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Abstract

If a firm can make a credible announcement of its intent to enter a market, it

may be able to deter rival firms from entering. We study procurement auctions

conducted by Montana Department of Transportation, where a designated online

Q&A forum serves as an entry disclosure device. We specify and estimate a model

of procurement auctions with costly entry, in which firms have the option to dis-

close entry. We find that disclosure deters entry from others, and disclosure is

beneficial for a firm if they can disclose at an early period. Overall, the availability

of disclosure device decreases the auctioneer’s payment by 6.3%, while increas-

ing the winner’s construction costs by 4.5% and decreasing the total entry costs by

11.1%.
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1 Introduction

When multiple firms contemplate entering a market, there may not be sufficient ca-

pacity for the market to profitably accommodate all potential entrants. Even if every

firm prefers to be an entrant ex-ante, some firms ultimately enter while others stay out.

In such an environment, beliefs about others’ entry is crucial. As discussed in Farrell

(1987), if a firm can influence the beliefs of other firms regarding its intent to enter, it

may compel those other firms to reconsider their own entry decisions. For instance,

once all potential entrants believe that a given firm will enter the market, this can ben-

efit the firm since the other firms may then be less inclined to enter.

In attempting to influence the beliefs of rival firms and deter their entry, it is com-

mon for firms to publicly announce one’s intent to enter the market. For example, a

firm may make a pre-announcement on releasing new products for this purpose. In

the early 1990s, Microsoft was accused of making product pre-announcements just

for the purpose of deterring competitors from entering. The district court judge noted

that "Microsoft could unfairly hold onto this [dominant] position with aggressive pre-

announcements of new products in the face of the introduction of possibly superior

competitive products." 1 Although strategic entry deterrence through disclosure raises

concerns from an antitrust perspective, there is a notable lack of empirical research

quantifying this effect.

In this paper, we investigate how entry disclosure affects auction outcomes by study-

ing procurement auctions conducted by the Montana Department of Transportation

(MDOT). A notable feature of the auctions that we study is that there is a designated on-

line forum on MDOT’s website, where potential bidders can post questions about the

project being let. The questions, the identity of the firm asking, the posting time, as

well as MDOT’s responses, are all publicly accessible information. The unique feature

is that the forum gets continuously updated: questions become publicly visible almost

immediately after posting. Since posting a question on the forum typically requires a

firm to have invested some time in reviewing the project plan, posting a question on

the online forum serves as an entry disclosure. Indeed, over 99% of the questions are

posted by actual entrants. By linking the activity on the forum to entry and bidding

1The ruling of Judge Stanley Sporkin in Civil Action No. 94-1564 (United States of America v.s. Mi-
crosoft Corporation 1995).
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behavior in the auction, we study the effect of entry disclosure on auction outcomes,

such as equilibrium entry, government payments, and efficiency in terms of the win-

ner’s cost.

To understand how participating firms perceive the Q&A forum, we conducted in-

terviews with the participating firms. Their responses reveal that the firms indeed per-

ceive that questions are posted in a strategic manner and not always intended to gather

information about the project:

”There is always a strategical consideration to the questions we ask and is not

solely determined by us needing the information. It can be gamesmanship

with the other bidders.”

Moreover, their claim indicates that they take the questions as a credible signal for a

firm entering the auction:

”It’s safe to assume that contractors would not be asking questions unless

they are going to bid the project.”

These claims support the idea of considering the Q&A forum as a disclosure device,

which forms the foundation of the paper.

In our setup, entry disclosure has two distinct and competing effects. First, as noted

earlier, a firm can alter opponents’ beliefs by disclosing, thereby reducing their ex-

pected profits from entry, which consequently leads to less entry from other firms. On

the other hand, because the exact set of entrants is unknown at the time of bidding, if

a firm discloses its entry, other entrants may bid more aggressively. Thus, entry disclo-

sure can ultimately disadvantage firms that choose to disclose.

To understand the impact of the option to disclose entry, we construct and estimate

a model of a procurement auction with costly entry, wherein firms can post questions

on a Q&A forum that serves as an entry disclosure device. Our model consists of two

stages: (i) entry and disclosure; and (ii) bidding. In the first stage, firms sequentially

arrive at the market. They make entry decisions based on their private entry costs and

information available on the Q&A forum – specifically, the firms are aware of who has

disclosed entry. Upon entry, firms draw their construction costs and may strategically

choose to post a question on the forum, thereby disclosing its entry. Firms also disclose
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due to non-strategic reasons with a fixed probability.

The second stage occurs after all the entry decisions have been finalized. Entrants

submit their bids simultaneously, taking into account all disclosures and their own pri-

vate construction costs. The bidding procedure is a first-price sealed bid auction, and

the bidder with the lowest bid wins. The effect of introduction of the Q&A forum on

auction outcomes is ambiguous and thus an empirical question. From a policy per-

spective, a recent survey highlights that DOTs vary in their treatment of entry informa-

tion, where 40% of them provide the identity of the firms who enter before the bidding

happens, while others do not (Liscow et al. 2024). Using the estimates, we consider how

the auction outcomes change by alternative platform designs regarding transmission

of information about entry.

We establish three key patterns that illustrate the economic forces of the posted

questions, i.e., entry disclosure. The following observations allow us to identify the

model primitives. First, we document that the presence of a question on the forum is

associated with a lower entry probability among bidders. This is a pattern we would

see if disclosures indeed deter entry. Second, entrants submit stronger bids when faced

with a greater number of questions. This pattern aligns with the hypothesis that firms’

bidding behaviors respond to the information presented on the Q&A forum. Third, the

firms who disclose early face weaker best rivals’ bid compared to those who never dis-

close and those who disclose late. In light of our model, while the first two patterns

are in play, firms benefit from making early entry disclosures because the effect from

the first pattern, entry deterrence effect, dominates the effect from the second pattern.

One alternative force that could explain the first pattern presented above is variation

in quality of the proposals across auctions, where low quality proposals could impose

additional costs to the firms. However, this force cannot explain the other two patterns

and thus we believe that this factor is unlikely to be the primary driver of our data.

We show that the primitives of the model are non-parametrically identified from

firms’ entry, disclosure, and bidding behaviors. The primitives we aim to recover are

the distribution of firms’ arrival timing, entry costs, costs associated with entry disclo-

sure, i.e., posting questions, and construction costs. The primary challenge in identifi-

cation arises from the fact that arrival timing is only observed for the firms who disclose

their entry. In the first step, we recover the construction costs and their distribution,
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following the methodology from Guerre et al. (2000). Next, we recover firm X ’s beliefs

on the evolution of disclosure history, conditional on X entering at a fixed time point.

If firm X discloses their entry, this object is directly identified from the observed pat-

terns. However, if X does not disclose, we cannot identify firm X ’s beliefs directly from

the data, since we do not observe their entry timing. To overcome this problem, we

construct a mapping from the observed pattern of disclosures to firm’s beliefs on the

evolution of disclosure histories. The idea is to treat the setup as a survival analysis with

competing risks. Here, the event is an entry disclosure, and the possibility of multiple

firms disclosing can be seen as competing risks. Our conditional independence as-

sumption between the firms allows us to identify each firm’s duration until they make

a disclosure, starting from any time point (Tsiatis 1975). We can then construct firm X ’s

beliefs on evolution of disclosure history, since each firm’s duration until disclosure is

known under any history.

The remaining primitives – specifically, distribution of firms’ arrival timing, entry

costs, and costs of entry disclosure – are identified through the following five steps.

First, by considering the expected value from the auction stage and the beliefs on the

evolution of disclosure history, we are able to determine the value functions with and

without disclosure when firms decide whether to disclose. Thus, value of disclosure

is identified for each history and construction cost. Second, by exploiting variation

in the amount of disclosures and values of disclosure at the same history but under

different construction costs, we can identify the distribution of disclosure costs. Third,

given the knowledge of values with and without disclosures, along with the distribution

of disclosure costs, value of entry is identified for each disclosure history. Fourth, by

exploiting variation in the amount of disclosures, value of entry, and value of disclosure

at the same time under different disclosure histories, we can identify the distribution

of entry costs. Finally, we can identify the distribution of arrival timing by comparing

the amount of disclosures across different time points.

Given our estimates, we can quantify the value of disclosure. First, we show that

disclosure is beneficial for firms at the beginning of the entry period, but becomes

detrimental toward the end. For a bidder with median construction costs, the value

of disclosure is 1.5% of the estimated project cost at the beginning, whereas it be-

comes costly by the end. The intuition behind this finding is that if a bidder enters

early and discloses, they can deter entry from others, even though remaining entrants
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may bid more aggressively. In our scenario, the deterrence effect dominates. How-

ever, if a bidder enters late and discloses, the deterrence effect diminishes since there

are fewer potential entrants remaining on the sideline. As a result, aggressive bidding

from other entrants negatively impacts the late-disclosing bidder. Next, stronger bid-

ders who have lower construction costs derive larger values from disclosure. At the

beginning of the entry period, the value of disclosure is 2.1% of the engineer’s estimate

for a bidder whose cost is at the 25-th percentile, while the value is 0.7% for a bidder at

the 75-th percentile. This result indicates that entry disclosure also serves as a signal

of a bidder’s strength.

We also quantify the value of entry, and show how it changes by the presence of dis-

closures. First, we find that the value of entry increases as we progress to later periods,

holding the number of disclosures available at the firms’ arrival time fixed. Under the

case where there are no disclosures, value of entry is 9.8% of the engineer’s estimate at

the beginning of the entry period and rises to 10.5% by the end. At a fixed time point,

an increase in the number of disclosures decreases firm’s value of entry, resulting in a

reduction of their entry probability by 4–6%. These findings indicate that both arrival

timing and the disclosures firms face have a significant impact on entry decisions. Fi-

nally, we show that the expected profit from arriving at the end is 7% lower than the

the case when a firm arrives at the beginning. Early arrival allows firms to capture

greater gains from disclosures. Conversely, firms arriving late can make more efficient

entry decisions due to increased information availability. In our setup, the former ef-

fect dominates.

In our counterfactual analysis, we compare equilibrium auction outcomes under

three alternative scenarios: shutdown of the forum, where the Q&A forum is never

made public; last minute disclosure, where the forum becomes public after the en-

try period but before the bidding occurs; and the status quo, where the current Q&A

forum is available. We use the first scenario, in which the forum is shut down as our

benchmark for exposition. Our objective is to understand the effects of entry disclo-

sure, which operate through two channels: entry deterrence and provision of addi-

tional information at the bidding stage.

First, we make the Q&A forum public after the entry period ends. In this scenario,

entry disclosures affect outcomes solely through the second channel – providing addi-
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tional information when firms bid. Firms cannot deter entry, as the information only

becomes public after firms have made their entry decisions. In this case, we observe a

0.8% increase in auctioneer’s payment, a 1.4% increase in winner’s construction cost,

and a 3.2% increase in total entry costs. Firms still make disclosures, but only due to

exogenous reasons. McAfee & McMillan (1987) and Harstad et al. (1990) have pointed

out that uncertainty about firm’s entry does not affect the auctioneer’s payment, when

bidders are risk-neutral. In line with this result, we only see a small change in the

auctioneer’s payment. This small change comes from asymmetry among the bidders,

which also creates efficiency loss in the winner’s cost. Consider the following exam-

ple: there are two entrants, firms X and Y . Firm X discloses its entry, while firm Y

remains silent. Firm Y will adopt a more aggressive bidding strategy than firm X since

they are sure about facing a competitor. Consequently, firm Y may win some auctions

even when firm Y has a higher construction cost than firm X . This inefficiency does

not arise when firms are in a symmetric position and employ monotone symmetric

strategies. The asymmetry created by different disclosure actions leads to inefficiency.

Although the decrease in auctioneer’s payment decreases and increase in the winner’s

cost mostly cancels out, total entry increases in equilibrium.

Next, we implement the current Q&A forum, allowing firms to deter others’ entry

by disclosing their intent to enter. In this case, we observe a more significant impact:

relative to the benchmark, there is a 6.3% decrease in auctioneer’s payment, a 4.5%

increase in winner’s construction cost, and an 11.1% decrease in total entry cost. The

availability of the forum allows the firms to coordinate on their entry to some extent.

Coordination among the firms reduces the number of auctions where there is no com-

petition, i.e., only one entrant. Since the possibility of a firm becoming the only bid-

der is a strong force that increases the auctioneer’s payment, coordination among the

firms helps the auctioneer by reducing their payment. Another key observation here is

that the stronger bidders with small construction costs are more likely to disclose their

entry. As a result, disclosures serve as a signal for strength. While firms can deter en-

try through disclosure, they forfeit information rents associated with their entry status

and strength. As a result, we see a decrease in auctioneer’s payment. Moreover, this

creates a "stronger" asymmetry among the entrants: firms who disclose will be bid-

ding for certain and strong, while firms who stay silent may not be present and weak

even if they do enter. Consequently, winner’s cost increases.
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In summary, the current platform introduces a new dimension regarding firms’ types:

arrival time. When a firm arrives early, to take advantage of this new dimension, they

disclose their entry status to deter other firms’ entry even at the cost of sacrificing in-

formation rents. Furthermore, such information transmission allows the firms to co-

ordinate their entry behavior, eliminating ex-post non-competitive auctions. Conse-

quently, this leads to a decrease in auctioneer’s payment. Furthermore, disclosures put

firms into asymmetric positions, resulting in inefficiency in terms of the winner’s cost.

Together, we find that the existence of the Q&A forum, which allows the firms to send

out some information, has a significant impact on auction outcomes. More broadly,

these results suggest that market designers must exercise caution in how information

is transmitted before agents take actions.

Related Literature The paper contributes to two strands of literature—the litera-

ture on strategic entry deterrence and the literature on costly entry into auctions.

The paper provides an empirical equilibrium analysis to test how strategic entry de-

terrence can affect market outcomes, taking entry disclosure as a tool to deter entry.

A significant amount of theoretical work on strategic entry deterrence has been car-

ried out, e.g., Spence (1977), Dixit (1979), and Milgrom & Roberts (1982a,b).2 Farrell

(1987) illustrates how communication can allow firms to coordinate their entry. How-

ever, empirical work on strategic entry deterrence is still limited. Goolsbee & Syverson

(2008) and Sweeting et al. (2020) study how limit pricing by the incumbent affects entry

behavior in the airline market. Scott Morton (2000) and Ellison & Ellison (2011) studies

strategic investment, such as advertisement, to deter entry in the pharmaceutical mar-

ket. Ely & Hossain (2009) studies the effects of early period bidding in online auctions.

Although they find a similar result to our paper that early period bidding deters entry

but causes more aggressive bidding from the entrants, there are two important distinc-

tions. First, Ely & Hossain (2009) tests for such effect by experimentally placing bids,

while our analysis analyzes the effect of entry disclosure, which arises as an equilib-

rium behavior. Next, they study a second-price auction setup, while ours is a first-price

auction. In second-price auctions, more aggressive bidding due to entry disclosure is

not a pattern we would expect under a private-value framework, since bidding their

own value would be an undominated strategy for the bidders. In contrast, entry dis-

closure may cause more aggressive bidding from others under our setup, sealed-bid

2Wilson (1992) provides a review on this topic.
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first-price auctions with private values.

The paper also relates to the literature on costly entry into auctions. Overall, the

literature has pointed out the importance of incorporating entry costs in analysis of

auctions. Ye (2007) and Quint & Hendricks (2018) theoretically studies indicative bid-

ding; Bhattacharya et al. (2014) studies the effect of introducing an entry rights auction;

De Silva et al. (2008) studies the effect of releasing information about seller’s valuation

on bidding in procurement auctions; Krasnokutskaya & Seim (2011) studies how the

introduction of bid preference program affects firms entry and bid decisions; and Gen-

try & Li (2014) studies non-parametric identification of an auction game with selective

entry. The paper also studies a setting where entry is costly, but is the first to empiri-

cally study how entry disclosure can deter entry from others in first-price auctions with

costly entry.

2 Institutional Background and Data

2.1 Institutional Background

We describe the letting process of procurement auctions conducted by the Montana

Department of Transporation (MDOT). MDOT uses sealed-bid first price auctions to

award construction projects. The set of firms who participate in bidding will not get

disclosed by MDOT until the final auction result is announced.

MDOT advertises projects four weeks prior to the bidding date, providing detailed

specifications of each project. On the same day as the advertisement, a Q&A forum

is launched on MDOT’s website. On this forum, firms can post questions about the

project, and MDOT provides answers to the posted questions. The questions become

publicly visible when the firms post them, subject to a quick review by the MDOT. An-

swers from MDOT are provided within two days in most cases. The forum displays

the time at which the question got posted, the name of the company, the contact per-

son, the question, and the corresponding answer. Figure 1 presents a screenshot of the

forum. The forum remains active until three days before the bidding window closes.

While other public procurement auctions also accept questions from the firms, the

unique feature here is that this forum gets continuously updated along with identity of

the firms who posted questions and a timestamp.
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Figure 1: Screenshot of the Q&A forum

The questions posted on the forum vary in value. Some turn out to be valuable, while

others offer little additional information. For example, a question pointed out that

there is an unnecessary item listed in the contract. MDOT responded by removing the

item from the contract and issued an addendum.3 On the other hand, MDOT responds

to some questions by referring firms to existing documents, instructing them to review

the relevant sections.4 This observation is in line with the quote from a firm presented

above that some questions are not solely intended to obtain information.

To participate in bidding on a project, firms must prepare the necessary documents

and submit them along with their bids. They must also engage in negotiations with

subcontractors. These tasks involve significant costs, as they require substantial time

and effort. As a result, entry into auctions is inherently costly.5

3For example, see https://app.mdt.mt.gov/qaf/external/archive/view/493
4For example, see question #1 from https://app.mdt.mt.gov/qaf/external/archive/

view/463
5Costliness of entry into procurement auctions have been pointed out in the literature (e.g., Li &

Zheng (2009)).
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Table 1: Summary Statistics
Standard 10th 90th

Mean deviation percentile Median percentile
Engineer’s estimate ($000) 2,949 4,315 144 1,297 8,597
Lowest bid ($000) 3,022 4,702 154 1,225 8,382
Lowest bid / Engineer’s estimate 1.021 0.314 0.750 0.965 1.320
#Entrants 2.82 1.50 1 3 5
#Potential entrants 12.44 5.62 4 12 20
#Questions 0.83 0.97 0 1 2

Type of projects N percent
Bridge construction 51 11.8
Overlay 78 18.0
Reconstruction 46 10.6
Safety 67 15.4
Others 192 44.2

Districts N percent
Missoula 94 21.7
Butte 76 17.5
Great Falls 113 26.0
Glendive 73 16.8
Billings 78 18.0

Note: Total number of projects is 434. There were 5 auctions without an entrant.

2.2 Data

Our data covers projects auctioned between January 2017 and December 2022. For

each auction, it includes the project description, location, the engineer’s estimate of

the total cost of the project, and the submitted bids along with the identity of the bid-

ding firms. Additionally, the dataset contains information from the Q&A forum, in-

cluding the posted questions, MDOT’s responses, identities of the firm who posted the

questions, and the timestamps of the posts. During the sample period, 592 projects

were advertised, while we focus on 434 projects whose construction reports were avail-

able, which allow us to identify the type of construction of the projects.

Table 1 presents summary statistics of the auctions. The median engineer’s estimate

is approximately $1.30 million, while the median winning bid is around $1.22 million.

For our analysis, we will normalize the bids by the engineer’s estimate. The median

normalized winning bid is 3.5% below the engineer’s estimate. MDOT reserves the

rights to reject all the bids, and 16 auctions during the sample period experienced
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such rejections.6 On average, we have three entrants. We define potential entrants

as firms that entered in at least one auction within the same district × type of con-

struction pair during the sample period. A typical auction has 12 potential entrants.

Regarding the Q&A forum, we observe slightly fewer than one question per auction on

average.7 There is some variety in the types of projects, with overlay projects being

the most common (18%).8 Project distribution is relatively balanced across districts,

although the Great Falls district accounts for the largest share (26%).9

3 Model

In this section, we develop a model of a procurement auction with costly entry and

the option for firms to disclose their entry. The auctioneer seeks to procure a project

through a first-price auction. There are N potential bidders who may choose to par-

ticipate in bidding. We denote the set of potential bidders as N = {1, · · · , N }. In our

empirical application, the questions submitted to the Q&A forum serve as entry dis-

closures.

The model consists of two stages: (i) entry and disclosure; and (ii) bidding. In the

first stage, firms sequentially arrive at the market randomly without knowledge of oth-

ers’ arrival times. When they arrive at the market, firms observe the disclosures that

have been made, make decisions on entry, and choose whether to disclose if they en-

ter. Once the first stage concludes, the entrants proceed to the second stage, which

involves bidding. In this stage, firms observe the complete history of disclosures, and

place bids simultaneously.

First stage An auction is announced and the Q&A forum, serving as the disclosure

device, becomes available at t = 0. The disclosure device closes at t = T , although

disclosures will remain observable after its closure. Each potential bidder i ∈N draws

6If bids are rejected, the project may be revised and advertised at a later date.
7We only include the questions submitted by the potential entrants. Moreover, there are some cases

where a firm posts multiple questions. We only keep the first questions from such firm in our dataset.
8We follow the categorization of types of construction provided in the construction reports provided

by MDOT. Some projects fall under multiple categories and if so we assign the project to the more pop-
ular type.

9We split the state into five districts, following the coverage of five MDOT district offices. See https:
//www.mdt.mt.gov/contact/organization/districts.aspx
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τi ∈ [0, T ] from the distribution Fτ, which represents the time at which bidder i decides

whether to participate in the auction.10 At t =τi , firm i arrives at the market, observes

the disclosure history hτi , and draw its entry cost c E
i from distribution FE . The dis-

closure history h t is public information and records the time at which questions are

posted as well as the the identities of the posting firms, up to time t . We denote the set

of all time-t histories asH t . The entry cost, c E
i encompasses the cost of reviewing the

project plan, assessing required materials and labor, negotiating with subcontractors,

and arriving at a cost estimate. Firm i may choose to enter the auction by paying the

entry cost c E
i or opt to remain out without incurring any costs. We denote the firm i ’s

entry strategy as: χi ,τ: χi ,τ(hτ, c E
i ) 7→ a E

i ∈ {0, 1}.

If firm i decides to enter the auction, at the same time t = τi , it draws its construc-

tion cost ci , and faces an opportunity to disclose its entry. With probability pQ , firm i

faces a need to disclose and always discloses without paying any additional cost. Dur-

ing the review of the project plan, issues may arise that prevent the firms from making

progress in the process. This part reflects such scenario and assume that it happens

with probability pQ . With the other probability 1−pQ , firm i may opt for costly disclo-

sures by paying a disclosure cost c Q
i , which follows the distribution FQ . This cost can

be viewed as the expense associated with formulating an appropriate question, as well

as a potential reputation cost. Only firms that have entered the auction are allowed to

make disclosures. We denote firm i ’s disclosure strategy as: ιi ,τ(hτ, ci , c Q
i ) 7→ aQ

i ∈ {0, 1}.
If firm i discloses, disclosure history hτ is updated accordingly.

Second stage After the forum closes at t = T , entrants – the firms who have entered

– participate in bidding. The auction format is a sealed-bid first price auction. Be-

fore placing their bids, the entrants observe the complete disclosure history h T . Given

h T , the entrants submit their bids bi simultaneously. We denote the firm i ’s bidding

strategy as: bi (h T , ci ) 7→R+.

10We do not rule out the possibility that the distributions that appear in the model are common across
firms. Although we assume that these distributions are common in our empirical application, identi-
fication argument still works with across-firm heterogeneity in these distributions. Here, we omit the
index i on these distributions for the sake of exposition.
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Payoff The payoff πi for firm i is given by:

πi = (bi − ci )1{i wins}− c E
i a E

i − c Q
i aQ

i ,

where the first term represents gains from the auction, the second accounts for the

entry cost, and the third is the disclosure cost.

Assumption on firms’ types As described above, each firm i ’s type is characterized by

the tuple (τi , c E
i , c Q

i , ci ), which includes arrival timing, entry cost, disclosure cost, and

construction cost. We assume that these four random variables are mutually indepen-

dent, with draws across firms being independent as well. Furthermore, we assume that

the distributions Fτ, FE , FQ , and Fc are continuously differentiable.

Equilibrium We consider the Perfect Bayesian Equilibrium of the game presented

above. Equilibrium consists of firms’ strategy profile (χi ,τ, ιi ,τ, bi ) such that:

1. firm i enters (a E
i = 1) if and only if its expected profit from entry exceeds the entry

cost c E
i :

E
�

(bi − ci )1{i wins}− c Q
i aQ

i |h
τi , a E

i = 1
�

> c E
i

2. firm i costly discloses (aQ
i = 1) if and only if its expected gain from entry exceeds

the disclosure cost c Q
i

E
�

(bi − ci )1{i wins}|hτi , a E
i = 1, aQ

i = 1
�

−E
�

(bi − ci )1{i wins}|hτi , a E
i = 1, aQ

i = 0
�

> c Q
i

3. firm i bids bi that maximizes its expected profit conditional on the complete dis-

closure history h T and construction cost ci

bi = arg max
b

(b − ci )Pr(i wins|h T , b ).

In addition, firms have consistent beliefs given the strategy profile. We assume that an

equilibrium exists, and if there are multiple equilibria, we assume that one equilibrium

is selected and played.
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Discussion of the model In our setup, entry disclosures occur through the posting of

questions. Consequently, firms may sometimes need to post questions to address is-

sues that arise during their preparation for bidding, even if their primary motivation is

not to disclose their entry. Our model does incorporate this feature. However, it does

not account for informational spillovers that may benefit other firms. Our estimates

indicate that the strongest bid from the opponents tend to be weaker when a firm dis-

closes its entry, holding others’ disclosure activities fixed. If information spillovers had

first-order effects that outweighed the effects of entry disclosures, the sign of this effect

would be the opposite. Therefore, we believe that this is not a primary concern in our

model, though informational spillovers may exist.

3.1 Example: Two firms

Here, we provide a simple example with two firms. The purpose of this example is to

illustrate the main economic forces that emerge from the option to disclose entry.

There are two firms i and j who are ex-ante symmetric. We assume that the dis-

tribution of arrival timings follow Fτ ∼U [0, 1],11 the distribution of construction costs

follows Fc ∼U [0, 1], and disclosure can be made at no cost, i.e, c Q
i = c Q

j = 0. Moreover,

firms are never forced to disclose their entry, pQ = 0. We leave the distribution of entry

costs FE to be unspecified at this point. Suppose that there is a reserve price R = 1.

For some entry cost distribution FE , there exists an equilibrium that consists of the

following strategies:

1. Second stage: Bidding

• If h T includes two disclosures or none: bid bi (ci ) = (1+ ci )/2.

• If h T includes one disclosure and that is from i , firm i bids β1(c ) such that

β−1
1 (b ) = 1−

1

(b − 1
r )
�

r 2

(1−r )2 log
�

1−b
1
r −b

�

− r
1−r

1
b− 1

r
− r (1+ r )− 2r 2

(1−r )2 log(r )− r 2(1+r )
1−r

�

where β−1
1 is the inverse bid function, and r is i ’s belief on j ’s entry proba-

11This assumption is made for simplicity. It can be any continuous distribution without a mass.
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bility. Firm j bids β2(c ) such that

β−1
2 (b ) =

1

r
−

1

r
1−r + (b −1)
�

r 2

(1−r )2 log
�

1
r −b
1−b

�

− (1+ r ) + 2r 2

(1−r )2 log(r ) + 1+r
1−r

�

where β−1
2 is the inverse bid function.

2. First stage: Entry

• If hτ does not include any disclosures, firms always enter χi ,τ(hτ, c E
i ) = 1.

• If hτ includes one disclosure, firm enters χi ,τ(hτ, c E
i ) = 1 if and only if π2 >

c E
i , where π2 is the expected profit from the bidding stage.

3. First stage: Disclosure

• If hτ does not include any disclosures, firms always disclose ιi ,τ(hτ, ci ) = 1.

• If hτ includes one disclosure, firms never disclose ιi ,τ(hτ, ci ) = 0,

and consistent beliefs, given these strategies. The construction for the bidding part

follows Kaplan & Zamir (2012).

The required conditions for the entry cost distribution FE are:

• firms always enter under no disclosure:

FE (π1) = 1

where π1 is the expected profit from the bidding stage for the case where you

have disclosed but your opponent has not.

• firms enter with probability r when there is one disclosure:

FE (π2) = r

where π2 is the expected profit from the bidding stage for the case where your

opponent has disclosed but you have not.
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Figure 2: Example: Bid Function
Notes: This figure shows the bidding functions employed in our two firm example, for the case r = 0.8.

This equilibrium presents multiple key observations that may arise from an envi-

ronment with entry disclosures. First, entry disclosure deters subsequent firms from

entering the auction after a disclosure has been made. The firm that arrives first always

discloses, which decreases the entry value for the next arriving firm, thereby reducing

its probability of entry.

Second, entry disclosure compels the other firm to bid more aggressively. To illus-

trate this, we can compare the scenario in which the first firm discloses with the sce-

nario in which it does not. In the former case, the second firm employs strategy β2,

while in the latter case, it employs strategy β1. As shown in Figure 2, β2 represents a

more aggressive strategy.12 Therefore, conditional on the other firm entering, the other

firm bids more aggressively when faced with a disclosure.

Third, early disclosures are valuable, while late disclosures are detrimental. We ob-

serve that only the firm who arrives first chooses to disclose, as disclosure is benefi-

cial for that firm. In contrast, the firm that arrives second finds that disclosing only

prompts the first firm to bid more aggressively, leading it to refrain from making a dis-

closure.
12This claim holds for any entry probability of the second firm, r .
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Here, through a simple example, we have shown three key observations that are ex-

pected to arise in an environment where entry disclosure is an available option. In the

following section, we provide evidence that our data aligns with these key observations.

4 Preliminary Analysis

We use the data to establish three empirical facts that highlight the trade-offs firms face

when considering disclosures: disclosure may deter entry from other firms, and it may

also compel other entrants to bid more aggressively. First, we examine the relationship

between the presence of a question on the forum and firms’ entry probability. Second,

we show how bids are related to the number of questions that a firm encounters. Fi-

nally, we analyze how the timing of questions and bids from opponents are related.

We demonstrate that the patterns we observe align with the observations presented

through a two-firm example in Section 3.1.

Fact 1: Presence of a question and entry probability

As we have seen in Section 3.1, entry disclosures may deter entry from others. If a

question serves as an entry disclosure and deter entry from others, presence of a ques-

tion on the forum would reduce the probability of entry from other firms. To assess

the relationship between the presence of a question and entry probability, we run the

following regression:

1{firm enters}i a =β0+β11{question is posted from an opponent}i a+β
X Xa+ϵi a (4.1)

where i denotes the firm and a denotes the auction. Auction-level characteristics Xa

include the number of potential bidders, type of construction, and district where the

project is located. Our primary interest is in the sign of β1. The first column from table

2 presents the results from this regression. We observe that presence of a question from

opponents is associated with a 3.4 percentage point decrease in entry probability, and

this association is significant at the 5% level. However, concerns may arise regarding

within-auction variation influencing this result. Specifically, firms that post questions

always enter, which mechanically results in fewer questions being visible on the forum

within an auction. To mitigate such concern, we restrict our sample to firms that do

not post a question. The second column of table 2 shows the results for this restricted
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Table 2: Presence of question and entry probability
Dependent variable: Entry

(1) (2) (3) (4)
Sample all only not posted all only not posted
Q from opponent is present -0.034 - 0.041

(0.014) (0.012)
Number of Qs from opponent

1 -0.030 -0.039
(0.017) (0.013)

≥ 2 -0.042 -0.044
(0.020) (0.015)

Auction-level characteristics Yes Yes Yes Yes
N 5,397 5,042 5,397 5,042

Note: Results in columns (1) and (3) is based on the entire sample of potential entrants.
Results in columns (2) and (4) is based on the sample of potential entrants who have not
posted a question. Standard errors are clustered at the auction level.

sample. We find that the result is mostly unchanged.

We also investigate how this relationship varies with the number of questions firms

observe on the forum. To do this, we run the following regression:

1{firm enters}i a =β0+β11{One question is posted from an opponent}i a

+β21{Two or more questions are posted from an opponent}i a +β
X Xa + ϵi a .

Our interest lies in the signs and the relative magnitudes ofβ1 andβ2. We again observe

a negative relation between presence of opponents’ questions and entry probability.

Although the strength of this relationship by the number of questions is not statisti-

cally different (β1 and β2), our point estimate for the coefficient on seeing two or more

questions is larger than the coefficient on seeing one question.

Together, the relationship between presence of opponents’ questions and firms’ en-

try probability in our data aligns with the hypothesis that questions deter entry from

others.

Fact 2: Questions from opponents and bid

If firms incorporate the disclosures into their bids, they are likely to be placing stronger

bids if they observe disclosures from opponents. To assess the relationship between
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presence of questions from opponents and a firm’s bid, we run the following regression:

bi ,a =β0+β11{# questions from opponents}i a +β
X Xa + ϵi a ,

where we control for auction-level characteristics Xa .

We find that β̂1 = −0.039 (S.E. = 0.013), which is consistent with our hypothesis.13

Firms facing more questions from opponents tend to submit stronger bids compared

to those who facing fewer questions; in fact, seeing one additional question corre-

sponds to placing a stronger bid by 3.9% of the engineer’s estimate. This pattern re-

inforces our hypothesis that questions function as entry disclosures and that firms in-

corporate this information into their bidding behavior.

Fact 3: Timing of questions and bids from opponents

Disclosures made in early periods may have strong deterrence effects, while other en-

trants may bid more aggressively compared to the case where the firm had stayed silent.

On the other hand, late disclosures may be detrimental because they may lack deter-

rence effects, while other entrants still bid aggressively.

Now, note that from one entrant’s point of view, their profit depends on the best bid

among their opponents in a first price auction. If the deterrence effect from early dis-

closures is strong enough, we would expect to observe weaker best bid from opponents

compared to scenarios where the firm does not disclose or disclose late. To evaluate

the relationship between timing of question postings and best bid from opponents, we

run the regression:

∧b−i ,a =β0+β11{posted a question}i a +β21{posted a question}i a ×τi a +β
X X i a + ϵi a .

where ∧b−i ,a is the best bid among opponents and τi a ∈ [0, 1] denotes the timing of the

question posting.14 The control variables X i a include auction-level characteristics and

number of questions posted by opponents. We normalize the period at which firms

can post questions to the interval [0, 1]. We expect β1 > 0, β2 < 0, and β1+β2 < 0 for our

13Adding in a dummy variable for firm i posting a question and/or firm i ’s timing of question posting
does not change our estimate in a meaningful way.

14The sample for this regression is the entrants who had at least one competing entrant.
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Table 3: Timing of questions and best bid
from opponent

Dependent variable: Best bid from opponent
Coefficient Standard Error

Posted a Q 0.058 0.030
Timing of Q: τ -0.072 0.040

Controls Yes
N 1,144

Note: Estimation is based on the sample: en-
trants who had at least one opponent. Standard
errors are clustered at the auction level.

estimates to be consistent with the hypothesis presented above.

Table 3 reports the results from this regression. First, we observe that firms who post

questions at t = 0 face a weaker best bid from opponents compared to those who never

post by 5.8% of the engineer’s estimate (β1 > 0). Second, firms that post questions at

t = 0 face a weaker best bid from opponents compared to those who post at t = 1 by

7.2% of the engineer’s estimate (β2 < 0). Third, our point estimates suggest that firms

who post questions at t = 1 face a stronger best bid from opponents than those who

never post by 1.4% of the engineer’s estimate (β1+β2 < 0 ), although the relation is not

statistically significant.

These results are consistent with the hypothesis that: early disclosures are beneficial

because there is a strong enough deterrent effect; and late disclosures are detrimental

as they lead other entrants bid more aggressively while the deterrent effect becomes

weak.

Discussion

One may consider an alternative hypothesis: if there is unobserved heterogeneity in

the quality (or uncertainty) of the government’s proposal across projects and the pres-

ence/number of questions acts as a proxy for such quality, we may observe the same

pattern as Fact 1. Now, suppose that the presence/number of questions do act as a

proxy for quality of the proposals. Then, we would see weaker bids in auctions where

questions are posted. However, our findings indicate the opposite trend. While Fact 3
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partly addresses this concern, we run the following regression:

bi ,a =β0+β11{#total questions}a +β X Xa + ϵi a .

Our estimate is β̂1 =−0.025 (S.E. = 0.011), suggesting that the level of bids are stronger

in auctions with greater number of questions. This suggests that unobserved hetero-

geneity in quality of proposals does not seem to be a primary concern in our analysis.

Another alternative hypothesis may posit that if firms who have lower costs tend to

arrive earlier, we may observe the same pattern to that described as Fact 2. However, it

is important to note that this hypothesis alone cannot explain Fact 1. To further explore

this point, although with parametric assumptions, we can estimate the construction

costs of each firm without imposing structure on how decisions on entry and question

posting are made. We consider two scenarios when we estimate the construction costs

for this practice: (i) firms condition their bidding strategies on the question postings;

and (ii) firms do not condition their strategies on any question postings.We run the

following regression:

ĉi a =β0+β1τi a +β
X Xa + ϵi a .

where the sample consists of firms that posted a question, ĉi a is the estimated cost,

and τi a is the timing of question posted. If this hypothesis significantly influences the

data, we would expect to see β1 < 0. However, our estimates under both scenarios do

not support this pattern, where β̂1 = 0.017 (S.E. = 0.081) for scenario (i) and β̂1 = 0.016

(S.E. = 0.079) for scenario (ii). Therefore, we do not consider this hypothesis to be a

primary driver of our data.

5 Identification

In this section, we provide a discussion on identification of the model. We identify the

model primitives in a sequential manner through the six steps outlined below. The

primitives we aim to identify include: the distribution of arrival timing Fτ, entry costs

FE , disclosure costs FQ , construction costs Fc , each entrant’s construction cost ci and

the probability of forced disclosure pQ . Construction costs are identified from the bid-

ding stage, while the other primitives are identified from variation in entry and disclo-

sure behaviors. It is worth emphasizing that entry timing τi is observed for the firms
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that disclose, but not for the firms that do not disclose.

While the discussion below holds even when conditioning on auction-level charac-

teristics, we omit such expressions for the sake of exposition. Moreover, all the distri-

butions we aim to identify are identified at the firm level. In what follows, we may omit

the firm-level index as well.

Step 1. Construction costs ci and its distribution Fci
First, we aim to identify the

construction costs ci of each bidder and the distribution Fci
. The argument follows the

strategy established by Guerre et al. (2000). We impose the following assumption on

bidders’ strategies:

Assumption 1. Firm i ’s bidding strategy is strictly increasing in their construction costs

ci , conditional on the complete disclosure history h T .

For each public history h T , the bidder i ’s problem at the bidding stage is to maximize

their expected value Vi (h T , ci ):

Vi (h
T , ci ) =max

b
(b − ci )
�

1−G−i (b |h T )
�

, (5.1)

where G−i (b |h T ) denotes the distribution of the lowest rival bid, ∧b−i , conditional on

h T . Note that G−i (·|h T ) is nonparametrically identified, and thus Fc (ci |h T ) is identified

by exploting the first order condition of this problem. Moreover, Fci
(c ) is identified by

pooling across all realizations of h T :

Fci
(c ) = Pr(ci ≤ c ) =

∫

Fci
(c |h T )d FH T

i
(h T ). (5.2)

Note that the right-hand side of (5.2) is the probability that ci is less than c without

conditioning on h T (but conditional on i bidding in the auction). The distribution,

FH T
i

, is the distribution of time-T history h T in H T
i , which is the set of all possible

time-T histories with i entering.

Step 2. Beliefs on history evolution hτi → h T Next, we identify the beliefs of firm

i on time-T history h T conditional on the history at entry timing hτi and disclosure
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action aQ
i . We denote such beliefs as µi (h T |hτ,τi =τ, aQ

i ).

When firm i discloses, their beliefs are directly identified from the data. However,

when firm i does not disclose, their beliefs cannot be directly identified from data be-

cause there is a selection issue due to the fact that their entry timing is not observed.

In this case, the key idea for identification is to think of this setup as a survival analy-

sis, where the event is a disclosure from a firm. Additionally, the possibility of multiple

firms disclosing can be treated as competing risks. Following this idea, we can estab-

lish a simple mapping from the observed evolution of disclosure histories to firm’s be-

liefs about the evolution. It has been shown that the hazard function for each risk can

be identified, if potential survival times of each risk are mutually independent (Tsiatis

1975). In our context, this corresponds to identifying each firm’s hazard function for

disclosing, given any history. We can then identify the beliefs of a firm on how the dis-

closure history would evolve.

For the sake of simplicity, we provide an argument for the symmetric case. The proof

that allows for asymmetry is given in Appendix Section B. First, consider the following

probability p noQ (τ1,τ2|hτ1):

p noQ (τ1,τ2|hτ
1
)≡ Pr(no disclosure between time τ1 and τ2|hτ

1
)

where τ1 <τ2. Let the number of firms who have not disclosed under hτ
1

be M . More-

over, let the firms who have disclosed by τ1 be j1, . . . , j J , with their corresponding tim-

ings τ̃1, . . . , τ̃J . We can express this probability as follows:

p noQ (τ1,τ2|hτ
1
) =

Pr(hτ2)
Pr(hτ1)

=

∏J
m=1

∫∞
0

fτ(τ̃m )Aτ̃m (hτm (τ̃1, . . . , τ̃m−1), c ) fc (c )d c
∏J

m=1

∫∞
0

fτ(τ̃m )Aτ̃m (hτm (τ̃1, . . . , τ̃m−1), c ) fc (c )d c

×

n

1− Fτ(τ2) +
∫∞

0

∫ τ2

0
fτ(t ) (1−At (hτ2 , c )) fc (c )d t d c

oM

¦

1− Fτ(τ1) +
∫∞

0

∫ τ1

0
fτ(t ) (1−At (hτ1 , c )) fc (c )d t d c

©M

=

n

1− Fτ(τ2) +
∫∞

0

∫ τ2

0
fτ(t ) (1−At (hτ2 , c )) fc (c )d t d c

oM

¦

1− Fτ(τ1) +
∫∞

0

∫ τ1

0
fτ(t ) (1−At (hτ1 , c )) fc (c )d t d c

©M
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where hτ2 is a history that includes the same set of disclosures as hτ1 and has no dis-

closures between τ1 and τ2. The probability of entering and disclosing under history

h and construction cost c , At (h , c ) is:

At (h , c )≡ FE (V
t (h ))
�

pQ + (1−pQ )FQ (∆v t
i (h , c )
�

where V t (h ) represents the value of entry at time t conditional on history h , and∆v t
i (h , c )

is the value of disclosure at time t conditional on history h and construction cost c .15

Now, let us consider the beliefs of firm i on the same object when the firm enters

but does not disclose at τ (τ≤τ1 <τ2). We denote such beliefs as µnoQ
i (τ1,τ2|hτ1 ,τi =

τ, aQ
i = 0). Then,

µnoQ
i (τ1,τ2|hτ1 ,τi =τ, aQ

i = 0) =
Pr(hτ2 ∩{τi =τ, aQ

i = 0})
Pr(hτ1 ∩{τi =τ, aQ

i = 0})

=

∫∞
0

FE (V τ(hτ))
�

1−
�

pQ + (1−pQ )FQ (∆v (hτ, c )
��

fc (c )d c
∫∞

0
FE (V τ(hτ))
�

1−
�

pQ + (1−pQ )FQ (∆v (hτ, c )
��

fc (c )d c

×

∏J
m=1

∫∞
0

fτ(τ̃m )Aτ̃m (hτm (τ̃1, . . . , τ̃m−1), c ) fc (c )d c
∏J

m=1

∫∞
0

fτ(τ̃m )Aτ̃m (hτm (τ̃1, . . . , τ̃m−1), c ) fc (c )d c

×

n

1− Fτ(τ2) +
∫∞

0

∫ τ2

0
fτ(t ) (1−At (hτ2 , c )) fc (c )d t d c

oM−1

¦

1− Fτ(τ1) +
∫∞

0

∫ τ1

0
fτ(t ) (1−At (hτ1 , c )) fc (c )d t d c

©M−1

=

n

1− Fτ(τ2) +
∫∞

0

∫ τ2

0
fτ(t ) (1−At (hτ2 , c )) fc (c )d t d c

oM−1

¦

1− Fτ(τ1) +
∫∞

0

∫ τ1

0
fτ(t ) (1−At (hτ1 , c )) fc (c )d t d c

©M−1

holds. Note that firm i ’s knowledge of its own construction cost does not affect this

belief.

As we can see, there is a simple relationship between the observed probability p noQ (τ1,τ2|hτ1)

and belief µnoQ
i (τ1,τ2|hτ1 ,τi = τ, aQ

i = 0). The former can be expressed as q M , while

the latter is expressed as q M−1, where q is some number. Thus,

µnoQ
i (τ1,τ2|hτ1 ,τi =τ, aQ

i = 0) = p noQ (τ1,τ2|hτ
1
)

M−1
M (5.3)

15Formally, if history h contains information up to time t ′ (t ′ > t ), we are conditioning on the re-
stricted history h t |h t ′ that contains the same information as h t ′ but only those that happen before t .
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holds. Since the right hand side is directly identified from data, i ’s belief on having

no disclosures between two time points are identified. Therefore, i ’s belief on time-T

history for the case where firm i does not disclose is identified as well.

Step 3. Value of disclosure We argue that the value of disclosure is identified. The

expected value, v 1,τ
i (h

τ, ci ), from disclosing at time τ under history hτ when i ’s con-

struction cost is ci is simply

v 1,τ
i (h

τ, ci ) =

∫

Vi (h
T , ci )µi (h

T |hτ,τi =τ, aQ
i = 1) d h T , (5.4)

where Vi (h T , ci ) is the value from the bidding stage and is given by expression (5.1).

For each time-T history h T , the expected value of bidder i with cost realization ci is

Vi (h T , ci ). By integrating Vi (h T , ci ) with respect to µi (h T |hτ,τi = τ, aQ
i ), the beliefs on

distribution over possible time-T histories, we obtain the expected value. Similarly,

the expected value, v 0,τ
i (h

τ, ci ), from not disclosing at time τ under history hτ when

construction cost is ci is

v 0,τ
i (h

τ, ci ) =

∫

Vi (h
T , ci )µi (h

T |hτ,τi =τ, aQ
i = 0) d h T . (5.5)

Note that Vi (h T , ci ) is identified for all time-T histories h T and construction costs ci in

Step 1, and µi was identified in Step 2. Therefore, the terms on the right-hand sides of

equations (5.4) and (5.5) are all identified, establishing that v 1,τ
i (h

τ, ci ) and v 0,τ
i (h

τ, ci )

are both identified. We denote the value of disclosure as ∆v τi (h
τ, ci ) ≡ v 1,τ

i (h
τ, ci ) −

v 0,τ
i (h

τ, ci ). We can easily see that the value of disclosure is identified.

Step 4. Probability of forced disclosure pQ and distribution of disclosure costs FQ

First, we introduce the following assumption:

Assumption 2. Support of disclosure values is [v Q , v Q ]. Firms always disclose at the

upper bound of the disclosure value: FQ (v Q ) = 1.

The key variation we leverage here is the difference in disclosure values across firms

with varying construction costs but those who are facing the same disclosure history.
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When a firm is not forced to disclose, the decision to disclose is given by the following

expression:
(

ιi ,τ(hτ, ci , c Q
i ) = 1 if ∆v τi (h

τ, ci )≥ c Q
i

ιi ,τ(hτ, ci , c Q
i ) = 0 otherwise

(5.6)

The expected value of the auction ṽ τi (h
τ, ci ) at time τ under history hτ and construc-

tion costs ci is:

ṽ τi (h
τ, ci ) = pQ v 1

i (h
τ, ci ) + (1−pQ )EF Q

�

max
�

v 0
i (h

τ, ci ), v 1
i (h

τ, ci )− c Q
i

	�

. (5.7)

The first term corresponds to the case where firm i is forced to disclose. Inside the ex-

pectation bracket, the first term represents the expected value from not disclosing, and

the second term represents the expected value from costly disclosing. The expected

value of entry, vi (hτ), is then

v τi (h
τ) =EFci

�

ṽ τi (h
τ, ci )
�

. (5.8)

The decision to enter at timeτ under history hτ is given by the following expression:

(

χi ,τ(hτ, c E
i ) = 1 if v τi (h

τ)≥ c E
i

χi ,τ(hτ, c E
i ) = 0 if otherwise

(5.9)

Fix values v ′, v ′′ ∈ R. Recall that the expected gain from disclosure, ∆v τi (h
τ, ci ), is

identified for allτ, hτ and ci . Now let us take c ′i and c ′′i appropriately so that∆v (hτ, c ′i ) =

v ′ and∆v (hτ, c ′′i ) = v ′′ for some hτ. The density that a firm with type c ′i discloses at hτ

is given by:

f
�

aQ
i = 1,τi =τ, hτ, c ′i

�

= fH τ(hτ|c ′i ,τi =τ) fτ(τ) fci
(c ′i ) FE (v

τ
i (h

τ))
�

pQ + (1−pQ )FQ (v
′)
�

= fH τ(hτ|τi =τ) fτ(τ) fci
(c ′i ) FE (v

τ
i (h

τ)) F̃Q (v
′) (5.10)

where fH τ , fτ and fc are the densities of FH τ , Fτ and Fc , respectively. Also, we denote

F̃Q (v ) =
�

pQ + (1−pQ )FQ (v )
�

. The first term on the right-hand side of (5.10) is the prob-

ability that event hτ occurs conditional on arrival timing τi being equal to τ. The sec-

ond term is the probability of τi being equal to τ, and the third term gives the prob-
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ability that the cost draw is c ′i . The fourth term corresponds to the entry probabil-

ity. Finally, the last term represents the probability of disclosure (aQ
i = 1) conditional

on time-τ history hτ and construction cost c ′i . This final probability accounts for (i)

forced disclosure and (ii) costly disclosure if the disclosure cost, c Q
i , is less than v ′, i.e.,

c Q
i ≤∆v τi (h

τ, c ′i ) (= v ′).

Similarly, the density that a firm with type c ′′i discloses under history hτ is as follows:

Pr
�

aQ
i = 1,τi =τ, hτ, c ′′i

�

= fH τ(hτ|τi =τ) fτ(τ) fci
(c ′′i ) FE (vi (h

τ)) F̃Q (v
′′). (5.11)

Since construction costs ci are identified for all entrants from Step 1, the left-hand

sides of expressions (5.10) and (5.11) are both identified. Moreover, fc (c ′i ) and fc (c ′′i )

are both identified because Fci
(c ) is identified. Hence, from the ratio of expressions

(5.10) and (5.11), we identify F̃Q (v ′)/F̃Q (v ′′). Because FQ is a distribution, pQ and FQ are

identified.1617

Step 5. Value of entry As demonstrated in (5.8), value of entry v τi (h
τ) can be ex-

pressed as:

v τi (h
τ) = EFci

�

ṽ τi (h
τ, ci )
�

=

∫

ṽ τi (h
τ, ci )d Fci

(ci )

=

∫

pQ v 1,τ
i (h

τ, ci ) + (1−pQ )EF Q

�

max
�

v 0,τ
i (h

τ, ci ), v 1,τ
i (h

τ, ci )− c Q
i

	�

d Fci

=

∫∫

pQ v 1,τ
i (h

τ, ci ) + (1−pQ )max
�

v 0,τ
i (h

τ, ci ), v 1,τ
i (h

τ, ci )− c Q
i

	

d FQ d Fci

Since all the objects that appear in this expression are identified objects, value of entry

v τi (h
τ) is also identified.

16If F̃Q (v ′)/F̃Q (v ′′) is identified for all v ′, v ′′ ∈ R, it implies that F̃Q (v ) is identified up to a constant,
say, F̃Q (0). This is because we can express F̃Q (v ) as follows: F̃Q (v ) = F̃Q (0)

�

F̃Q (v )/F̃Q (0)
�

, where the ratio
�

F̃Q (v )/F̃Q (0)
�

is identified. There is a unique value of F̃Q (0) such that limv→v D FQ (v ) = 1.
17Strictly speaking, we need an assumption for this argument to be valid. We assume that: For

all (v ′, v ′′) ∈ [v Q , v Q ]2, there exist a sequence of histories (hτ1
1 , . . . , hτH

H ) and a sequence of numbers
(v1, . . . , vH+1) such that (i) v1 = v ′; (ii) vH+1 = v ′′: and (iii) there exist some ck ,1, ck ,2 ∈ R+ that
∆v τk

i (h
τk , ck ,1) = vk and∆v τk

i (h
τk , ck ,2) = vk+1 for all k (1≤ k ≤H ).
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Step 6. Distribution of entry costs FE and arrival timing Fτ In this final step, our goal

is to identify the remaining two distributions: the entry cost distribution and arrival

timing distribution. To achieve this, the idea is to exploit variation in value of entry

and value of disclosure across firms facing different disclosure histories.

Suppose that under time-τ history hτ, where bidders j1, . . . , j J have each disclosed

at τ j1
, . . . ,τ j J

(τ j1
< · · · < τ j J

), and the remaining bidders i and k1, . . . , kK have not dis-

closed. As in Step 2, let

At
i (h , ci )≡ F i

E (V
t

i (h ))FQ (∆v t
i (h , ci )) (5.12)

First, consider the following density P :18

P = Pr
�

jm signals at τ jm
∀m , i signals at τ, kn does not signal before τ∀n , c⃗ j , ci

�

=
∏

m

f jm
τ (τ jm

)A
τ jm
jm
(hτ jm (τ j1

, . . . ,τ j J
), c jm

) fc jm
(c jm
)

×
∏

n

�

1− F kn
τ (τ) +

∫ ∞

0

∫ τ

0

f kn
τ (t )
�

1−At
kn
(h t (τ j1

, . . . ,τ j J
), ckn

)
�

fckn
(ckn
)d t d ckn

�

× f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fci
(ci ) (5.13)

Next, We consider the following density Q :

Q = Pr
�

jm signals at τ jm
∀m , i does not signal before τ, kn does not signal before τ∀n , c⃗ j , ci

�

=
∏

m

f jm
τ (τ jm

)A
τ jm
jm
(hτ jm (τ j1

, . . . ,τ j J
), c jm

) fc jm
(c jm
)

×
∏

n

�

1− F kn
τ (τ) +

∫ ∞

0

∫ τ

0

f kn
τ (t )
�

1−At
kn
(ht (τ j1

, . . . ,τ j J
), ckn

)
�

fckn
(ckn
)d t d ckn

�

×
�

1− F i
τ (τ) +

∫ ∞

0

∫ τ

0

f i
τ (t )
�

1−At
i (h

t (τ j1
, . . . ,τ j J

), ci )
�

fci
(ci )d t d ci

�

. (5.14)

18When we write h t (τ j1
, . . . ,τ j J

), this is a time-t history such that disclosures are made at times that
are in the set {τ j1

, . . . ,τ j J
} and before t . Note that we are also suppressing the expression on which firm

disclosed at which timing.
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Taking the ratio between these two densities gives us:

P /Q =
f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fci
(ci )

�

1− F i
τ (τ) +
∫∞

0

∫ τ

0
f i
τ (t )
�

1−At
i (h t (τ j1

, . . . ,τ j J
), ci )
�

fci
(ci )d t d ci

	 (5.15)

Exploiting the relation that

∂ (1− F i
τ (τ) +
∫∞

0

∫ τ

0
f i
τ (t )
�

1−At
i (h

t , ci )
�

fc (ci )d t d ci )

∂ τ
=−
∫ ∞

0

f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fc (ci )d ci ,

the function

Γi (τ; hτ = (τ j1
, . . . ,τ j J

)) = 1− F i
τ (τ) +

∫ ∞

0

∫ τ

0

f i
τ (t )
�

1−At
i (h

t , ci )
�

fc (ci )d t d ci

= 1−
∫ ∞

0

∫ τ

0

f i
τ (t )A

t
i (h

t , ci ) fc (ci )d t d ci (5.16)

is identified up to scale for all τ ∈ [τ j J
, T ].19 And thus

−
∂ Γi
∂ τ
(τ; (τ j1

, . . . ,τ j J
)) =

∫ ∞

0

f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fc (ci )d ci

= f i
τ (τ)F

i
E (V

τ
i (h

τ(τ j1
, . . . ,τ j J

)))

∫ ∞

0

FQ (∆v τi (h
τ(τ j1

, . . . ,τ j J
), ci )) fc (ci )d ci

is identified up to scale. Since Γi (0; h 0 = φ)=1 holds, Γi (τ; hτ = φ) is identified for all

τ ∈ [0, T ].20 Therefore, ∂ Γi∂ τ (τ; hτ = φ) is identified for all τ ∈ [0, T ]. Furthermore, since

FQ is identified, f i
τ (τ)F

i
E (V

τ
i (h

τ =φ)) is identified for all τ ∈ [0, T ].

Now, given that f i
τ (τ)F

i
E (V

τ
i (φ)) is identified, f i

τ (t )A
t
i (h

t = φ, ci ) is identified for all

t ∈ [0, T ]. Consequently, as Γi is expressed as (5.16), Γi (τ; hτ =τ) is identified. Since Γi is

identified up to scale and now that Γi (τ; hτ =τ) is identified, Γi (τ′; hτ
′ =τ) is identified

for all τ′ ∈ [τ, T ]. As a result, f i
τ (t ) F i

E (V
t

i (h
t )) such that h t includes one disclosure is

identified. By induction on the number of disclosures made, repeating this argument

will allow us to identify f i
τ (τ) F

i
E (V

τ
i (h

τ)) for all histories hτ.

19Note that d F (x )
d x /F (x ) =

d (log F (x ))
d x holds. If the left-hand side object is identified, log F (x ) is identified

up to a constant. Therefore, F (x ) is identified up to scale.
20When we write h t =φ, we mean that time-t history h t does not include any disclosures.
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To proceed with the identification of fτ, fix τ′,τ′′ ∈ [0, T ] and take hτ
′
and hτ

′′
appro-

priately so that V τ′

i (h
τ′) = V τ′′

i (h
τ′′) = v for some constant v ∈R. We identify the ratio,

fτ(τ′)/ fτ(τ′′) from the ratio of f i
τ (τ
′)F i

E (V
τ′

i (h
τ′)) and f i

τ (τ
′′)F i

E (V
τ′′

i (h
τ′′)). Since Fτ is a

distribution, Fτ is identified.21

Finally, since fτ and f i
τ (τ)F

i
E (V

τ
i (h

τ)) are identified, F E is also identified.

6 Estimation

In this section, we provide an outline of the estimation procedure, which closely fol-

lows the identification argument.

6.1 Parametric assumptions

To apply our model to data, we introduce parametric assumptions, despite having es-

tablished non-parametric identification. First, we assume that firms are ex-ante sym-

metric, conditional on auction-level characteristics: all the firms share the same dis-

tribution for arrival timing, entry costs, disclosure costs, and construction costs if the

auction is the same construction type and from the same district.

In what follows, we set T = 1. We specify parametric forms for the distributions of en-

try timing, entry costs, and disclosure costs. We assume that the distribution of arrival

timing follows a Beta distribution, which lies within the interval [0, 1], with two shape

parameters θ τ ≡ (ατ,βτ). Next, we make the following assumption on entry costs. With

probability p E , each firm gets a chance to consider whether they would enter an auc-

tion, while a firm always stays out with the other probability 1− p E . This reflects the

fact that firms may face various constraints, such as other ongoing projects. If a firm

considers entry, they draw an entry cost c E
i from a truncated normal distribution on

[0,∞) with parameters θ E ≡ (µE ,σE ). Here, we parameterize µE = Xaβ
E +αE , where

Xa is the logarithm of number of potential entrants. Finally, we assume that the dis-

tribution of disclosure costs FQ follows a truncated normal distribution on [0,∞)with

parameters θQ ≡ (µQ ,σQ ). Note that we have also assumed that firms are in a position

21Strictly speaking, we need an assumption for this argument to be valid. We assume that: For all
(τ′,τ′′) ∈ [0, T ]2, there exist a sequence of timings (τ1, . . . ,τH ) and a sequence of numbers (v1, . . . , vH )
such that (i) τ1 = τ′; (ii) τH = τ′′: and (iii) there exist some histories hτk and h̃τk+1 such that V τk

i (h
τk ) =

V τk+1

i (hτk+1 ) for all k (1≤ k ≤H −1).
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where they must disclose with probability pQ , reflecting the fact that disclosures are

done through posting questions in our setup.

6.2 Estimation procedure

We estimate our parameters in four steps. In the first step, we start by estimating the

construction costs for each entrant and the distribution of such costs, exploiting the

bidding results. Next, we estimate firms’ beliefs on how disclosure history evolves over

time, conditional on their disclosure actions. With the estimates from the bidding stage

and estimated beliefs on disclosure history, we turn to the estimation of the value of

disclosure and entry. Finally, using the obtained estimates, we estimate the remaining

model primitives via maximum likelihood estimation.

Step 1. Construction costs ci To account for the fact that some bids are ultimately re-

jected, we assume the presence of a secret reserve price p r , which follows a log-normal

distribution. To estimate the construction costs ci , we exploit the optimality of the

bids as in Guerre et al. (2000). Specifically, construction cost ci when the bid is bi is

estimated exploiting the first order condition for bidding:

ci = bi −
1−G−i (b )

g−i (b )
(6.1)

where G−i is the CDF of the lowest bid among the opponents, and g−i is the correspond-

ing pdf.22

We assume that G−i follows a log-normal distribution log-N (µb ,σb )with:

µb =Xµb
i β

µb , σb =Xσb
i β

σb ,

where X µb

i includes a dummy indicating whether i disclosed, the time at which i dis-

closed, the number of disclosures made by others, the number of potential bidders,

construction type dummies, and district dummies. For the variance, X σb
i includes

the number of others’ disclosures, the number of potential bidders, construction type

dummies, and district dummies. We estimate the parameters (βµb ,σµb ) via maximum

22This will be the minimum of the opponents’ bid and the secret reserve price.
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likelihood. Once we obtain the estimates for the distribution G−i , we exploit (6.1) and

estimate construction costs for each entrant. While we allow the distribution of con-

struction costs Fc to be fully nonparametric, we assume that the distribution depends

on the type of construction and district at which the project is located.

Step 2. Belief on the evolution of disclosure history Closely following the identifi-

cation argument, we start by estimating the observed evolution of disclosure histories.

Let us note here again that the observed evolution of disclosure histories and the be-

liefs on the histories are not identical. We parameterize the distribution of time inter-

vals between the n-th and (n +1)-th disclosure as follows (time interval between t = 0

and the first disclosure will be also included as case n = 0):

Pr(τn+1−τn ≤ x ) =
Φ((x −µt )/σt )−Φ(−µt /σt )

1−Φ(−µt /σt )

if the (n +1)-th disclosure exists and

Pr ((n +1)-th disclosure does not exist) =
1−Φ
�

((1−τn )−µt )/σt

�

1−Φ(−µt /σt )

where timing of the n-th disclosure is given byτn .2324 The parameters (µt ,σt ) are char-

acterized as:

µt =Xµtβµt , σt =Xσtβσt ,

where X µt includes the n-th disclosure timing τn , the number of disclosures n , the

log of (number of firms who have not disclosed yet +1), construction type dummies,

and district dummies. For the variance, X σt includes the number of disclosures n , and

the log of (number of firms who have not disclosed yet +1). We estimate (βµt ,σµt ) via

maximum likelihood.

Next, we turn to the estimation of the beliefs of the firms. First, we estimate the belief

of a firm when the firm discloses at some time τ facing history hτ. To estimate this

belief, we simulate the evolution of the disclosure history, using the distribution of time

23We are implicitly assuming that the decision to disclose depends on the number of disclosures that
have occurred up to that time and the timing of the most recent disclosure.

24If n is equal to the number of total potential bidders N , then the next disclosure does not exist with
probability one.
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intervals between disclosures we have estimated above. Suppose that i ’s disclosure

was the n-th one. Then, the next disclosure timing τn+1’s distribution is characterized

by the above distribution we have estimated. By repeating this process, until we draw

the probability of next disclosure not existing, we can obtain the distribution of time-T

histories. We denote the estimated belief as: µ̂i (h T |hτ,τi =τ, aQ
i = 1).

Next, we estimate a firm’s belief when it enters but does not disclose at time τ facing

history hτ. Let τn represent the most recent disclosure before τ, with τn = 0 if none

exists. We exploit the following relationship, which we have shown as equation 5.3:

Pr(τn+1 > t or (n +1)-th disclosure does not exist)(M−1)/M

=µi (τ
n+1 > t or (n +1)-th disclosure does not exist)

where M is the number of potential entrants who have not disclosed at τ, including

firm i . Moreover, from equation 5.3,

Pr(τn+k > t or (n +k )-th disclosure does not exist | (n +k −1)-th disclosure is at τn+k−1)(M−k )/(M−k+1)

=µi (τ
n+k > t or (n +k )-th disclosure does not exist | (n +k −1)-th disclosure is at τn+k−1)

holds for all k (1 ≤ k ≤ M − 1) and all t (τn+k−1 < t < 1). These relationships allow

us to back out the distribution of time intervals between disclosures from firm i ’s per-

spective, since the left hand-side objects are what we had estimated at the beginning

of Step 2. Now, we can simulate the evolution of disclosure history using i ’s belief on

the timing of disclosures. We denote the estimated belief as: µ̂i (h T |hτ,τi =τ, aQ
i = 0).

Step 3. Value of disclosure In this step, we aim to obtain an estimate for the value

of disclosures. First, we start by estimating the value from the bidding stage Vi (h T , c ).

For clarity, each objects are estimated for every construction type and district pair, al-

though we omit these specific dependencies here for simplicity. We estimate the value

from bidding conditional on time-T history Vi (h T , c ) by:

V̂i (h
T , c ) =max

b
(b − c )(1− Ĝ−i (b |h T )),

where Ĝ−i is the estimated CDF of the lowest bid from opponents.
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Next, we estimate the values with and without disclosure, v 1,τ(hτ, c ) and v 0,τ(hτ, c ).

This value is estimated by:

v̂ j ,τ(hτ, c ) =

∫

V̂i (h
T , c ) µ̂i (h

T |hτ,τi =τ, aQ
i = j ) d h T

for j = 0, 1. Note that although we have expressed this as an integration, due to our

estimation procedure, µ̂i is a discrete distribution. Therefore, this turns out to be a

summation, in practice. Then, value of disclosure∆v τ(hτ, c ) can be estimated as:

d∆v
τ
(hτ, c ) = v̂ 1,τ(hτ, c )− v̂ 0,τ(hτ, c ).

Step 4. Model primitives In our final step, we estimate our model primitives–specifically,

the distribution of entry timing Fτ, entry costs FE and p E , and disclosure costs FQ and

pQ – using observed entry and disclosure data. Note that if we have estimates p̂Q and

F̂ Q for pQ and FQ , value of entry v (hτ) can be estimated as:

v̂ τ(hτ) =
∑

c

∫

p̂Q v̂ 1,τ(hτ, c ) + (1− p̂Q )EF̂ Q

�

max
�

v̂ 0,τ(hτ, c ), v̂ 1,τ(hτ, c )− c Q
	�

d F̂Q

=
∑

c

�

�

p̂Q + (1− p̂Q )F̂Q (max{v̂ 1,τ(hτ, c )− v̂ 0,τ(hτ, c ), 0})
�

v̂ 1,τ(hτ, c )

+ (1− p̂Q )
�

1− F̂Q (max{v̂ 1,τ(hτ, c )− v̂ 0,τ(hτ, c ), 0})
�

v̂ 0,τ(hτ, c )

− (1− p̂Q )

∫ max{v̂ 1,τ(hτ,c )−v̂ 0,τ(hτ,c ),0}

0

c Q d F̂Q

�

. (6.2)

where summation is taken over the estimated costs c .

Using this expression, we estimate the model primitives via maximum likelihood.

Suppose firms i1, . . . , iI do not enter, firms j1, . . . , j J enter but do not disclose, and firms

k1, . . . , kK enter and disclose at timeτk1
, . . . ,τkK

. Also, let each entrant i ’s cost be ci . The
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likelihood function for observing this history h T and set of entrants, sayN E , is:

L (h T ,N E ) =
∏

l

∫

fc (cil
)d c

∫

fτ(t )(1− F̃E (v (h
t )))d t

×
∏

m

fc (c jm
)

∫

fτ(t )F̃E (v (h
t ))(1− F̃Q (∆v (h t , c jm

)))d t

×
∏

n

fc (ckn
) f (τkn

)F̃E (v (h
τkn ))F̃Q (∆v (hτkn , ckn

)),

where h t and hτkn are time-t and time-τkn
histories that arise as a natural restriction

of h T . Furthermore, F̃E is defined as: F̃E = p E FE . The parameters we aim to estimate

here are: Θ ≡ (θ τ,θQ , pQ ,θ E , p E ). We solve:

max
Θ

A
∑

a=1

logL̂ (h T
a ,N E

a ),

where a = 1, . . . , A represents each auction, and L̂ i s the likelihood function with pre-

vious estimates plugged in:

L̂ (h T ,N E ) =
∏

l

∫

fτ(t ;θ τ)(1− F̃E (v̂ (h
t ; (θQ , pQ )); (θ E , p E )))d t

×
∏

m

f̂c (ĉ jm
)

∫

fτ(t ;θ τ)F̃E (v̂ (h
t ; (θQ , pQ )); (θ E , p E ))(1− F̃Q (d∆v

t
(h t , c jm

); (θQ , pQ )))d t

×
∏

n

f̂c (ĉkn
) fτ(τkn

;θ τ)F̃E (v̂ (h
τkn ; (θQ , pQ )); (θ E , p E ))F̃Q (d∆v

τkn (hτkn , ckn
); (θQ , pQ ))

with v̂ τ(hτ) as described in Equation 6.2.

7 Estimation Results

This section discusses the results from the estimation of the parameters in the model.

7.1 Parameter Estimates

Table 4 presents the estimation results for the model parameters. Figure 3 illustrates

the CDF of firms’ arrival timing. Our estimates suggest that firms are more likely to

arrive during the latter half of the entry period, with 70% of the firms arriving in this
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Table 4: Estimated parameters of the model
Distribution cE : Truncated Normal on [0,∞)

cQ : Truncated Normal on [0,∞)
τ: Beta

Estimate S.E.
Entry
Prob. of considering entry: p E

Const. 0.851 0.021
ln(# Pot bidder) -0.231 0.009

µE -2.926 0.015
σE 0.383 0.033

Disclosure
Prob. of always disclosing: pQ 0.268 0.019
µQ -2.416 0.251
σQ 0.642 1.213

Timing
ατ 1.227 0.099
βτ 0.661 0.052

Note: Table presents estimates of the model parameters. Standard errors are calculated
using 100 bootstrap draws, with sampling at the auction level.

time frame. The median arrival time is 0.71, which corresponds to approximately a

week before the forum closes.

Figure 4 shows the relationship between values of entry and entry probability in a

scenario with 12 potential bidders, which is the median size of the bidders’ pool. Firms

consider entering with 28% probability when there are 12 potential bidders. This prob-

ability decreases with the number of potential bidders. Additionally, median size of en-

try costs is estimated as 3.4% of the engineer’s estimate. Our estimate of entry costs is

comparable with the numbers reported in the literature (Bajari et al. 2010, Krasnokut-

skaya & Seim 2011).

Figure 5 shows the relationship between values of disclosure and disclosure proba-

bility. Firms get in need for posting a question with a probability of 27%, which reflects

the likelihood of disclosure even when it may be disadvantageous to them. As value of

disclosure increases, disclosure probability also rises. For instance, when the value of

disclosure is 1% of the estimated cost, firms disclose with a probability of 31%.
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Table 5: Distribution of Construction Costs: by
Construction Types

25-th 75-th
Construction Types percentile Median percentile
Bridge 0.38 0.75 1.02
Overlay 0.74 0.88 1.01
Reconstruction 0.72 0.89 1.11
Safety 0.50 0.74 0.99
Others 0.56 0.74 0.97

Note: Total number of projects is 434. There were 5 auctions
without an entrant. The presented numbers are fractions of
the engineer’s estimate.

Figure 3: CDF of arrival timing
Notes: This figure shows the CDF of arrival timing.

We summarize the estimated distributions of construction costs in Table 5. The ta-

ble reports the median, 25th and 75th percentiles as fractions of the engineer’s estimate

for each construction type. The median construction cost is estimated to range from

74% to 89% of the engineer’s estimate. Overall, projects related to overlay and recon-

struction have higher construction costs compared to the other project types.

Table 6 presents estimation results regarding the distribution of opponents’ best

bids.25 In a first-price auction, it is the opponents’ best bid that ultimately determines

an individual firm’s profit. First, opponents’ best bid becomes more aggressive as a

25Estimates for the distribution of the secret reserve price is presented in Appendix Table E.1.

38



Figure 4: Value of entry and entry probability
Notes: This figure shows the relationship between values of entry and entry probability for the case

where we have 12 potential bidders, which is the median size of entrants’ pool.

Figure 5: Value of disclosure and disclosure probability
Notes: This figure shows the relationship between value of disclosure and disclosure probability.
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Table 6: Distribution of opponents’ best
bid: Log-normal

Variables Estimate S.E.
µ
Constant -0.023 0.067
Asked 0.044 0.027
Asked ×τ -0.045 0.033
ln(# Pot. Bidders) -0.017 0.034
# Q from others -0.037 0.010
Type:

Overlay 0.066 0.030
Safety 0.018 0.050
Bridge 0.207 0.054
Recons 0.102 0.044
Others Reference

District:
Missoula Reference
Butte -0.027 0.028
Great Falls 0.050 0.029
Glendive 0.035 0.032
Billings -0.022 0.043

logσ
Constant -1.232 0.144
ln(# Pot. Bidders) -0.018 0.082
# Q from others -0.207 0.039
Type:

Overlay -0.596 0.100
Safety 0.043 0.134
Bridge 0.274 0.140
Recons -0.240 0.139
Others Reference

District:
Missoula Reference
Butte -0.148 0.092
Great Falls -0.149 0.091
Glendive -0.028 0.094
Billings 0.320 0.123

Note: This table presents estimated parame-
ters of the distribution of opponents’ best bid.
The opponents’ best bid is defined as the min-
imum of the opponents’ bid and the secret re-
serve price.
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firm faces more disclosures (questions). This trend reflects the fact that disclosures

are made by the actual entrants.

Next, the results suggest that making disclosures at earlier periods makes opponents’

best bid less aggressive, if we hold others’ disclosure behavior fixed. To illustrate this

impact, we compare two scenarios: (i) Firm X discloses at t = 0 while no other firm

discloses; and (ii) No firm discloses at all. If firm X places the median bid (bi = 1.03),

its probability of winning probability increase by 11.4 p.p. in scenario (i) compared to

scenario (ii), for an auction on an overlay project in the Missoula district. Conversely,

the estimates imply that a last minute disclosure would make opponents’ best bid more

aggressive, although this effect is not statistically significant.

These results align with our earlier discussion on the trade-off associated with entry

disclosures. As noted, while disclosures can reduce the number of entrants, they may

simultaneously provoke more aggressive bids from remaining entrants. Our results

suggest that the former effect dominates for disclosures made during earlier periods,

while the latter effect dominates when disclosures are made at the last minute, at a

time close to t = 1.

It is important to note that these results do not account for the potential influence

of one firm’s disclosures on the disclosure behaviors of others. We now shift our fo-

cus to the value of disclosures, entry, and arrival timing, incorporating the evolution

of disclosure history and allowing firms to optimize their bidding strategies. In what

follows, the numbers and figures we present in this section will based on the auctions

on overlay projects from the Missoula district, which has the mode for the number of

auctions across (type of construction, district)-pairs and has the median number of

potential bidders totaling 12.

7.2 Value of Disclosure, Entry, and Arrival

Figure 6 shows how the value of disclosure changes over time and across different levels

of firms’ construction costs. The values shown in the figure are for the case where there

is no disclosure up to the corresponding time. The results indicate that the value of dis-

closure decreases as time progresses. For example, a bidder with median construction

cost (c = 0.86) would find the value of disclosure to be 1.5% of the engineer’s estimate

at t = 0. However, this value declines to 0.8% by t = 0.5, and ultimately becomes a loss
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Figure 6: Value of disclosure
Notes: This figure shows the relationship between values of disclosure and construction costs. The re-

sults are based on auctions on overlay projects from the Missoula district. The values are for the case

where there is no disclosure up to the corresponding time.

of 0.04% at t = 1. This decreasing trend is consistent across various construction cost

levels.

At a given point in time, the value of disclosure tends to be lower for firms with higher

construction costs, except when the timing approaches the end of the period at t = 1.

For example, at t = 0, firms with construction costs at the 25th percentile (c = 0.75)

would see a value of 2.1% of the engineer’s estimate, while those at the median cost

(c = 0.86) would see 1.5%, and firms at the 75-percentile cost (c = 0.98) would see 0.7%.

This pattern suggests that the stronger entrants– those with low construction costs– are

more likely to disclose entry. As a result, the disclosures reveal not only information

about firms’ entry but also signal the strength of those bidders.

Finally, the value of disclosure at t = 1 turns out to be negative. When disclosures are

made at the very end of the entry period, they fail to deter entry by others and instead

prompt remaining entrants to bid more aggressively. Thus, firms disclosing at the last

minute would incur a loss.

Next, we examine the value of entry for the firms over time, considering the number
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Figure 7: Value of entry
Notes: This figure shows the relationship between values of entry and entry timing, across different num-

bers of disclosures. The results are based on auctions on overlay projects from the Missoula district. The

values are for the case where the most recent disclosure is made at t = 0 if there is one.

of disclosures available on the forum. Figure 7 illustrates the value of entry by time and

number of disclosures. The values shown in the figure are for the case where the most

recent disclosure is made at t = 0 if there is one. As time progresses, the value of entry

increases, provided that the number of disclosures remains constant. For example,

with no disclosures, the value of entry starts at 9.8% of the engineer’s estimate at t = 0,

and rises to 10.5% by t = 1. As we would expect, this increase reflects that the absence

of disclosures becomes more informative and valuable to firms arriving later in the

period.

At any given point in time, having more disclosures reduces firms’ value of entry. For

example, having one more disclosure decreases a firm’s entry value by 1.3–1.4 % of the

engineer’s estimate, compared to the case without disclosures. This corresponds to a

4–5% drop in entry probability. A second disclosure further lowers entry value by 1.1–

1.2% of the engineer’s estimate. Again, this corresponds to a 5–6% reduction in entry

probability.

Finally, we analyze the value of arrival timing from an ex-ante perspective. Figure

8 presents values of entry based on arrival timing, regardless of whether firms decide
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Figure 8: Ex-ante value of arrival timing
Notes: This figure shows the values of arrival time, from an ex-ante perspective. The results are based

on auctions on overlay projects from the Missoula district.

to enter. Arriving at t = 0 yields an ex-ante value of 1.55% of the engineer’s estimate,

while arriving at t = 1 has a 7% lower value, 1.44% of the engineer’s estimate.

Two opposing effects influence the value of arrival timing. Early arrival allows a

firm to enter the auction and potentially deter others from entering by making a dis-

closure. However, early arrivals also encounter higher uncertainty about the number

of entrants. In contrast, firms arriving later benefit from available disclosures, which

can inform them about whether entry is advantageous, potentially avoiding inefficient

auctions. In our setup, the benefit of early arrival is more substantial, suggesting that

the potential for entry deterrence through disclosure outweighs the informational ad-

vantages of arriving later.

8 Counterfactual Analysis

In this section, we use our model and estimates to evaluate the performance of the

current platform design, the Q&A forum, in comparison to alternative platform de-

signs. We simulate how auction outcomes–the auctioneer’s payment (conditional on

the project getting allocated), the winner’s construction cost, and entry behavior– would
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Table 7: Description of the Counterfactuals
Counterfactual Description Entry Additional

Deterrence Info at Bid

(0) Shutdown Q&A never becomes public

(1) Last minute disclosure Q&A revealed publicly at t = 1 ✓

(2) Status quo Current Q&A forum ✓ ✓

change under different designs for handling questions, or more broadly how entry in-

formation is treated. To understand the role of entry disclosure, we run three counter-

factuals, summarized in Table 7.

It is important to emphasize that entry disclosure impacts the auction outcomes

through two main channels: (i) entry deterrence – entry disclosure reduces the value

of entry for firms arriving after the disclosure, potentially deterring their entry; and (ii)

additional information at the bidding stage – a firm’s disclosure may lead other entrants

to bid more aggressively.

The first counterfactual, (0) Shutdown, corresponds to the case where we shut down

the Q&A forum. In this case, the firms would communicate privately with the auc-

tioneer if they have any questions about the project, and those questions would not

be publicly visible. Consequently, entry disclosure would not be an option, removing

both the potential for entry deterrence and the added information at the bidding stage.

The second counterfactual, (1) Last minute disclosure, considers a case where the

Q&A forum becomes public only after t = T (= 1)but before the bidding window closes.

Here, firms can still submit questions but their entry would only be disclosed after the

entry period ends. As a result, entry disclosures would not deter other firms from en-

tering the auction, though they would still provide additional information about each

firm’s entry status at the bidding stage.

Our final counterfactual, (2) Status quo, represents the current setup with the cur-

rent Q&A forum as implemented by MDOT. Disclosures are made public immediately

upon posting, potentially deterring entry from other firms. Furthermore, these disclo-

sures provide information to entrants during the bidding stage. According to our em-

pirical estimates, firms with lower construction costs—typically stronger bidders—are
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more likely to disclose, meaning that disclosures signal both entry and entrant strength.

In the following sections, we simulate outcomes for auctions on overlay projects,

which constitute the most common type of auction held by MDOT, to analyze how

these alternative platform designs impact key metrics such as auctioneer payments,

winner’s construction costs, and entry behavior. We will use scenario (0) as our bench-

mark.

8.1 Last Minute Disclosure

First, we discuss the auction outcomes under counterfactual (1), where the Q&A forum

becomes public after t = 1. In the equilibrium we have estimated, firms do not engage

in costly disclosures, which are made for strategic purposes. Any disclosure made are

from firms requiring information for exogenous reasons. This results in a disclosure

rate of 27% among the entrants.

Figure 9 provides estimated changes in auction outcomes compared to our bench-

mark case, (0) Shutdown. Moving from a no-disclosure environment (0) to counter-

factual (1), auctioneer’s payment increases by 0.8%, which translates to an increase by

$10,000 for a median-sized project. Moreover, we observe a loss in efficiency in terms

of the winner’s construction cost, increasing by 1.4%. In terms of entry, we see a in-

crease in the number of entrants by 0.6% and 3.2% increase in the total entry cost.

Through disclosures, firms are giving up their information about their own entry,

which is originally private information for them. In this counterfactual, some entrants

are forced to give up such information since they are in need for asking a question

through the forum. However, McAfee & McMillan (1987) and Harstad et al. (1990) have

shown that whether or not bidders know the set of bidders essentially has no impact on

the expected payment for the auctioneer. Therefore, overall level of information about

entry does not directly change the auction outcomes.

Another factor that plays an important role here is asymmetry among the bidders.

Note that in our benchmark case (0), entrants are in a symmetric position since there

is no additional information for them. As long as the firms employ monotone and

symmetric strategies in such scenario, the winner is the firm with the lowest construc-

tion cost, maintaining efficiency in allocation. This observation does not hold in our
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counterfactual case (1). Although firms are ex-ante symmetric, the entrants find them-

selves in asymmetric positions based on whether they have disclosed their entry or not.

For example, let us consider a case where there are two entrants X and Y: firm X have

disclosed entry, while Y have not, thereby an asymmetry in knowledge arises. Firm Y

knows that firm X is participating, but firm X remains uncertain about Firm Y’s entry

status. This difference in information leads Y to adopt a more aggressive bidding strat-

egy than X, ultimately introducing inefficiencies. Consequently, there are cases where

Y may win the auction despite having a higher construction cost than X, resulting in in-

efficiency in terms of winner selection. Furthermore, auctioneer’s payment increases

due to this asymmetry in beliefs about entrants. While the effect of asymmetry on auc-

tioneer can go either way (Maskin & Riley 2000), auctioneer’s payment increases in our

case.

We observe a increase in number of entrants and total entry cost. As the rise in auc-

tioneer’s payment outweighs the increase in the winner’s construction cost, value of

entry increases in equilibrium. And as a result, number of entrants increases. While

this increase in the number of entrants would counteract against the increase in pay-

ments, this force is not large enough to flip the sign. Finally, note that total entry cost

increases by a larger fraction than the number of entrants because the firms who are

marginal here are the firms who have the largest entry costs among the entrants.

8.2 Status quo

Next, we describe the auction outcomes under counterfactual (2), where we are in the

status quo with the current Q&A forum. As we have seen in Section 7, the value of dis-

closure is more pronounced in the earlier stages of the entry period. Approximately

one-third of the firms entering during the first half of the entry period choose to dis-

close entry, with about one-fifth of these disclosures made strategically, involving a

payment of positive disclosure costs. Moreover, we have shown that firms opting to

disclose tend to have lower construction costs. We find that, overall, the firms who dis-

close have 1.5% lower construction cost than the firms who do not disclose. Therefore,

disclosures also act as a signal for strength of the firms.

The estimated changes in auction outcomes for counterfactual (2), the status quo,

relative to our benchmark case, (0) Shutdown, are presented in Figure 9. By introducing
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Figure 9: Changes in auction outcomes under different counterfactuals
Notes: Figure shows auction outcomes under different counterfactuals. The first two bars show the

change in auctioneer’s payment from scenario (0) to counterfactuals (1) and (2), respectively. The next

two bars show changes in winner’s construction cost. The rest of the bars show changes in the number

of entrants and total entry costs.

the Q&A forum, corresponding to moving from our benchmark (0) to counterfactual

(2), auctioneer’s payment decreases by 6.3%, which is a substantial reduction. This cor-

responds to a decrease of $82,000 for a median-sized project. As in counterfactual (1),

we see a loss in efficiency regarding the winner’s construction cost compared to our

benchmark scenario (0). Winner’s construction cost increases by 4.5%, correspond-

ing to a $38,000 increase for a median-sized project. This change is more significant

than the change in counterfactual (1). In addition, we see a decrease in the number of

entrants by 4.9% (equivalent to 0.15 entrants) and 11.1% decrease in total entry costs.

In this counterfactual disclosure conveys information in two dimensions: entry sta-

tus and firms’ strength. Stronger firms are more likely to disclose their entry status,

which means that, in their efforts to deter entry from competitors, they relinquish not

only their information rents related to their private entry status but also those pertain-

ing to their construction costs. Unlike the scenario where information pertains solely

to entry, this additional information about construction costs reduces the auctioneer’s

payment.
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Another factor contributing to the decrease in the auctioneer’s payment is the coor-

dination of entry among bidders. A situation that the auctioneer would want to avoid

is where bidders assign high probabilities to being the only entrant. With the availabil-

ity of the forum, firms can gain information about others’ entry intentions, resulting in

a smaller fraction of auctions featuring only one bidder compared to our benchmark

case. We observe that this fraction decreases by 3% due to the presence of the forum,

in contrast to scenarios where entry decisions are made independently.

Entrants would be placed into an asymmetric position in this counterfactual as well.

Let us consider the same example, there are two entrants X and Y: firm X has disclosed

entry, while Y has not. From X’s perspective, uncertainty remains regarding Y’s entry

status. Moreover, X recognizes that Y is likely a relatively weaker firm, as stronger firms

are more prone to disclose their entry. On the other hand, Y is certain of X’s entry and

holds a belief that X is a relatively stronger firm. As a result, X is inclined to submit a

weaker bid than it would in a situation without any information, while Y is tempted

to submit a stronger bid. Therefore, this environment creates a larger gap in these

firms’ bidding strategies, which gives the firm with larger construction cost a greater

chance of winning the auction. Consequently, we observe a larger efficiency loss in the

winner’s construction cost copared to counterfactual (1).

In terms of entry, we observe a significant decrease in number of entrants and total

entry cost. With a decline in the auctioneer’s payment and an increase in the winner’s

construction cost, the overall value of entry diminishes in equilibrium. The upward

pressure on payments resulting from the decrease in the number of entrants is insuf-

ficient to reverse this trend.

In summary, the availability of this entry disclosure device–the Q&A forum–compels

firms to engage in deterring others’ entry through their disclosures. A key aspect of this

setup is that firms differ along a new type dimension: arrival time. When assigned a

strong type in this new dimension—meaning they arrive early—firms can effectively

deter entry from competitors through their disclosures. Consequently, we observe a

loss in efficiency regarding the winner’s construction cost, as factors beyond construc-

tion costs now influence firms’ strategies at the bidding stage. Additionally, as firms

relinquish their information rents through disclosures to capitalize on their advanta-

geous arrival time, auctioneer’s payment decreases. Bernheim (1984) noted that the
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possibility of strategic entry deterrence has ambiguous effects on market concentra-

tion in scenarios where firms sequentially arrive at the market. In our setup, the entry

disclosure device reduces the firms’ expected profit from entry on average, leading to

fewer entrants overall.

9 Conclusion

In this paper, we study how the option to disclose entry affects market outcomes by an-

alyzing procurement auctions conducted by MDOT. We develop and estimate a model

of a procurement auction with costly entry, where firms sequentially arrive at the mar-

ket and make decisions on entry and disclosure. We present evidence that entry dis-

closure has two competing effects: it enables a firm to deter entry from others; and re-

maining entrants bid more aggressively in response to disclosures. Our analysis reveals

that firms who disclose in early periods benefit from disclosures, as the deterrence ef-

fect of disclosure dominates the impact of more aggressive bidding from others. On

the other hand, late disclosures are detrimental for the firms, as aggressive bidding by

opponents becomes more pronounced. We also document that early arrivals are rela-

tively more valuable in our setting since the firms can enjoy the gains from disclosures,

even though firms have informational advantage when they arrive late.

We then use our model to compare alternative platform designs. Compared to a

scenario where the Q&A forum is shut down– thus eliminating entry disclosure–the

auctioneer’s payment is lower under the current Q&A forum. Entry behavior becomes

more efficient, as fewer firms choose to enter overall. However, this comes at the cost of

efficiency in terms of the winner’s construction cost. Thus, the auctioneer must care-

fully weigh this trade-off when deciding whether to implement such a platform. Two

key factors drive these outcomes. First, the forum encourages early-arriving firms to

disclose their entry status, which also signals their strength. As a result, firms forgo

some information rents, leading to a reduction in the auctioneer’s payment. Next, the

forum allows the firms to coordinate their entry behavior, leading to a smaller fraction

of auctions with few entrants. This coordination further contributes to the reduction

in the auctioneer’s payment.

Our analysis shows how transmission of information can alter market outcomes. We

demonstrate that even a simple Q&A forum can serve as a tool for agents to transmit
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information strategically. Designing such a platform requires careful consideration, as

it can significantly impact the market designer’s objectives, such as welfare.
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Appendix

A Proof: Equilibrium for Two-agent Example

Let agent i ’s inverse bid function be φi = β−1
i . Cost is distributed ∼ U [0, 1]. Player 1

enters with probability 1. Player 1’s belief on Player 2’s entry is with probability r . Let

the reserve price be R = 1.

Derivation and proof for β1 and β2 being the equilibrium bidding strategies when

Player 1 enters and discloses while Player 2 enters but does not disclose, follows Kaplan

& Zamir (2012).

Here, we focus on the proof of optimality of the disclosure strategies taken in our

example. First, let us consider the required condition that forces the first entrant to

disclose. To consider this condition, let us first prove the following claim:

Claim: Fix r . φ1(b ) > rφ2(b ) for all b ∈
�

1
1+r , 1
�

. Note that support of the bids for each

player is
�

1
1+r , 1
�

.

Proof: Let X = r 2

(1−r )2 log 1−b
1
r −b
− r (1+ r )− 2r 2

(1−r )2 log(r )− r 2(1+r )
1−r . Then

φ1 = 1−
1

(b − 1
r )X −

r
1−r

, φ2 =
1

r
−

1

−(b −1)X + r
1−r

To showφ1 > rφ2, it is equivalent to show that:

−r (1+ r )/(1− r )> (2− b r − b )X

holds. Let h (b ) = (2− b r − b )X . Note that h ( 1
1+r ) =−r (1+ r )/(1− r ). Observe that:

h ′(b ) =−(1+ r )X + (2− b r − b )
r 2

(1− r )2

�

1

b −1
−

1

b − 1
r

�
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Again, note that h ′( 1
1+r ) = 0. Next,

h ′′(b ) =−2(1+ r )
r 2

(1− r )2

�

1

b −1
−

1

b − 1
r

�

+ (2− b r − b )
r 2

(1− r )2

�

−
1

(b −1)2
+

1

(b − 1
r )2

�

=
1

(1− r )2
(r −1)3b < 0

Thus, h ′(b ) < 0 for all b ∈ ( 1
1+r , 1). Therefore, h (b ) < −r (1 + r )/(1 − r ) holds for all

b ∈ ( 1
1+r , 1). This is what we wanted to show. ■

Now, we are ready to prove the following claim.

Claim: Fix r . E U1(c )> E U2(c ) for all c ∈ (0, 1). E Ui (c ) is the expected utility for Player

i conditional on entering and cost c , when players take strategies βi and β j .

Proof: Observe that:

E U1(c ) = (β1(c )− c )(1− r ) + (β1(c )− c )r (1−φ2(β1(c )))

= (b1(c )− c )(1− rφ2(β1(c )))

and

E U2(c ) = (b2(c )− c )(1−φ1(b2(c ))).

By the previous claim, we know that rφ2(b2(c ))<φ1(b2(c )) . Now, the following holds:

(b1(c )− c )(1− rφ2(b1(c )))≥ (b2(c )− c )(1− rφ2(b2(c )))

> (b2(c )− c )(1−φ1(b2(c )))

Hence, E U1(c )> E U2(c ) holds for all c ∈ (0, 1). ■

This claim implies that if a Player is entering, they prefer being in the position of

Player 1. Therefore, if you arrive and enter first, it is optimal for the player to disclose

their entry.

The next required condition is that if you are the second entrant facing one disclo-

sure, you do not disclose. To show that this condition holds, we prove the following

claim:

56



Claim: 2b −1>φ1(b ) for all b ∈ ( 1
1+r , 1)when r < 1.

Proof: We will prove 1
2(1−b ) >

1
1−φ1

. Let

H (b ) =
1

2(1− b )
− (b −

1

r
)X +

r

1− r
,

where X = r 2

(1−r )2 log 1−b
1
r −b
− r (1+ r )− 2r 2

(1−r )2 log(r )− r 2(1+r )
1−r . We shall show H (b ) > 0 for all

b ∈ ( 1
1+r , 1). Observe that:

H ′(b ) =
1

2(1− b )2
−
�

b −
1

r

�

r 2

(1− r )2

�

1

b −1
−

1

b − 1
r

�

−X

and

H ′
�

1

1+ r

�

=
1

2r 2
(1− r 2)(1+2r )> 0

Next,

H ′′(b ) =
1

(1− b )3
−

2r 2

(1− r )2

�

1

b −1
−

1

b − 1
r

�

−
�

b −
1

r

�

r 2

(1− r )2

�

−
1

(b −1)2
+

1

(b − 1
r )2

�

=
1
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=
1
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> 0

Thus, H ′(b ) > 0 holds for all b ∈ ( 1
1+r , 1). Moreover, since H ( 1

1+r ) > 0, we get H (b ) > 0

for all b ∈ ( 1
1+r , 1). This completes our proof. ■

Now, to complete our discussion, we show that it is optimal for the second entrant

to not disclose.

Claim: Let the expected player’s profit be V (c )when both bidders take strategy b (c ) =
c+1

2 . Then, E U2(c )>V (c ) holds.
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Proof: Observe that:

V (c ) = (b (c )− c )(1− (2b (c )−1))

< (b (c )− c )(1−φ1(b (c )))

≤ (β2(c )− c )(1−φ1(β2(c )))

= E U2(c ).

First inequality holds since 2b − 1 > φ1(b ) holds by the previous claim. The second

inequality holds by the optimality of β2 when the other bidder employs β1. ■

Combining the results from these claims, we have shown that the disclosure behav-

ior presented in our example satisfies the equilibrium requirements.
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B Step 2 of Identification: Asymmetric Case

Suppose that under hτ, bidders j1, . . . , j J signals before i each at τ j1
, . . . ,τ j J

(τ j1
< · · · <

τ j J
) , and for the rest of bidders k1, . . . , kK , their signals are yet to be observed. Take τk

such that τ jm
<τk <τ holds for all m . Let

At
i (h , ci )≡ F i

E (V
t

i (h ))FQ (∆vi (h , ci )) (B.1)

We consider the following density P :

P = Pr
�

jm signals at τ jm
∀m , i signals at τ, kn does not signal before τ∀n , c⃗ j , ci

�

=
∏

m

f jm
τ (τ jm

)A
τ jm
jm
(hτ jm (τ j1

, . . . ,τ j J
), c jm

) fc jm
(c jm
)

×
∏

n

�

1− F kn
τ (τ) +

∫ ∞

0

∫ τ

0

f kn
τ (t )
�

1−At
kn
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), ckn

)
�

fckn
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)d t d ckn

�

× f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fci
(ci ) (B.2)

We consider the following density Q :

Q = Pr
�

jm signals at τ jm
∀m , i does not signal before τ, kn does not signal before τ∀n , c⃗ j , ci

�

=
∏

m
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i (ht (τ j1

, . . . ,τ j J
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�

fci
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(B.3)

Taking the ratio between these two densities gives us:

P /Q =
f i
τ (τ)A

τ
i (h

τ(τ j1
, . . . ,τ j J

), ci ) fci
(ci )

�

1− F i
τ (τ) +
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0

∫ τ

0
f i
τ (t )
�

1−At
i (ht (τ j1

, . . . ,τ j J
), ci )
�

fci
(ci )d t d ci

	 (B.4)
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Exploiting the relation that

∂ (1− F i
τ (τ) +
∫∞

0

∫ τ

0
f i
τ (t )
�

1−At
i (h

τ, ci )
�

fc (ci )d t d ci )

∂ τ
=

∫ ∞

0

f i
τ (τ)A

τ
i (h

τ(τ j1
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), ci ) fc (ci )d ci ,

the function
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, . . . ,τ j J
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0

f i
τ (t )
�

1−At
i (h

τ, ci )
�

fc (ci )d t d ci

= 1−
∫ ∞

0

∫ τ

0

f i
τ (t )A

t
i (h

τ, ci ) fc (ci )d t d ci

is identified up to scale for all τ ∈ [τ j J
, T ]. Since Γi (0; hτ = φ)=1 holds, Γi (τ; hτ = φ) is

identified. Therefore, f i
τ (τ)A

τ
i (h

τ =φ, ci ) fc (ci ) is identified for all τ ∈ [0, T ].

Now, given that f i
τ (τ)A

τ
i (h

τ = φ, ci ) fc (ci ) is identified, Γi (τ; hτ = τ) is identified. As

a result, Γi (t ; h t = τ) (t ≥ τ) such that h t includes one disclosure at τ is identified. By

induction on the number of disclosures made, repeating this argument will allow us to

identify Γi (t ; hτ) for all histories hτ. Note that f i
τ (τ)A

τ
i (h

τ, ci ) fc (ci ) is also identified for

all hτ.

Let
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×
∏
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Since all the objects that appear in R and S are identified, R and S are identified.

Belief of i can be written as:

Pr
i
(h T |hτ,τi =τ, AQ

i = 0) =R/S

and since R and S are identified, this object is also identified.
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C Details on the Estimation

We discuss the details on the estimation that we omit from the main text.

Step 1. Construction costs ci We estimate G −i , the CDF of the minimum of the bids

among the opponents and the secret reserve price. We assume that G −i and the secret

reserve price both follows a log-normal distribution. Parametric specification of G −i is

given in the main text. We assume that secret reserve price follows log-N (µr ,σr ).

We split our observations into four cases, and show the corresponding likelihood for

each case below:

1. When winner was accepted but the bidder lost the auction:

g−i (b )

where b is the winner’s bid.

2. When you are the winner but rejected:

∫ b

0
g−i (b̃ ) fr (b̃ )d b̃

Fr (b )

3. When you are the winner and accepted, there is another bidder:

g−i (b 2)(1− Fr (b 2))+
∫ b 2

b
g−i (b̃ ) fr (b̃ )d b̃

1− Fr (b )

where b is the winner’s bid and b 2 is the highest opponent’s bid.

4. When you are the winner and accepted, there is no other bidder:

∫ +∞
b

g−i (b̃ ) fr (b̃ )d b̃

1− Fr (b )

where b is the winner’s bid and b 2 is the highest opponent’s bid.
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Using this likelihood, we estimate parameters for G −i and the distribution of secret

reserve price via maximum likelihood. Integration is computed by evaluating values

on a grid.

Given our estimate Ĝ −i , we estimate construction costs for each entrant by:

ĉi = bi −
1− Ĝ−i (b )

ĝ−i (b )
.

Step 2. Belief on the evolution of disclosure history Parameters regarding the dis-

tribution of time intervals between the n-th and (n + 1)-th disclosure, (βµt ,βσt ) are

estimated via maximum likelihood as described in the main text.

Given the estimates on time intervals, we estimate the belief of a firm when the firm

discloses at some time τ facing history hτ. To obtain this estimate, we simulate the

evolution of disclosure histories. The simulation procedure proceeds as follows:

1. Suppose that a firm makes the n-th disclosure. Fix the start timingτn ∈ {0, 0.05, 0.1, . . . , 0.95}.

2. Draw the timing of the next disclosure τn+1. If the next disclosure does not exist,

terminate. Otherwise, repeat this step until the next disclosure does not exist or

there are no potential bidders left.

We take 10,000 draws for each τn . This gives us the estimated belief µ̂i for cases where

i discloses.

Next, we estimate the belief of a firm when the firm enters but does not disclose.

To obtain this estimate, we again simulate the evolution of disclosure histories. The

simulation procedure proceeds as follows:

1. Suppose that a firm observes n disclosures. Fix the entry timingτ ∈ {0, 0.05, 0.1, . . . , 0.95}.
Also, fix the timing of the latest question τn ∈ {0, . . . ,τ} (τ0 = 0 if n = 0).

2. Draw the timing of the next disclosure τn+1. To make a draw, we exploit the fol-
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lowing relationship, which we have shown as equation 5.3:

Pr(τn+1 > t or (n +1)-th disclosure does not exist)(M−1)/M

=µi (τ
n+1 > t or (n +1)-th disclosure does not exist)

where M is the number of potential entrants who have not disclosed atτ, includ-

ing firm i . If there are no disclosures beyond, terminate.

3. We draw the next disclosure timing until the draw suggests that next disclosure

does not exist. Here , we exploit:

Pr(τn+k > t or (n +k )-th discl. does not exist | (n +k −1)-th discl. is at τn+k−1)(M−k )/(M−k+1)

=µi (τ
n+k > t or (n +k )-th discl. does not exist | (n +k −1)-th discl. is at τn+k−1).

We take 10,000 draws for each tuple (τ, n ,τn ). This gives us the estimated belief µ̂i for

cases where i does not disclose.

When we need to evaluate µ̂i when timings are not on the grid {0, 0.05, . . . , 1}, we

make a linear interpolation.

Step 3. Value of disclosure In this step, we aim to obtain an estimate for the value of

disclosures. First, we estimate the value from bidding conditional on time-T history

Vi (h T , c ) by:

V̂i (h
T , c ) =max

b
(b − c )(1− Ĝ−i (b |h T )),

where Ĝ−i is the estimated CDF of the lowest bid from opponents. We estimate this

object for all h T and for all values of estimated construction costs. For h T , we include

the number of disclosures from opponents, a dummy for whether i disclosed, and i ’s

disclosure timing. we evaluate V̂i on a grid of disclosure timings: {0, 0.05, . . . , 1}. A linear

interpolation is made when necessary.

Next, we estimate the values with and without disclosure, v 1,τ(hτ, c ) and v 0,τ(hτ, c ).
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This value is estimated by:

v̂ j ,τ(hτ, c ) =

∫

V̂i (h
T , c ) µ̂i (h

T |hτ,τi =τ, aQ
i = j ) d h T

for j = 0, 1. Note that although we have expressed this as an integration, due to our

estimation procedure, µ̂i is a discrete distribution. Therefore, this calculation turns

out to be a summation, in practice. We estimate these objects for all hτ and for all

values of estimated construction costs. For hτ, we include the number of disclosures

from opponents and the most recent disclosure timing. The values are evaluated on a

grid of time τ: {0, 0.05, . . . , 1}. A linear interpolation is made when necessary.

Then, value of disclosure∆v τ(hτ, c ) can be estimated as:

d∆v
τ
(hτ, c ) = v̂ 1,τ(hτ, c )− v̂ 0,τ(hτ, c ).

Step 4. Model primitives The model primitives are estimated via maximum likeli-

hood as described in the main text. We calculate standard errors via bootstrapping.

Our final procedure bootstraps over the entire estimation procedure to incorporate

estimation error in earlier steps.
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D Simulating the Status Quo and Model Fit

We simulate the auction outcome under status quo using our estimates to consider

counterfactuals and evaluate the model fit. The procedure is as follows:

1. For each potential bidder i , we draw a tuple (τi , c E
i , c Q

i , ci ) – arrival timing, en-

try cost, disclosure cost, and construction cost–. Moreover, we make draws for

whether i considers entry and whether i is forced to disclose.

2. Starting from the firm with the earliest arrival timing, we determine their actions

on entry and disclosure. For entry, we use the estimated value of entry v̂ τi (hτi ) to

assign the entry action. For disclosures, we use the estimated value of disclosure

d∆v
τi (hτi , ci ).

3. Repeat the previous step until all the actions are determined for the firm with the

latest arrival timing.

4. Now that the time-T history h T is determined, we solve:

arg max
b

(b − ci )(1− Ĝ−i (b |h T ))

and obtain bi for each entrant.

We repeat this procedure for 10,000 times.

Figure 10 shows the observed and simulated outcomes from the auction. The model

does relatively well fitting the overall shape of the actual bid distribution, number of

entrants, number of disclosures, and timing of disclosures.
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(a) Bid (b) Number of entrants

(c) Number of disclosures (d) Timing of disclosures
Figure 10: Model Fit
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E Appendix Tables

Table E.1: Secret reserve price
Distribution: Log-normal

Parameters Estimate S.E.
µ 0.738 0.079
σ 0.261 0.057

Note: Table shows parameters for the
distribution of the secret reserve price.
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Table E.2: History Transition
Variables Estimate S.E.
µt

Constant 0.720 0.358
# Q posted (n) -0.214 0.141
ln(# Pot. Bidders not posted Q yet +1) 0.099 0.136
Time of previous Q (τn ) -0.873 0.164
Type:

Overlay -0.222 0.081
Safety -0.054 0.099
Bridge -0.291 0.100
Recons -0.655 0.135
Others Reference

District:
Missoula Reference
Butte 0.060 0.071
Great Falls 0.133 0.068
Glendive 0.079 0.082
Billings 0.130 0.089

log σt

Constant 0.447 0.248
# Q posted (n) 0.237 0.433
ln(# Pot. Bidders not posted Q yet +1) -0.407 0.131

Note: This table presents estimated parameters (βµt ,σσt ) that relates to
the distribution of (n + 1)-th disclosure, conditional on the n-th disclo-
sure. The specification is described in Step 2 from Section 6.2.
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