 3|cedldde BU} Aq pauRA0B 88 S3OILe YO ‘88N JO S9INJ 404 Akeuq| T 8UIUO /B, UO (SUOIPUOO-PUR-SLLBY WD A3 | 1M ARe.q) 18U |UO//SANY) SUOBIPUOD PUe WS L 8U3 39S *[5202/60/02] Uo Ariqiauliuo Ao 1M ‘AiseAIuN BaWN AQ 6TO0L 1A (TTTT'OT/I0P/W00 A3 1M Afeiq 1 BUI|UO//SANY WO} PaPeO|UMOQ ‘T ‘S20Z ‘6LL6L97T



variations in their influence on bids and competition as shown in
Tables A5 and A6 in the appendix.*® Therefore, the criteria for
contractual requirements and entry costs appear well-suited to
distinguish between the two types of requirements.

Finally, no evidence of multicollinearity is observed among the
explanatory variables.?’

6 | The Role of Enforceability

The significance of enforceability in shaping the effects of reg-
ulations on competition and equilibrium bids is acknowledged
(see, e.g., Menell 1991; Estache and Wren-Lewis 2009; Best
et al. 2023; Mwakibinga and Buvik 2013; Broms et al. 2019;
Tas 2020).® Enforced contractual requirements, § € (0, o),
encompass both the requirements themselves, @ € [1, o), and
their enforceability, y € (0,1]. Procuring entities that are
ineffective, corrupt, or underfunded may face challenges in
ensuring adequate post-award implementation. Reduced en-
forceability results in diminished implementation levels, fS.
Clearly, the enforceability of contractual requirements influ-
ences bidding behavior and competition in public procurement.

Table 4 outlines potential scenarios faced by procuring entities
based on the contractual requirements, &, and their enforceability,

TABLE 4 | A taxonomy of enforced contractual requirements.
o4
4 High High High Low
Low High Low Low

Note: (i) a represents contractual requirements, where a higher a implies more
requirements for the winner. (ii) y refers to the enforceability of the contractual
requirements, where a high y implies that the public entity has a higher ability to
enforce the contractual requirements. (iii) The table presents examples of different
combinations of high and low a and y.

y. In situations where both are high (High High),”® the outcomes
are predictable. However, when both are low (Low Low), the out-
comes may be unsatisfactory and uncertain. In mixed cases (High
Low or Low High), extra requirements or enforceability can com-
pensate for the deficiency. The study by Best et al. (2023) supports
this, indicating that policies might substitute for weak enforce-
ability. Notably, the (Low High) scenario results in less predictable
outcomes,*® whereas the (High Low) scenario meets basic but
achievable requirements. Thus, weak enforceability diminishes
predictability.

The enforceability of public procurement contracts depends on
the public entity. We employ the Governance Effectiveness
(GE) metric from the Worldwide Governance Indicators (WGI)
to depict the enforceability of public entities and study its effect
on procurement outcomes.*' The WGI-GE index seeks to cap-
ture “perceptions of the quality of public services, the quality of
the civil service and the degree of its independence from
political pressures, the quality of policy formulation and
implementation, and the credibility of the government's com-
mitment to such policies” (Kaufmann et al. 2010, p. 4). Figure 3
illustrates GE, adjusted to reflect enf01rceability,32 in 207 coun-
tries®® in 2020, along with the required o for achieving a specific
level of contractual enforcement, which in this illustration is set
at § = 2.

In countries with high enforceability, achieving effective en-
forcement requires fewer contractual requirements compared
with those with weaker governance. For instance, Sweden,
scoring y = 0.844, needs to stipulate fewer requirements than
Nigeria, which, with a y of 0.294, requires more stringent reg-
ulations for comparable results. Uniform contract requirements
() across countries lead to varied enforcement due to differing
regulatory capacities. In areas with low enforceability, fore-
casting procurement results are less reliable, necessitating
stronger enforceability for consistency. This uncertainty ham-
pers policy goals like green public procurement and poses

0.75-
~ 050-
025~
® o
L ] 8 °
5 10 15 20 25
a
FIGURE 3 | Reaching the same enforced contractual requirement, 8 = 2. Note: (i) The x-axis represents contractual requirements, «, and the y-

axis represents the regulatory capacity, y. (ii) The graph represents the level of contractual requirements each country must set, given their regulatory
capacity based on the WGI-GE assessments, to reach enforced contractual requirements equivalent to § = 2. GE, Governance Effectiveness; WGI,

Worldwide Governance Indicators.

10 of 20

Journal of Public Economic Theory, 2025

85USD 17 SUOWWOD BAeR1D) 3|cedldde BU} Aq pauRA0B 88 S3OILe YO ‘88N JO S9INJ 404 Akeuq| T 8UIUO /B, UO (SUOIPUOO-PUR-SLLBY WD A3 | 1M ARe.q) 18U |UO//SANY) SUOBIPUOD PUe WS L 8U3 39S *[5202/60/02] Uo Ariqiauliuo Ao 1M ‘AiseAIuN BaWN AQ 6TO0L 1A (TTTT'OT/I0P/W00 A3 1M Afeiq 1 BUI|UO//SANY WO} PaPeO|UMOQ ‘T ‘S20Z ‘6LL6L97T



challenges with limited regulatory resources. The variation
indicates that countries with weaker governance should adopt
stricter procurement rules to achieve similar results. Bosio et al.
(2022) found that lower-income countries tend to have more
detailed procurement rules, improving outcomes when public
sector quality is low. Thus, developing nations and least deve-
loped countries must enhance contractual stringency to attain
outcomes comparable to those of better-governed countries.

7 | Conclusion

This paper identifies two distinct regulatory mechanisms in public
procurement, entry regulations, and contractual requirements, that
shape equilibrium bids and competition in different ways. Entry
regulations impose costs on all bidders, which reduces competition
in equilibrium and indirectly increases equilibrium bids. Contrac-
tual requirements apply only to the winning bidder and tend to
increase competition by raising the equilibrium number of bidders.
The impact of contractual requirements on equilibrium bids com-
bines both direct positive effects due to increased production costs
for the winning bidder and indirect nonpositive effects by influen-
cing competition. When evaluating regulatory measures in public
procurement, it is important to consider these distinct mechanisms
and their combined effects. Our empirical analysis of Swedish
procurement data for cleaning services supports the theoretical
predictions of our model.

In equilibrium, bidders adjust their optimal bids based on the
enforceability of contractual requirements, which determines
the quality of procured goods and services delivered by the
contract winner. Procurement entities with limited enforcement
capabilities may struggle to achieve policy goals, such as green
procurement or social objectives, as bidder compliance with
required standards may not be guaranteed. Enhancing en-
forceability scales up the impact of contractual requirements in
public procurement, which should be integrated into policy
design to ensure effective outcomes.

This study contributes to our understanding of government
interventions in procurement markets, showing how entry costs
and enforceable contractual requirements shape bidder partic-
ipation and strategies. The framework developed here offers a
theoretical tool for evaluating policies in areas, such as Green
Public Procurement. Future research could further explore the
optimal allocation of resources between funding contractual
requirements and investing in enforcement capacity, especially
under budget constraints faced by procuring entities.
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Endnotes

L This may be due to factors, such as constrained public resources,
insufficient skilled staff, or inadequate auditing systems.

%Including monopoly power and externalities, such as pollution and
low-quality products.

3Much of the terminology, notation and method of analysis used to
obtain bidders' bidding strategy is borrowed from McAfee and
McMillan (1987a, 1987b).

“See Myerson (1981), Maskin and Riley (1984), as well as McAfee and
McMillan (1988).

Engelbrecht-Wiggans (1987) noted that under the scenario when
entry costs are charged before the materialization of the bidders'
private costs, the distribution of each bidder's private cost is inde-
pendent of the number of other bidders. Therefore, as the number of
bidders increases, the likelihood that one of the additional bidders
has a lower level of private cost than any of the original bidders
increases. In contrast, if private costs were known before paying the
entry cost, none of the additional bidders would ever have a lower
private cost than the original bidders.

®We are temporarily allowing the number of bidders to be noninteger
so that profit exactly equals E. Given that potential bidders choose
from t; € {0, 1}, imposing the integer restriction, the number of
bidders entering this first-price sealed-bid reverse auction will be the
largest integer less or equal to n*(8, E). If this largest integer is less
than n*(B, E), bidders who participate in auctions earn positive rents
on average.

“For related empirical evidence on entry costs in first-price private-
values auctions, see Meyer (1993).

8Referring to changes in either 8 or y.
° Assumed to be minor relative to private costs.

1%We assume that the necessary conditions, outlined by the general
model, for a positive overall effect of increased enforced contractual
requirements on bids are satisfactorily met.

"'Mercell Opic was previously, at the time of the data collection,
named Visma Opic.

2Information on firm characteristics has been collected from the
Serrano database, from the Swedish House of Finance Research Data
Center.

31n some cases, the tender specifies that bids should be submitted in
SEK per month, while others require bids to be submitted in SEK
per year.

“The standardization process involves the following calculation:
&yzear . m - 260, which adjusts the bid to a common baseline
ofmcleaningiq one square meter 260 times annually. This allows for
comparisons across contracts, even with variations in frequency or
size. The variability in the standardized bids may be attributed to
factors such as differing facility types (e.g., hospitals or schools), or
the distance between the facilities and the bidder's location (e.g.,
urban vs. rural).

>The bids are standardized to correspond to the price level of 2015.

161t should be noted that when regulatory capacity is suboptimal, the
resulting enforced regulation may fall below 1.
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https://chat.openai.com/
https://writefull.com/

" The values E = 1 or a = 1 indicate that the public entity is focused
solely on providing the basic service without regard to additional
service quality or bidder characteristics.

18 Assuming that the WGI-GE adequately reflects the ability of
Swedish procuring entities to ensure the desired quality of their
procured goods, services, and works, this assumption is rea-
sonable. For instance, Sweden's WGI for governance efficiency
(GE) was 0.844 in 2020, the 10th highest score globally for
that year. However, it would also be possible to assume that
regulatory capacity varies across entities while still drawing the
same main conclusions.

If the cleaning is to be delivered to multiple municipalities, the
average population density for those municipalities has been used.

20The White/Koenker nR? test yields a p value of 0.048, indicating
heteroskedasticity.

2'Examining only the contractual requirements related to ecolabels
and the provision of hygiene products, the joint effect is identified as
both positive and significant, with a value of 0.439 (p =0.018). Ex-
amining only the entry regulations for the environmental manage-
ment system and union shows a significant negative impact,
measured at —0.719 (p = 0.005). For further information on various
linear combinations of parameters used in the initial stage regres-
sion, refer to Table A2.

*Focusing solely on the contractual requirements concerning ecola-
bels and supplying hygiene products, the combined effect is both
positive and significant, quantified at 38.988 (p =0.000). See
Table A3 for more details on the linear combinations of parameters
incorporated in the second-stage regression for a.

ZTwo out of three combinations of entry regulations align with these
results. However, focusing on the combined effect of entry regula-
tions linked to the environmental management system and insur-
ance reveals a distinctly positive outcome, valued at 56.160
(p=0.005). For more details on various linear combinations of
parameters of E in the second-stage regression, see Table A3.

24The total and indirect effects are presented as point estimates. Due to
the insignificant competitive effects throughout the empirical anal-
ysis, no attempt is made to calculate total effects with confidence
intervals.

»Drake et al. (2024), using the same data set, also found an
insignificant effect of the number of bidders (1) on bids, attributing
the result to low variation in bidder numbers and the generally lower
level of competition in public procurement markets.

61t is important to note that some adjustments to & may introduce
criteria that are not always suitable for contract terms, such as
window and carpet cleaning, which require specialized equip-
ment and expertise. These criteria could be considered as entry
regulations, requiring firms to demonstrate capability before
bidding.

#’Variance inflation factor (VIF) scores below 5 are generally con-
sidered acceptable. VIF scores remain below 2.25 in the first stage
and under 3.32 in the second stage of Specification 1 (Tables 2
and 3), indicating no multicollinearity concerns.

8 Another factor that might hinder public procurement objectives is
the ability of buyers (see Bucciol et al. 2020). However, we examine
enforceability of criteria, without considering buyer competence.

*High enforceability, y, denotes a stronger capability for a procuring
entity to enforce regulations compared with lower enforceability.
High contractual standards, «, signify that the entity imposes stricter
conditions for the contract winner compared with entities with
lower standards. These terms are relative.

*0«“Less predictable realized outcomes” refers to the uncertainty a
procuring entity faces in meeting certain criteria when enforceability
is low.

3The GE indicator in the WGI provides governance data for more
than 200 countries. For comprehensive details on the WGI meth-
odology, see Kaufmann et al. (2010).

*Figure 3 depicts the WGI-GE index adapted to the y range, set from
0 to 1, based on the 2020 WGI assessment of GE. The original WGI-
GE falls within [-2.5,2.5], with the transformation
y = (WGI — GE + 2.5)/5, thus y is in (0, 1].

*See the appendix for a comprehensive list of countries. In 2020, the
lowest WGI-GE scores were Somalia (0.08), Haiti (0.09), and Libya
(0.098); the highest were Singapore (0.97), Switzerland (0.90), and
Finland (0.89). Sweden placed 10th with a WGI-GE of 0.84.
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Appendix A

Calculations and Proofs

Calculation of equation (2):

By Equation (1), the first-order optimality condition for bidder i is
Ou; /0b; = 0. Given an optimal choice of bid b;, by the Envelope Theo-
rem, we have

‘;"i R ) (A1)
Ci 66,—

In view of the symmetry of bidders, each optimal bid b;, which satisfies
Equation (A1), must also conform to the bidding strategy B. Thus, at a
Nash equilibrium, we have b; = B(c;). Substituting this Nash condition
into Equation (A1), we obtain that at a Nash equilibrium, the condition

& g - PP (A2)
Ci

must hold for all bidders i € A;. Solving the Equation (A2),
together with bidder i's expected profit defined by Equation (1)
and the Nash condition b; = B(c;), we obtain each bidder's
bidding strategy

Jra-Feyax

Bl =plat = Foy—

, 1€A,. (A3

Taking the derivative of the bidding function defined by (A3) with
respect to ¢;, we obtain

B(c)=B+B-A=F()™" (n=1)-F(c)

. J; 1 = F(x))*ldx. (A

13 of 20

85U8017 SUOWILLOD 3A 81D 3(gedldde ay3 Ag peusenob ke o VO ‘88N Jo sejn. 1o} ArIqi]8UIIUO 43I UO (SUOIPUOD-PUR-SWBIAL0D A8 | AZeIq [l |UO//STNY) SUORIPUOD PUe SWB | 8L 88S *[6202/20/02] Uo AriqiTauliuo A |im ‘AiseAiun eswn Aq 6T00. BAI/TTTT 0T/I0p/woo A8 | Areiqijeuljuo//sdiy woiy papeojumod ‘T ‘5202 ‘6226/97T


http://www.jstor.org/stable/2118069
http://www.jstor.org/stable/2118069
https://doi.org/10.1111/roes.2009.76.issue-4
https://doi.org/10.1111/roes.2009.76.issue-4
https://doi.org/10.1007/s10018-015-0102-9
https://doi.org/10.2307/2555627
https://doi.org/10.2307/2555627
https://doi.org/10.2307/2555674
https://doi.org/10.2307/2555674
http://www.jstor.org/stable/2726107
http://www.jstor.org/stable/2726107
https://doi.org/10.1016/0165-1765(87)90142-X
https://doi.org/10.1016/0165-1765(87)90142-X
https://doi.org/10.1016/0022-0531(88)90098-1
https://doi.org/10.1016/0022-0531(88)90098-1
https://doi.org/10.1086/467825
http://www.jstor.org/stable/724475
http://www.jstor.org/stable/724475
https://doi.org/10.1257/jep.5.3.93
https://doi.org/10.2307/1911865
https://doi.org/10.2307/1911865
https://doi.org/10.1108/JOPP-13-02-2013-B004
https://doi.org/10.1108/JOPP-13-02-2013-B004
https://doi.org/10.1111/rand.2011.42.issue-2
https://doi.org/10.1111/rand.2011.42.issue-2
https://doi.org/10.1287/moor.6.1.58
https://doi.org/10.1287/moor.6.1.58
http://www.jstor.org/stable/3689266
https://doi.org/10.1007/s11151-011-9299-3
https://doi.org/10.1016/0165-1765(85)90126-0
https://doi.org/10.1016/0165-1765(85)90126-0
https://doi.org/10.2307/2118402
https://doi.org/10.1111/ecin.1982.20.issue-2
https://doi.org/10.1111/ecin.1982.20.issue-2
https://doi.org/10.1111/ecin.1984.22.issue-1
https://doi.org/10.1111/ecin.1984.22.issue-1
https://doi.org/10.2139/ssrn.371600
https://doi.org/10.1007/s11149-020-09409-w
https://doi.org/10.3982/ECTA9823
https://doi.org/10.3982/ECTA9823
https://doi.org/10.1111/j.1540-6261.1961.tb02789.x
https://doi.org/10.1111/j.1540-6261.1961.tb02789.x
https://www.worldbank.org/en/news/feature/2020/03/23/global-public-procurement-database-share-compare-improve
https://www.worldbank.org/en/news/feature/2020/03/23/global-public-procurement-database-share-compare-improve
https://www.worldbank.org/en/news/feature/2020/03/23/global-public-procurement-database-share-compare-improve

Proof of Proposition 2.
« Marginal effect of E on n*. Proposition 1 demonstrates that
the equilibrium number of bidders must satisfy

n*=E. (A5)

Differentiating with respect to E, we obtain

dm _ dm’ dn*

= =1. (A6)
dE on* dE
This indicates
dn* 1
= — A
dE  On*/on* (A7)

Substituting n* into (4), we achieve

w= [ - - For-roe a9

Then

- [ror s

[1-F@E)]™tn[1 - F(x)]}f(x) dx.

Differentiating Equation (6) with respect to n*,

sor  Bf L= F@I ™ {in@ - FG&) = In(1 = F(e)| ax
on* [1-F@]™

(A10)

For each i € A, and x € [¢c,¢], we have 0 <[1 — F(x)] <1,
Inl-F(x))<0,lIn(1 —F(x))—In(1 —F() <0 and b*>
Bx, implying

*
gb‘* <0 (A11)
n
and
*
2”1* <o. (A12)
n

Combining (A12) with (A6), we conclude that

dn*
dE

<0. (A13)

« Marginal effect of E on b;*.

By Proposition 1, at equilibrium, for each i € A,

Joa - Feoy

b* =Ble; + Al4
P =Bt ey (A14)
Differentiating b* with respect to E,
‘* A* P
db; _ ob* dn . (A15)
dE on* dE
s ob;* dn* .
Since —% < 0 and < 0, it follows that
on dE
*
bl o, (A16)
dE

« Marginal effect of 8 on n*. Differentiating (A5) with respect
to 8, we have

dr*  om dn* O

= =0 (A17)
dg on* dp o
Rearranging gives
* *
dn* __ 0m7/o8 (A18)
dp or;* /on*

Differentiating (A8) with respect to 5, we have

ot f I ié(l—F(x))"**ldx
B T T A Fey™

(A19)

(1 - F)"™'|f(x)dx > 0.

Therefore, combining (A12), (A18), and (A19), we obtain

dn*
dap

> 0. (A20)

« To analyze the marginal effect of 8 on b, we begin by
differentiating (A14) with respect to 3,

db*  ob*dn* b}
—4 =L

= =L (A21)
dg ~ on* df = OB

n*

This expression decomposes the effect of f into two parts: the

direct effect of 8 on b, represented by %’ , and the indirect
n*
b dn*

on* 4 -

effect of B on b* through n*, given by
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The term 2 , captures the immediate scaling impact of 8 on

[/
b in the blddll’lg function,

Jra - Feoyrax

BT e+
e | (= F(e)!

5 (A22)

Since ¢; € [¢,¢] and 0 < ¢ < € < 400, F is strictly increasing
and continuous on [c E] we obtain that this expression is

L > 0 and the minimum value of

the direct effect over all feamble ¢; is ¢. That is,

_ [fa-Faydx
T T T ey

(A23)

The term % . ‘fi—'g captures the indirect impact of 8 on b* by

influencing n*,

dn*
, d/3 > 0, as previously
M . % <0.1If

<c. (A24)

We obtain

— >0. (A25)

Comparative statics for the Uniform distribution case in Section 4

We assume that private costs ¢ are uniformly distributed over [c, ¢].
Equation (AS8) can be rewritten as

¥ = B —c)

T o mt + 1) (A26)
Solving
Be-9 _p (A27)
n*(n* + 1)
we obtain
1 c—¢
*= 1.1+ 4 — —1 A2
n 2( + 48 z ] (A28)
and
pr = Blera = D] (A29)

n*

Differentiating Equation (A28) with respect to E, we obtain

* ¢ —
an ___ BC-9 _,
dE

c—c¢
E

Differentiating Equation (A29) with respect to n*, we obtain

,* .= C
o _ B0 (A30)
on* (n*)z
Then, we obtain
* *
db’ _ ob dn* (A31)
dE on* dE

Differentiating Equation (A28) with respect to 8, we obtain

dn* c—rc¢

— =——>0.
B Elraps 3

Differentiating Equation (A29) with respect to 5, we obtain

db* _ B(ei—0) t—c c+en*—1)
d - )2 T—c % :
B (n*) = n
(A33)
This total derivative would be positive if
B —c) c—c <é+ci(n*—1)
- PYE = « ’ (A34)
(") f - n
which implies that ¥ 5 0if
_e\1/2
{,e(c— c)/[ (1+48% )/] }
ci > 2
ﬁ(c—C)/[ ) ] + (n* — Dt
(A35)
* = e-e _ %
utilizing n* = ( 1+ 46 1), we find that por= =
P+ e rewrite (A35) as
2n*+1
c{[n*(n* + 1 2n* + 1) — n*
w4 Dl/Cnt + =)
[n*(n* + 1)]/@2n* + 1) + (n* — 1)n*
Applying algebra, this expression could be simplified to
= * 2 _ 1 _ pn* *
. c[(Zn +1) 1 — n*(8n* + 4)J (A37)
@n* + 1) = 1 + n*(n* — 1)(8n* + 4)
and then
c
> ——:. (A38)

2n*

Therefore, since

db*
alllGA,,—ﬁ>0

—% <0 and ¢ >0 by definition, for
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Lists: List of countries for Figure 3

Afghanistan, Albania, Algeria, American Samoa, Andorra, Angola,
Anguilla, Antigua and Barbuda, Argentina, Armenia, Aruba, Australia,
Austria, Azerbaijan, Bahamas, Bahrain, Bangladesh, Barbados, Belarus,
Belgium, Belize, Benin, Bermuda, Bhutan, Bolivia, Bosnia and Herze-
govina, Botswana, Brazil, Brunei Darussalam, Bulgaria, Burkina Faso,
Burundi, Cambodia, Cameroon, Canada, Cape Verde, Cayman Islands,
Central African Republic, Chad, Chile, China, Colombia, Comoros,
Congo (Democratic Republic), Congo (Republic), Costa Rica, Cote
d'Ivoire, Croatia, Cuba, Cyprus, Czech Republic, Denmark, Djibouti,
Dominica, Dominican Republic, Ecuador, Egypt (Arab Republic), El
Salvador, Equatorial Guinea, Eritrea, Estonia, eSwatini, Ethiopia, Fiji,
Finland, France, French Guiana, Gabon, Gambia (The), Georgia,
Germany, Ghana, Greece, Greenland, Grenada, Guam, Guatemala,
Guinea, Guinea-Bissau, Guyana, Haiti, Honduras, Hong Kong (SAR,
China), Hungary, Iceland, India, Indonesia, Iran (Islamic Republic),
Iraq, Ireland, Israel, Italy, Jamaica, Japan, Jersey (Channel Islands),
Jordan, Kazakhstan, Kenya, Kiribati, Korea (Democratic Republic),
Korea (Republic), Kosovo, Kuwait, Kyrgyz Republic, Lao PDR, Latvia,
Lebanon, Lesotho, Liberia, Libya, Liechtenstein, Lithuania, Luxem-
bourg, Macao SAR (China), Madagascar, Malawi, Malaysia, Maldives,
Mali, Malta, Marshall Islands, Martinique, Mauritania, Mauritius,
Mexico, Micronesia (Federated States), Moldova, Mongolia, Montene-
gro, Morocco, Mozambique, Myanmar, Namibia, Nauru, Nepal, Neth-
erlands, New Zealand, Nicaragua, Niger, Nigeria, North Macedonia,
Norway, Oman, Pakistan, Palau, Panama, Papua New Guinea, Para-
guay, Peru, Philippines, Poland, Portugal, Puerto Rico, Qatar, Réunion,
Romania, Russian Federation, Rwanda, Samoa, Sdo Tomé and Principe,
Saudi Arabia, Senegal, Serbia, Seychelles, Sierra Leone, Singapore,
Slovak Republic, Slovenia, Solomon Islands, Somalia, South Africa,
Spain, Sri Lanka, St. Kitts and Nevis, St. Lucia, St. Vincent and the
Grenadines, Sudan, Suriname, Sweden, Switzerland, Syrian Arab
Republic, Taiwan (China), Tajikistan, Tanzania, Thailand, Timor-Leste,
Togo, Tonga, Trinidad and Tobago, Tunisia, Turkey, Turkmenistan,
Tuvalu, Uganda, Ukraine, United Arab Emirates, United Kingdom,
United States, Uruguay, Uzbekistan, Vanuatu, Venezuela (RB), Viet-
nam, Virgin Islands (the United States), West Bank and Gaza, Zambia,
Zimbabwe.

Tables
See Tables A1-A6.

TABLE Al | Definition of « and E.

Variable Requirement Description % #
E Environmental Refers to demands such as having an environmental plan, 89.7 2.12
management system submitting an environmental certificate with their tender,

EMAS, 1S014001, ISO14024, or 1SO14025

Insurances Requires that firms have liability insurance to cover a 87.7
specified amount of liability, where the amount often
depends on the type and size of the facility

Union Refers to demanding firms to have employee agreements 35
equivalent to Swedish union standards

o Ecolabel Refers to the use of Swedish Svanen, EU Ecolabel or 48.5 1.71
similar environmental labeling of the products used for
cleaning the object.

Cleaning products Refers to firms supplying the products that they use for 93.1
cleaning the object

Hygiene products Refers to firms supplying hygiene products for the 20.5
premises, such as hand soap and toilet paper

Note: (i) The column % refers to the share of contracts which has the requirement set in the procurement document. (ii) The column # refers to the average number of
requirements, included in o and E, respectively, set in the procurement documents.
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TABLE A2 | First stage regression on number of bidders.

TABLE A2 | (Continued)

Spec _1 Spec ‘2 Spec 1 Spec 2
n Coefficient Coefficient n Coefficient Coefficient
E —0.189** (0.000) (0.000)
(0.0954) Constant 2534%x 2528
EMS(E) —0.124 (157.9) (155.5)
(0.234) Observations 2227 2227
Insurance(E) 0.260 R? 0.393 0.405
(0.246) Linear combination
Union(E) —0.595%** Al E —0.003 (0.329)
(0.127) EMS and insurance 0.136 (0.302)
a 0.187** EMS and union —0.719*** (0.258)
(0.0877) Insurance and union —0.335 (0.261)
Ecolabel(«) 0.768*** All o 0.459 (0.307)
(0.136) Ecolabel and hygiene 0.439** (0.185)
Cleaning product(«) —0.441 products
(0.289) Ecolabel and cleaning 0.327 (0.312)
’ products
Hygiene product(x) —0.329** . .
Hygiene and cleaning —0.771 (0.319)
(0.153) products
#Employees —0.000*** —0.000*** Note: (i) Dependent variable: Number of qualified bidders. (ii) Instrument: average
(0.000) (0.000) population density in municipalities for which the cleaning service is to be
: . delivered. (iii) *, **, and *** indicate statistical significance at the 10%, 5%, and 1%
In(#Sqm) 0.184*+* 0.198*#+* levels, respectively. (iv) Robust standard errors in parentheses.
Abbreviation: EMS, emergency medical services.
(0.0457) (0.0452)
In(Frequency) 1.380%*** 1.358%**
(0.176) (0.166) TABLE A3 | Second-stage regression on bids.
In(#Subcontracts) —0.712%+* —0.607*** Spec 1 Spec 2
b Coefficient Coefficient
(0.0618) (0.0640)
Region —2.308%* —2.027%* n —2.891 —1.866
(0.437) (0.406) (3.871) (3.532)
Government agency —1.867*** —1.970%** B —3.899
(0.190) (0.189) (5.59)
Municipal enterprise —1.192%** —1.376%** EMS(E) 37.38%
(0.229) (0.229) (11.24)
Office ~0.104 —0.157 Insurance(E) 18.78
(0.179) (0.164) (13.39)
Hospital —1.065%* —1.484%%% Union(E) —28.34%
(0.374) (0.327) (10.81)
School —1.748%% —1.757% « 14.19%%
(0.149) (0.147) (4.727)
Correctional facility —0.841*%** —1.070%** Ecolabel(a) 2817
(0.219) (0.234) (11.87)
Refugee housing 0.277 0.198 Cleaning product(a) —22.80
(0.555) (0.550) (20.49)
Year —1.258%*** —1.254%%% Hygiene product(c) 36.17%*
(0.0784) (0.0772) (16.13)
Population density 0.0008%+* 0.0008%+* #Employees —0.002* —0.002*
(Continues) (Continues)
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TABLE A3 | (Continued)

TABLE A3 | (Continued)

Spec 1 Spec 2 Spec 1 Spec 2
b Coefficient Coefficient b Coefficient Coefficient
(0.0008) (0.0008) Ecolabel and cleaning products —19.984
In(#Sqm) —40.73%*+* —41.09*** (24.553)
(3.805) (3.855) Hygiene and cleaning products (2;22)
In(Frequency) 19637 —1o78T Note: (i) The dependent variable is the bid in Swedish Kronor for cleaning one
(27.14) (27.78) square meter 260 times a year. (ii) *, **, and *** indicate statistical significance at
the 10%, 5%, and 1% levels, respectively, using robust standard errors. (iii)
In(#Subcontracts) —32.53% —29.03*** Standard errors are presented in parentheses. (iv) The test for endogeniety
Ga9s) e (s s the Dubin W Hlawsman e vl
Region —46.74* —55.31%*
(26.49) (23.87)
Government —24.18** —24.48**
(12.13) (12.15)
Municipal enterprise -19.17 —10.38
(16.28) (17.37)
Office 2.415 —1.372
(8.522) (9.340)
Hospital 75.54%* 81.50%**
(23.38) (24.70)
School 21.84%* 15.22%
(9.056) (8.473)
Correctional facilities 50.52 72.23%*
(31.23) (31.96)
Refugee housing 299.8%** 317.7%%*
(64.17) (65.70)
Year —1.022 0.846
(9.104) (8.942)
Constant 3711 —57.13
—18.33 —18.000
Observations 2227 2227
R 0.149 0.156
F statistic 335.27 319.34
Endog. 0.512 0.706
Linear combination
AllE 27.815
(18.649)
EMS and insurance 56.160%**
(18.448)

EMS and union

Insurance and union

All o

Ecolabel and hygiene products

9.033 (15.203)

—9.562
(14.098)

16.187
(20.754)

38.988***
(11.099)

(Continues)
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TABLE A4 | First and second stages of trimming analysis.

n>1 n > 1 and sqm < 46,000

Spec 1 Spec 2 Spec 3 Spec 4
VARIABLES n b n b
n —2.537 —2.378

(3.956) (4.214)

E —0.206** —6.367 —0.210** —5.390

(0.096) (5.621) (0.101) (5.783)
a 0.231%* 15.637%** 0.217** 17.470%**

(0.088) (4.751) (0.095) (5.105)
Population density 0.001%** 0.001***

(0.000) (0.000)
Constant 2493.692%+* —2771.853 2356.102%*** 2065.429

(157.298) (18,092.098) (165.248) (18,700.686)

Controls Yes Yes Yes Yes
Observations 2195 2195 2081 2081
R? 0.389 0.147 0.393 0.146

Note: (i) The dependent variable is the number of bidders (Specs 1 and 3) and the number of bids for a specific contract (Specs 2 and 4). (ii) *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors (in parentheses). (iii) Specs 1 and 2 investigate a subsample excluding contracts with a
sole bidder. (iv) Specs 3 and 4 investigate a subsample, which excludes contracts with a sole bidder, and excludes contracts that are among the top 95th percentile, for

example, larger than 46,000 sqm.

TABLE A5 | First stage regression on a number of bidders, alternative E and a.
Spec 1 Spec 2 Spec 3 Spec 4 Spec 5
n Coefficient Coefficient Coefficient Coefficient Coefficient
a 0.170* 0.177**
(0.090) (0.088)
o 0.175%** 0.134** 0.151**
(0.065) (0.065) (0.063)
E —0.237*%*
(0.095)
E, —0.199** —0.182**
(0.081) (0.084)
E, —0.272%* —0.275%**
(0.085) (0.086)
Population density 0.001*** 0.001%*** 0.001*** 0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
Constant 2538.007*** 2487.734*** 2490.545%** 2472.931%** 2484.602%***
(157.297) (162.104) (161.226) (163.696) (162.230)
Controls Yes Yes Yes Yes Yes
Observations 2227 2227 2227 2227 2227
R? 0.394 0.395 0.394 0.394 0.394

Note: (i) The dependent variable is the number of bids for a specific contract. (ii) * **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively,
with robust standard errors (in parentheses). (iii) « denotes the original definition of contractual requirements, while o also incorporates carpet cleaning and window
cleaning. E represents the original entry cost definition, E; adds environmentally friendly vehicles to this definition, and E, includes environmentally friendly vehicles but

excludes insurance.
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TABLE A6 | Second-stage regression on bids, alternative E and a.
Spec 1 Spec 2 Spec 3 Spec 5
b Coefficient Coefficient Coefficient Coefficient
n —3.441 —3.000 —3.080 —2.666
(3.885) (3.883) (3.873) (3.860)
a 12.369%**
(4.540)
o 17.150%** 14.302%** 14.572%%*
(3.872) (3.611) (3.680)
E —10.221*
(5.807)
E, 1.336
(6.747)
E, —-0.804 2.130
(5.827) (5.722)
Constant 5502.386 7908.770 7061.876 5656.668
(18,399.837) (18,743.227) (19,058.675) (19,014.300)
Controls Yes Yes Yes Yes
Observations 2227 2227 2227 2227
R 0.152 0.152 0.152 0.149

Note: (i) The dependent variable is the bid in Swedish Kronor for cleaning one square meter 260 times per year. (ii) *, **, and *** indicate statistical significance at the 10%,
5%, and 1% levels, respectively, with robust standard errors (in parentheses). (iii) @ denotes the original definition of contractual requirements, while o also incorporates
carpet cleaning and window cleaning. E represents the original entry cost definition, E; adds environmentally friendly vehicles to this definition, and E, includes

environmentally friendly vehicles but excludes insurance.
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