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Traditional auction theory typically assumes that bidders will fully honor their commit-
ments upon winning. However, this assumption often proves inadequate in high-stakes
auctions, such as those for infrastructure projects or luxury assets, where securing the nec-
essary funds post-auction can pose challenges. Factors such as market volatility, liquidity
constraints, or delays in financing frequently result in bidder defaults, leading to substan-
tial disruptions for sellers, including the costs of re-auctioning and project delays. This
paper seeks to bridge this gap in auction theory by exploring how comprehensive infor-
mation about bidders’ default risks can be utilized through a straightforward post-bidding
mechanism. Furthermore, it highlights the advantages this approach offers to the auction-
eer compared to scenarios where such critical information is unavailable.
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1 Introduction

Auction theory has long been a central framework in economics, particularly for pricing and
allocating goods in competitive markets. It underpins key mechanisms in business transactions,
such as sales of assets, government contracts, and procurement processes, with the goal of
optimizing revenue or ensuring efficient resource allocation. Traditional auction models, such
as the first-price and second-price sealed bid auctions, assume that bidders are rational, have
perfect information, and will fulfill their financial commitments once they win the auction.
These models typically maximize expected revenues based on bidders’ valuations and bidding
strategies, operating under the presumption of stable market conditions and reliable payments.
However, the limitations of this presumption motivate the present study.
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1.1 Research Motivation and Research Gap

However, in high-value auctions, especially in volatile markets, these assumptions may break
down. Market fluctuations, liquidity constraints, credit risk, and the potential for strategic mis-
calculations can all lead to a bidder’s inability to secure the necessary funds to honor their bid.
For instance, a sudden downturn in the market or unexpected regulatory changes may impair
a bidder’s financing options, rendering them unable to follow through on the commitment. In
such scenarios, even though the auction is designed to allocate the asset to the highest bid-
der, external factors and strategic bidding behavior often result in defaults, undermining the
auction’s intended outcomes. While a bid is typically regarded as a legally binding contract,
enforcing it in practice can be difficult for sellers. Legal actions to compel bidders to honor
their financial commitments are often prolonged and prohibitively expensive [Pacific Debt Re-
lief, [2023]]. Weak enforcement of contractual obligations or declaration of bankruptcy by the
winning bidder aggravate the issue further [Iyer and Schoar, [2024} Board, |2007]. A notable ex-
ample [Guptal |2008]|| of a high-value auction in the infrastructure sector where a winning bidder
withdrew due to an inability to arrange funds is found in India’s national highway construction
projects. Instances like these often involve complex bidding processes facilitated by the Na-
tional Highways Authority of India (NHAI). In one such scenario, a bidder who had initially
secured a significant contract later defaulted. The reasons included the inability to meet the
financial criteria and challenges in arranging funds amidst volatile economic conditions. This is
not uncommon in infrastructure projects, especially those requiring massive capital investments.
Bidders might overestimate their financial capacity or face unforeseen challenges such as in-
creased borrowing costs, liquidity crunches, or changes in market conditions. These defaults
can significantly delay project timelines and increase administrative burdens for entities such
as NHAI, which must re-tender the projects or negotiate with alternative bidders. Therefore,
the concept of opportunity cost of the seller is pivotal in auction theory for analyzing the eco-
nomic impacts of bidder defaults. A default results in more than just immediate revenue loss;
it imposes implicit costs tied to foregone alternatives. For example, prioritizing a slightly lower
bid from a reliable bidder could ensure timely execution and efficient utilization of resources.
This is especially crucial in industries like infrastructure, energy, or public procurement, where
defaults can lead to significant delays, cascading inefficiencies, and disruptions to planned op-
erations. In public auctions, the legal expenses incurred by the government to address defaults
divert resources from other essential areas, thereby adding to the overall fiscal burden. Miti-
gating these challenges is key to developing reliable auction mechanisms that strike a balance
between maximizing revenue, ensuring reliability, and maintaining efficiency.
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1.1.1 Research Gap

In traditional auction models, it is assumed that once a bid is placed, the bidder is committed to
the transaction. Models like first-price auctions and second-price auctions primarily focus on
the distribution of bids and the price realization, assuming that the winner will pay the price they
bid. However, this assumption often breaks down in high-stakes auctions, particularly those
involving large infrastructure projects, real estate, or government contracts. In such auctions,
bidders may be unable to arrange the necessary financing to complete the deal, even after being
declared the winner, thus leading to auction failure and delays in the awarding of contracts.
This issue of bidder withdrawal due to financing constraints remains largely under-explored
in auction theory. Existing research, such as [Melnik and Alm, {2002, Krishna, 2003]], touches
on the general structure of auction models but does not consider the implications of bidder de-
faults. Some studies do explore bidder behavior under uncertainty or financial constraints, but
these models rarely apply to the high-value contexts where default risks are more pronounced
and caused by exogenous factors ensuring that those uncertainties are beyond the control of
the bidders. Moreover, when considering collusion or strategic manipulation, the traditional
models fail to address how bidders might intentionally withdraw after securing the win in or-
der to re-negotiate terms or re-enter the auction when conditions are more favorable [[Che and
Gale, [1998]]. [ILu|[2009] examines scenarios where bidders face an opportunity cost when decid-
ing to place a bid. [Lamping| [2007]], Lee and Li| [2019] examine auctions with bidder defaults
and analyzes their impact on overall welfare. However, the study assumes that bidders have
control over their default probabilities, which can be reduced through the imposition of penalty
clauses. However, when bidders’ default probabilities are beyond their control as they are driven
by exogenous factors, imposing penalties for defaults exceeding a certain threshold discourages
participation, ultimately reducing the expected revenue. |Dirk Engelmann and Valente| [2023]]
partially explore this problem by analyzing auctions with second-chance offers; however, it
neither considers the costs incurred by the seller due to the default of the initially declared
winner nor focuses on designing a reliable auction mechanism that minimizes the probability
of default of the initially declared winner. These gaps lead to a natural design question: Can
we frame a reliability-aware auction as a traditional optimal auction when the winning bidder
may, with an exogenously determined finite probability, fail to honor the bid? Our position
is that a classic optimal-auction approach may not be a natural fit here. Once a winner can
default and the seller bears opportunity-cost losses (delay, foregone alternatives, reallocation
effort), expected revenue depends on award, execution, and post-default contingencies, making
the problem dynamic and state-contingent rather than one-shot. This undermines the clean,
single-dimensional structure behind standard results with monotone allocation and the payment
identity, especially when penalties are bounded and reliability differs across bidders or is only
partially observed—effectively yielding multi-dimensional bidder types. Allowing backup al-
location can improve allocative efficiency, but it does not minimize the probability that the first
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winner defaults, and it leaves the seller exposed to opportunity-cost losses when defaults occur.
Taken together, these features render general closed-form “optimal auction” characterizations
fragile and motivate a focus on reliability-aware and implementable designs with reliability-
weighted selection and on benchmarking their performance against idealized upper bounds.

Consideration of reliability in the context of auction has significant practical significance.
In the absence of reliable auction designs, sellers in high-value auctions are exposed to con-
siderable risks, including revenue loss and delays in project execution. These risks can render
the auction process ineffective, particularly in scenarios characterized by financial uncertainty.
For example, infrastructure projects like road construction or power plant development, which
demand substantial capital investment, may experience bidder defaults due to unexpected fi-
nancing challenges. Such defaults often necessitate expensive re-auctions and increase the
likelihood of revenue shortfalls for the seller. However, the question remains whether hav-
ing complete information about bidders’ default risks caused by exogenous factors provides a
tangible advantage in designing reliable auctions compared to scenarios where this information
is unavailable to the seller.

1.2 Our Contribution

We propose a post-bidding mechanism that prioritizes highly reliable bidders over unreliable
ones, while ensuring that the expected revenue remains unaffected. Minchuk and Sela| [2018]]
introduce a pre-bidding auction mechanism but assumes that all bidders are perfectly reliable.
We extend this approach by incorporating bidders’ default risk information into the auction
framework, ensuring that a reliable bidder wins the auction with certainty, provided his bidding
capacity is competitive relative to the unreliable bidders. Our contributions are as follows:

Contribution 1. We introduce a sequential mechanism for high-value auctions, accommo-
dating scenarios where all but one bidder may withdraw their bids due to external influences,
such as market volatility caused by macroeconomic shocks. Our analysis reveals that the pro-
posed mechanism exhibits lower sensitivity to bidders’ default probabilities compared to the
conventional second-price auction.

Contribution 2. We establish the condition under which incorporating risk information into the
auction mechanism guarantees to yield higher expected revenue with significantly large number
of unreliable bidders compared to a standard second-price auction, where such risk information
is unavailable to the seller.

Contribution 3. In the specific scenario where bidders’ private values are drawn from a

uniform distribution, we prove the existence of a threshold default probability beyond which
integrating risk information into the auction mechanism yields superior outcomes compared to
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scenarios where such risk information is absent, regardless of the number of unreliable bidders.
We computed the values of the threshold default probability for different situations.

The structure of the paper is as follows: Section [2| presents a concise overview of the related lit-
erature. Section [3|details the definitions and the model. Section[d]provides an in-depth analysis,
while Sections [5|and[6] discuss policy implications and future research directions, respectively.

2 Related Literature

This paper is related to several key research areas:

2.1 Auctions with Reputation Systems

The closest research theme to this paper pertains to auctions involving reputation systems. The
integration of reputation mechanisms into auctions, particularly regarding sellers, is a well-
established field. Experimental research, such as [Bolton et al., 2002]], highlights that reputa-
tion systems can significantly enhance the success rates of transactions. Field studies similarly
underscore the positive effects of seller reputation on auction outcomes [Ba and Pavloul 2002,
Melnik and Alm)| 2002} Dellarocas and Wood, 2008, Lucking-Reiley et al.,2007]. For instance,
Livingston| [2005] investigates the impact of a robust reputation in online auction settings. In
contrast, [Kas et al.|[2023] challenge the conventional view in economic sociology that mar-
kets require institutional frameworks to prevent opportunism. They argue that, while reputation
systems are effective in identifying trustworthy sellers, the presumption that they are necessary
to combat dishonesty reflects an unsubstantiated cynicism about human behavior. |Gregg and
Scott [2006] examine the role of online reputation systems in helping buyers avoid fraudulent
auctions.

In contrast, the exploration of buyer reputation systems in auction settings is relatively un-
derdeveloped. [Tadelis| [2016]] demonstrates that positive ratings from buyers can aid their entry
into the auction market as sellers. |Cabral and Hortacsul [2010] provide evidence from eBay
suggesting that buyer ratings can influence seller behavior, although this becomes problem-
atic when separate ratings exist for buyers and sellers, leaving the relevance of buyer ratings
in the seller context ambiguous. |Dirk Engelmann and Valente| [2023]] delve into buyer reputa-
tion systems, focusing on how second-chance offers affect bidding strategies and how habitual
defaulters exploit these mechanisms. Their experimental results underscore the importance of
buyer ratings, revealing their influence on bidding behavior and the strategic interactions shaped
by competing buyers’ ratings. However, the study does not propose a mechanism to prioritize
reliable bidders or address the seller’s costs due to bidder defaults.
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2.2 Auctions with Default Risks

This paper builds upon research exploring auctions where bidders or auctioneers might with-
draw strategically. For example, Roelofs| [2002] investigates a common-value auction model
that explicitly allows bidder defaults. |Pagnozzi and Saral [[2019] discuss an auction mecha-
nism that accommodates bidders with limited liability, enabling them to mitigate ex-post losses
through default or resale options. |[Harstad and Rothkopf] [1995] explore the use of withdraw-
able bids as a strategy to counter the winner’s curse, proposing penalties to deter such behavior.
Similarly, Lorentziadis| [2014] studies sealed-bid auctions where the auctioneer might default
with some probability, while|ChienHsing Wu and Ho| [2022]] empirically examine the behavior
of non-paying bidders. [Holland and O’ Sullivan|[2007]] address the bid taker’s exposure problem
in combinatorial auctions, while |Lorentziadis| [2014] discusses the costs incurred by the seller
when a winning bidder defaults. |Lee and Li|[[2019] look at the role of costly participation in auc-
tions, exploring the effects of bidder defaults on social welfare. [Chillemi and Galavotti| [2024]]
focus on scenarios where firms with cheaper technologies are more prone to ex-post defaults,
offering conditions that ensure a first-price auction with audit is optimal. |Arve and Martimort
[2024] investigate how uncertainty in the cost of add-ons introduces background risks for the
auctioneer, requiring the inclusion of a risk premium in procurement auctions.

2.3 Risk Management and Credibility in Auctions

A related body of research investigates how risks are managed within auction settings. For
instance, [DeMarzo et al., [2005] analyze security-bid auctions which considers informal set-
tings in which the bidders offer arbitrary securities and the seller chooses the most attractive
bid based on its beliefs ex-post. [Engel and Wambach| [2005]] examine cases where the winning
bidder experiences financial distress or bankruptcy before fulfilling their obligations, propos-
ing mechanisms such as split awards and rationing to mitigate these risks.[Spagnolo et al.,
2006] suggest average pricing mechanisms to reduce price competition and prevent cost over-
runs, thereby alleviating the financial pressure on bidders in volatile market conditions. This
research intersects with the literature on credible auctions, particularly those concerned with
the trustworthiness of sellers [Tadelis, [2016]]. Theoretical studies have focused on mechanisms
to build trust and address issues like moral hazard and adverse selection, aiming to achieve
more efficient market outcomes [Tadelis| [2002]]. Additionally, research has examined contrac-
tual mechanisms such as retainage to reduce moral hazard on the seller’s side [Walker et al.,
2021[]. Recent studies, like [[Akbarpour and Li, |2020]], propose that the ascending price auction
with reserves is the only credible, optimal, and strategy-proof mechanism, though it involves
significant communication complexity.

Our work distinguishes itself from the aforementioned studies by introducing a sealed-bid auc-
tion mechanism that prioritizes reliable bidders. This mechanism aims to minimize the like-
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lihood of a winning bidder defaulting while maximizing the seller’s expected revenue. By
attributing the risk of default to external, uncontrollable factors, the model excludes penalty-
based solutions and instead focuses on optimizing the trade-off between revenue generation
and enhancing auction outcome reliability, particularly by reducing the probability of a default
by the winner.

3 Definitions and Model

We first introduce the following definitions before moving on to the model.

3.1 Bidder’s Reliability

Bidder’s reliability refers to the likelihood that a bidder will fulfill its obligations upon winning
an auction. Economically, it is inversely related to the bidder’s default probability (p), which
quantifies the probability of failure to meet contractual commitments due to financial, opera-
tional, or external market factors. A highly reliable bidder exhibits a low value of p signifying
reduced vulnerability to market volatility. Therefore, bidder’s reliability, framed in terms of
default probability, serves as a critical metric for understanding and managing susceptibility
to market volatility in auctions. By incorporating reliability considerations, auctioneers can
achieve outcomes that are not only financially optimal but also robust against external eco-
nomic uncertainties. This approach aligns with the broader objectives of risk management and
sustainable economic practices in auction design.

3.2 Auction Reliability

Definition 1. An auction A; is deemed more reliable than auction Aj if the expected probability
of the first declared winner fulfilling their commitment without default in ‘A, exceeds that in A,.

We represent the reliability of the auction A by R(A). Therefore, R(A;) > R(A,) indicates
that auction A; is more reliable than the auction A,.

3.3 Seller’s Opportunity Cost

We assume that the seller incurs an opportunity cost C where 0 < C < 1 when the winning
bidder defaults. We assume 0 < C < 1 since C > 1 offers little to no incentive for the seller to
conduct the auction, particularly when bidders’ private valuations are drawn from any regular
distribution with support in [0, 1].

Refer to Appendix B [6] for detailed discussion on Auction Reliability and Seller’s Opportunity
Cost.
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3.4 Model Specification

A single object is available for sale in an auction. The auction features n risk-neutral bidders
with n > 3, among whom one bidder is completely reliable, ensuring a probability of default
equal to O in case it wins. This bidder who never defaults is denoted as B,. The remaining
n — 1 bidders are subject to market volatility, which affects their ability to fulfill financial com-
mitments after winning. Their probability of default is denoted as p, where 0 < p < 1. These
bidders are represented as B! where 0 < i < n — 1. It is important to note that bidders can-
not influence their default probability p, as it is dictated by several exogenous factors such as
prevailing market volatility and many others. All bidders independently draw their private val-
uations from the same cumulative distribution F(x), with the corresponding probability density
function f(x). We assume that f(x) is positive, continuous, and differentiable on the interval
[0, 1], and equals zero elsewhere. Furthermore, we impose the standard monotone hazard rate
1-F(x)

property on f(x) which requires that o is non-increasing.

3.4.1 Remarks and Assumptions

We set out a few remarks on the model’s specification and the model’s key assumptions below
before moving on to the analysis.

Remark 1. Although penalty clauses are sometimes proposed to deter default in auctions
in extant literature(e.g., [Lee and Li, [2019]]), when default risk is high and exogenous they nei-
ther reduce defaults nor preserve participation. We therefore set penalties aside and focus on
mechanisms that remain effective under elevated, non-controllable default probabilities.

Remark 2. Our model is based on the observations made in extant literature (such as [Sharma
et al., 2014])) that most of the firms are subject to market risk and uncertainties because they
operate in dynamic economic environments where external factors influence their outcomes.

Refer to Appendix [6] for a detailed discussion on the above remarks.

Assumption 1. [|Gretschko and Mass, 2024, |Krishnal |2003]] All unreliable bidders adopt a
symmetric pure bidding strategy 8 : [0,1] — [0, 1], where B(-) is a monotonically increasing
function and 5(0) = 0.

In auction theory, it is commonly assumed that all bidders adhere to a symmetric bidding strat-
egy 8 :[0,1] — [0, 1] for expositional convenience, with 8(-) being a monotonically increasing
function and S(0) = 0. This assumption is justified by the fact that symmetry naturally follows
when bidders are ex-ante identical, implying that each unreliable bidder draws their private
values independently from the same distribution and faces the same set of auction rules. This
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symmetry ensures that no unreliable bidder has a strategic advantage, leading to the adoption
of symmetric bidding strategies in equilibrium. The monotonicity of 8(-) aligns with the natu-
ral outcome in first-price auctions, where bidders with higher private values place higher bids,
thereby ensuring allocative efficiency. The condition S(0) = 0 ensures that a bidder with a pri-
vate value of zero will bid zero, which is a rational strategy to avoid incurring a guaranteed loss
in the event of winning. This assumption simplifies the analysis by reducing the complexity of
bidder interactions.

Definition 2. (Equilibrium) We define the equilibrium as a Bayesian Nash Equilibrium (BNE),
where the strategy profile of unreliable bidders maximizes their expected utility by submitting
bids that surpass both the bids of other unreliable bidders and the reliable bidder’s private
valuation. This bidding strategy is determined based on their beliefs about the private values of
all participants. The equilibrium ensures that unreliable bidders optimize their probability of

winning while considering the strategic interactions with both reliable and unreliable bidders.

3.5 Auction Mechanism

The steps in the auction mechanism are as follows:

Step 1. The auctioneer requests all n — 1 bidders, B!, whose default probability is p, to submit
their bids.

Step 2. The auctioneer ranks the bids and identifies the provisional winner based on the highest
bid.

Step 3. The auctioneer allows the highest and second-highest bidders to openly adjust their
bids, with the process continuing iteratively until one of the bidders decides to withdraw from
further raising the bid. Let’s assume that by, is the highest bid placed in this step.

Step 4. The auctioneer inquires whether bidder B,, the bidder with a default probability of 0,
is willing to pay the amount r = (1 — p)by,.

Step 5. If B, consents to pay the amount specified in step 4, the item is awarded to B,. Oth-
erwise, the item is allocated to the winning bidder from step 3, who is then required to pay the
final bid he submitted in step 3 i.e by,.

The mechanism evidently provides a favorable advantage to the reliable bidder. In real-world
procurement auctions, it is a common phenomenon that incumbent bidders—those with prior
contracts or established relationships with the procuring entity—often receive preferential treat-
ment [Colucci et al., 2012]. Such advantages may take different forms, including the right to
match the highest competing bid, additional weighting in evaluation metrics, or exclusive rights
to negotiate contract terms.

353



Review of Economic Analysis 17 (2025)[345}-378

3.6 Information Structure

The model’s information structure is outlined as follows:

Private Information. Each bidder’s valuation is private and known solely to the respective
bidder, with no access to other bidders or the seller. At Step 4, the reliable bidder learns the
reserve price r, which remains confidential between the seller and the reliable bidder, without
being shared with the unreliable bidders.

Common Knowledge. The distribution function from which bidders derive their private val-
uations is common knowledge to all participants, including the seller. In addition, each bidder’s
default probability representing its respective reliability is common knowledge as well to all
bidders and the seller.

At this stage, a key question arises: as per Step 1, only n — 1 unreliable bidders are required
to submit bids. Would including all n bidders, the reliable bidder included, make the auction
more competitive? The answer is no. If the reliable bidder knows they are the preferred bidder
and will always receive a second chance if he is not the highest bidder, he would strategically
bid just below the second-highest bid to maintain the equilibrium. Consequently, incorporat-
ing the reliable bidder into Step I would not change the auction’s outcome. Moreover, some
auction mechanisms allow the item to be awarded to the second-highest bidder if the winning
bidder defaults [Dirk Engelmann and Valentel 2023 [Bagchi et al.,[2013]. In such auctions with
second-chance offers, a default by the winning bidder delays payment, as the seller must en-
gage the second-highest bidder to assess their willingness and ability to pay, and renegotiate the
terms. This process prolongs the transaction, creates administrative burdens, and may further
delay payment if the second bidder is hesitant or imposes additional conditions. These delays
disrupt the seller’s cash flow, reduce operational efficiency, and negatively affect profitability by
postponing revenue realization and increasing administrative expenses [Paul et al., [2012].

4 Analysis

The seller implements the standard A% auction when no information about bidder risk is avail-
able. Conversely, if the seller possesses risk information about the bidders, the proposed auction
mechanism [3.5] referred to as A”, is conducted. To analyze the interplay between bidder relia-
bility and the expected revenue under the proposed mechanism, a comparison is made with the
outcomes of the standard second-price auction.

Proposition 1. (Auction Reliability) For any distribution function f(x), a threshold default
probability p* for the unreliable bidders is guaranteed to exist such that for any p > p*, the
proposed auction mechanism A will consistently exhibit higher reliability compared to the
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standard second-price auction AT i.e. R(AP )|p > R(ASP )(

2p* = pzp*

The existence of a threshold default probability p*, beyond which the proposed auction mech-
anism A’ consistently outperforms the standard second-price auction (A?) in terms of reli-
ability, carries significant implications in economic theory and practice. This highlights how
auction mechanisms can be tailored to enhance outcomes in markets with varying levels of risk
and uncertainty. The threshold p* represents a critical point where the default risk of unreli-
able bidders begins to significantly influence auction outcomes. Economically, this threshold
marks the limits of effectiveness for the standard second-price auction in maintaining bidder re-
liability. Above this threshold, A” becomes superior in minimizing default risks, indicating its
adaptability to high-risk environments. Winning bidder defaults can disrupt resource allocation,
necessitate costly re-auctions, and delay the realization of revenues. The higher reliability of A"
in such scenarios ensures smoother market operations by reducing these inefficiencies. This is
particularly important in high-stakes auctions such as infrastructure projects or public procure-
ments, where defaults can have cascading economic consequences. By prioritizing mechanisms
that implicitly or explicitly reduce the likelihood of defaults, A" incentivizes participation from
bidders who are less likely to default. This improves the probability of successful contract ex-
ecution. The superiority of A’ beyond the threshold p* underscores the economic value of
designing auction mechanisms that account for bidder heterogeneity, especially regarding finan-
cial reliability. Such mechanisms reduce the systemic risks posed by default-prone participants,
promoting overall market resilience. In sectors where bidder reliability directly affects social
welfare—such as public infrastructure or defense procurement—the ability of A” to outperform
the standard auction format translates to broader societal benefits. Reliable auction outcomes
ensure that critical projects are less likely to face delays or cost overruns due to bidder defaults.
This result emphasizes the importance of tailoring auction designs to market conditions. While
the second-price auction has broad theoretical appeal due to its allocative efficiency, its perfor-
mance deteriorates in environments with significant bidder unreliability. Mechanisms like A",
which are robust to such conditions, reflect the practical need for dynamic and adaptive auction
designs in real-world markets.

The central question that remains is: Does achieving reliability in auction outcomes come at
the cost of revenue? We will address this question in the following analysis. In traditional auc-
tion theory, the opportunity cost loss of the seller is often overlooked when the winning bidder
defaults. This oversight can have significant economic implications, as the seller not only faces
direct revenue loss but also indirect costs arising from missed opportunities and inefficiencies
in resource allocation. Opportunity cost, in economic terms, refers to the value of the next best
alternative forgone due to a particular decision. In the context of auctions, when a winning
bidder defaults, the seller loses the opportunity to sell the good or service to other potential
bidders who might have been willing and able to complete the transaction. For example, in
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public infrastructure auctions, when the winning bidder defaults on payment or project execu-
tion, the government loses not only the immediate revenue but also the economic benefits of
timely project completion, such as job creation, economic stimulation and overall economic
sustainability [Hussain et al., [2023]].

Before moving on to the next proposition and numerical analyses, let us present the follow-

ing Lemma.

Lemma 1. If the bidders draw their private values from any regular distribution f(x) so that it
satisfies 2f(x) > f'(x) for all x € [0, 1], the expected value of by, as per the step 3 of mechanism

in A” is given by
1 ~g(vi)
E[by] = (n—1)(n - 2)[[() fo g01) F"(va) f(v1) f(v2) dvy dvy

1 V1
+ f f V2 F"3(2) f1)f(v2) dv dv,
0 Jgv1)

where g(-) is a continuous and differentiable function and g(x) < x.

Lemma 2. For any regular distribution function f(x) with support in [0, 1], the second-highest

valuation, X, drawn from f(x) satisfies the following relation: lim,_, x» ~ 1

Using Lemma (1|and [2] we now present the following proposition which presents the properties
of the expected revenue of the proposed mechanism [3.5]in comparison with standard second-
price auction:

Proposition 2. (Expected Revenue) The following results hold for any regular distribution f(x)
that satisfies 2f(x) > f'(x) and 0 < C < 1 where n(A) denotes the expected revenue of auction
A:

1. lim,_e (ALY > lim,,_, o 1(ASF)

aﬂSP
op

. P .
2. lim, 00 |‘%' < lim,_ e '

When the expected revenue of the proposed auction mechanism surpasses that of the standard
second-price auction for a sufficiently large number of bidders, it signals a critical economic
advantage in environments with high bidder unreliability. This outcome suggests that the pro-
posed mechanism is more robust and reliable in mitigating the adverse effects of bidder defaults
on the seller’s revenue. The reduced sensitivity of revenue to default probabilities implies that
the seller can achieve greater stability in expected revenue, even as the proportion of unreli-
able bidders increases or their likelihood of default becomes significant. This resilience arises
because the proposed mechanism incorporates features—such as prioritizing reliable bidders
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or optimizing bid allocations based on default risks—that internalize the costs associated with
bidder unreliability. As a result, the seller benefits from a mechanism that not only maximizes
revenue in competitive scenarios with many bidders but also offers a safeguard against the
volatility induced by high default risks, enhancing overall auction efficiency and predictability.

1. Proposition [2|is guaranteed to hold universally for all distributions f(x) that satisfy the
condition 2 f(x) > f’(x) for all x € [0, 1]. For example, uniform distribution or truncated
exponential distribution with rate parameter 4 > —2 will fall under this category. How-
ever, in certain special cases the distribution function f(x) might not satisfy the inequality
2f(x) > f’(x) all over its domain, yet Proposition 2] could still hold. For instance, if the
bid submitted by the provincial winner in Step 2 of mechanism [3.5]is denoted by b,,, and
the condition f”(b,,) < 2f(b,,) holds, then Proposition 2] remains valid.

2. We examine the comparison between two auction mechanism in more detail for a special
case in section 4.l

Corollary 1. Proposition[2)is also applicable to the standard first-price auction.

The Revenue Equivalence Principle [Heydenreich et al.| 2009]] asserts that, under the assump-
tions of risk-neutrality, independent private values, symmetric bidders, and efficient allocation,
all standard auction formats produce the same expected revenue for the seller and the same
expected utility for the bidders. Consequently, reliability is identical for both the second-price
and first-price auctions, as all bidders have an equal probability of winning. This consistency
underpins the applicability of Proposition [2| to both standard first-price and second-price auc-

tions.

Corollary 2. Under the assumptions made in the proposed model, a critical default probability,
Pe, always exists such that m(AST) < 0 for all default probability p > p., while n(A") > 0 for
all p € [0, 1].

This implies that there is no reason for the rational seller to conduct A” if p > p. but
the revenue from A’ is always non-negative irrespective of the the value of p. The divergence
in outcomes between auctions that incorporate bidder default risk information and those that
do not highlights the importance of risk-informed mechanism design. In a standard auction
mechanism, such as the second-price auction (A5F), the seller’s expected revenue can turn neg-
ative when the probability of bidder default (p) exceeds a critical threshold (p.). This occurs
because the mechanism fails to account for the likelihood of unrealized payments due to de-
faulting bidders. When defaults are frequent, the seller faces administrative costs, delays in
asset allocation, and potential legal disputes, which collectively erode the net revenue to the
extent that it becomes negative. For instance, in public-private partnership (PPP) infrastructure
projects, bidders often default on financial commitments due to macroeconomic volatility or in-
ternal financial instability [Menezes and Ryan, |2013]]. A standard auction design in such cases
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could lead to seller’s negative payoff resulting in significant project delays, increased costs, and
a failure to meet public service goals. Another practical example can be observed in real estate
auctions where high-value properties attract speculative bidders with weak financial backing
[Maenpad, [2024]. In the absence of risk-informed mechanisms, the seller may risk negative
payoft due to forfeiting the winning bid amount, incurring holding costs, and reinitiating the
auction process.

Conversely, the proposed auction mechanism, which explicitly incorporates bidder default
risk into its design, ensures positive expected revenues even when p is significantly high. By
integrating risk information, the mechanism can implement features such as differentiated re-
serve prices for reliable and unreliable bidders, prioritization of reliable bidders, or dynamic
bid adjustments based on default probabilities. These adjustments mitigate the revenue impact
of defaults, aligning the mechanism with economic principles that address adverse selection
and moral hazard. For example, in government auctions of spectrum licenses, the incorporation
of reliability metrics, such as financial guarantees or track records, allows for a fair allocation
while minimizing the risk of defaults that could disrupt public telecommunications projects.
Similarly, in procurement auctions for defense contracts, integrating bidder reliability ensures
that contracts are awarded to firms capable of fulfilling obligations, reducing potential fiscal
losses for the government. The practical implications of the proposed mechanism are profound.
It ensures fiscal prudence by safeguarding the seller’s revenue streams, enhances efficiency by
allocating assets to bidders most likely to perform, and builds credibility in the market by ad-
dressing default risks proactively. By doing so, it provides a sustainable auction framework that
can adapt to environments with high uncertainty or default risks, protecting public and private
interests alike.

4.1 A Special Case of Uniform Distribution

In this section, we examine a specific scenario where bidders’ private values are sampled from
a uniform distribution. This approach aligns with the consideration and assumption of [Vick-
rey, 1961} [Menicuccil 2009, Kaplan and Zamir, [2007]. When the private values are uniformly
distributed over the interval [0, 1], the following Lemma and Propositions hold:

Lemma 3. If the bidders’ private values are drawn from a uniform distribution F(x) = x with
support on [0, 1], the expected value of by, (as defined in step 3 of mechanism[3.5)) is given by:

n—2 1

Elby) = b
[Dn] T

Proposition 3. If the bidders’ private values are drawn from a uniform distribution F(x) = x
with support on [0, 1], then for any n > 3 and C > ﬁ the following results will hold:

1. There always exists a threshold default probability p* such that for all p > p*, it is
ensured that n(A") > n(AST).
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2. The value of p* is given by:

. A(1+C) =B+ V[A|(1+C) - B> —4A,C(A, - B,)
p =
2A,C

where )
n—2 1 n-1) Cn—-1)
Al = + —, B = +
! n n2n-1 ! nn+1) n

_n-1 (n—1)> C Cn-1
2_n(n+1) nn+1) n n

C

Refer to Table [1| for the values of p* corresponding to various values of n with C = 0.5,
where bidders’ private valuations are drawn from the uniform distribution as described earlier.
Observed that p* decreases monotonically as » increases.

n=3 | n=4 | n=5| n=6 | n=7 | n=8 | n=9
p*| 057|053 | 04 | 032028 |025]0.21

Table 1: Values of p* for different values of n and C = 0.5

Corollary 3. Proposition[3| holds for any value of C satisfying 0 < C < 1 as n — oo.

Consider another situation when the bidders draw their private values from a uniform dis-
tribution with support in [0, 1] i.e. F(x) = x and f(x) = 1. Then we compute the R(A") and
R(A5P) as follows:
1+(1-p)n-1)

n
R(A") = (1 = p)F[(1 - p)E[by]] + 1 — F[(1 — p)E[by]]
=1-pF[(1 - p)E[bs]]
=1-p(1 - p)E[by] (as F(x) = x)
n—2 1
=1—p<1—p)(—+ )

n n 211—1

R(ﬂSP) —

Here, b;, denotes the highest bid placed during step 3 of mechanism Refer to Figure (1]
which illustrates the reliability trends of AS” and A" with respect to p. The reliability of AS”
decreases monotonically as p increases. In contrast, the reliability of A" initially declines with
p but subsequently begins to rise after reaching a local minimum. This behavior arises because,
beyond a certain threshold of p, the reliable bidder—characterized by a default probability of
0—is more likely to win, thereby enhancing the reliability of A" as p surpasses the threshold.
Figure [2]exhibits a comparison of the slope of R(A) — p curve at different values of p. Refer to
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Figure which demonstrates that the expected revenue of A’ exceeds that of ASF at p ~ 0.4
when n = 5 and C = 0.5. Additionally, we observed that the revenue of A5 becomes negative
once p exceeds approximately 0.72, rendering the second-price auction entirely infeasible for
the auctioneer beyond this threshold. Figure[]illustrates the variation in p* with C and n > 10
, the number of unreliable bidders. Figure [3illustrates Corollary 2] for the case where bidders
independently draw their private values from a uniform distribution over the interval [0, 1].
The figure demonstrates that the critical probability of (as referenced in Corollary [2)) of A
decreases with the increase in C and n. Notably, the influence of C on the critical probability is
more substantial compared to n, particularly when n becomes significantly large.

4.2 Discussion on the Value of Risk Information

When the default probability of unreliable bidders is substantially high, the proposed auction

mechanism demonstrates superior efficacy, both in terms of expected revenue and reliability,
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compared to standard second-price or first-price auctions that lack bidder reliability informa-
tion. This advantage arises because the proposed mechanism effectively internalizes the eco-
nomic cost of defaults by prioritizing reliable bidders or incorporating risk-based adjustments

in bid evaluation. In traditional auction formats, high default probabilities among bidders can
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Figure 5: Illustration of Corollarylélfor the case where bidders’ private values are independently
drawn from a uniform distribution over [0, 1]. The critical probability of ASF decreases with
increasing values of C and n.

lead to inefficient allocations, reduced revenue certainty, and increased transaction costs for the
seller due to post-auction complications, such as re-engagement with secondary bidders. The
proposed mechanism mitigates these inefficiencies by leveraging the seller’s knowledge of bid-
der reliability to design allocation rules that minimize default risks and stabilize revenue. Con-
sequently, it aligns with optimal auction theory by improving allocative efficiency and reducing
the economic inefficiencies associated with bidder defaults, thereby outperforming conventional
auction formats in high-risk environments.

5 Policy Implication

The implementation of a reliable auction mechanism that minimizes the likelihood of bidder
defaults while maintaining expected profit holds profound policy implications, particularly in
contexts where defaults impose substantial economic and fiscal costs on governments and pri-
vate entities. Bidder defaults often create a ripple effect of inefficiencies, including delays in
project initiation, cost escalations, and administrative burdens associated with re-tendering or
renegotiating contracts. For governments, these inefficiencies can translate into increased fiscal
expenditures, as they are often required to allocate additional public resources to mitigate the
consequences of defaults. Such expenditures may strain public budgets, divert funds from criti-
cal development initiatives, and undermine fiscal discipline, ultimately affecting taxpayers who
bear the burden of these inefficiencies. In infrastructure projects, for instance, delays caused by
defaulting bidders can disrupt public service delivery, resulting in economic inefficiencies and
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social dissatisfaction.

For private firms, bidder defaults negatively impact shareholder value by destabilizing rev-
enue streams and introducing significant operational risks. Defaults may force firms to engage
in costly legal disputes, re-negotiations, or additional due diligence, leading to unanticipated
expenditure. This can erode investor confidence, lower stock prices, and diminish the firm’s
ability to attract capital. The uncertainty surrounding defaults also creates inefficiencies in re-
source allocation, as firms must reserve contingency funds to absorb potential losses instead
of channeling these funds into productive ventures. Reliable auctions mitigate these issues by
incentivizing bidder credibility through mechanisms that prioritize reliability over speculative
participation, reducing the frequency and impact of defaults.

From a broader economic perspective, reliable auctions enhance market efficiency by en-
suring that goods and services are allocated to participants most capable of fulfilling their obli-
gations. This improves resource allocation and project implementation timelines, fostering a
more predictable and stable economic environment. For governments, the reduction in fiscal
burden enables better budgetary planning and resource allocation, allowing for the redirection
of savings toward public goods and welfare programs. In addition, minimizing defaults can
bolster public trust in procurement processes, encouraging greater participation from credible
bidders and enhancing competition, which can lead to better outcomes in terms of quality and
cost.

For private firms, reliable auction mechanisms translate into stronger financial performance
by stabilizing cash flows and reducing the risk premiums associated with uncertain transactions.
Firms are better positioned to optimize their operational strategies and focus on long-term value
creation, enhancing their competitiveness in the market. Furthermore, reducing the prevalence
of bidder defaults aligns with broader economic objectives, such as fostering trust and stability
in financial and commercial markets, which are critical for sustained economic growth and
development. Policymakers and corporate leaders should, therefore, recognize the strategic
importance of integrating reliability criteria into auction designs to balance profit objectives
with systemic stability and social welfare.

6 Future Research Direction & Conclusion

The interplay between exogenous factors limiting bidders’ financial commitments and the seller’s
incomplete information introduces significant complexities into auction markets, necessitating a
reexamination of traditional auction models. When bidders are constrained by external circum-
stances—such as liquidity limitations, dependency on external financing, or regulatory restric-
tions—their ability to honor commitments is inherently uncertain. Simultaneously, when sell-
ers lack full visibility into these constraints, adverse selection and moral hazard issues emerge,
compromising auction efficiency and outcomes. These challenges underscore the critical need
for auction mechanisms that can simultaneously address bidder heterogeneity and seller uncer-
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tainty. From an economic perspective, the presence of exogenous financial constraints distorts
bidders’ strategies, leading to a potential misalignment between bids and actual valuations. Bid-
ders may understate their willingness to pay due to liquidity concerns or overstate it in hopes of
securing post-auction financing, resulting in allocative inefficiencies. Sellers, facing incomplete
information, are often unable to differentiate between financially viable and constrained bid-
ders, increasing the likelihood of awarding goods or services to bidders who ultimately default.
This mismatch can lead to suboptimal revenue outcomes, reputational risks, and inefficiencies
in resource allocation. Furthermore, the introduction of exogenous constraints alters the risk
landscape, shifting a portion of the auction’s inherent risk from bidders to the seller.

Future research in this domain should prioritize the development of advanced auction mech-
anisms that incorporate bidder-specific constraints and address the seller’s informational lim-
itations. One promising avenue involves integrating screening mechanisms to elicit truthful
disclosure of financial constraints. This could include the design of prequalification criteria,
performance bonds, or the incorporation of reputation systems that penalize defaulting bidders
in repeated auction environments. Additionally, research could explore dynamic auction mod-
els where bids and commitments are adjusted iteratively as new information becomes available,
allowing for a more accurate reflection of bidders’ financial capacities. Mechanism design must
also consider risk-sharing strategies to mitigate the potential consequences of bidder defaults.
Auctions with staggered payments or contingent pricing mechanisms, where a portion of the
payment depends on post-auction performance, could align the interests of bidders and sellers
more effectively. Furthermore, introducing hybrid auction formats, which combine elements of
traditional auctions with negotiation phases for payment terms, could provide a robust frame-
work for addressing financial constraints.

Empirical analysis represents another critical frontier. By studying real-world auction fail-
ures due to bidder defaults or renegotiations, researchers can gain valuable insights into the
practical challenges of auctions under uncertainty. Sector-specific studies, such as in real estate,
spectrum allocation, and procurement auctions, where financial constraints are prevalent, can
offer lessons on the design of more resilient auction frameworks. Behavioral economics could
further enrich this analysis by examining how bidders’ cognitive biases, such as optimism or
overconfidence, interact with financial constraints to influence bidding behavior.

In conclusion, addressing the challenges posed by exogenous bidder constraints and incom-
plete seller information requires a multidisciplinary approach. Combining theoretical modeling,
empirical validation, and behavioral insights, future research has the potential to enhance the ef-
ficiency, fairness, and robustness of auction mechanisms. By doing so, the field can contribute
to bridging the gap between economic theory and the practical realities of auction markets,
fostering better outcomes for both bidders and sellers in diverse contexts.
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Appendix A: Proofs

Proof of proposition [T}

Proof. According to the mechanism of A", one of the unreliable bidders wins the auction
when the bid(b,) placed by him is greater than the bids placed by other unreliable bidders in
the step 3 of mechanism [3.5]and the private value of the reliable bidder is lower than (1 — p)bj,.
On the other hand, the reliable bidder wins the auction when his private value is higher than
(1 — p)by,. Therefore, we can write the reliability (Ref. definition 1)) of A" as follows:

RA") = (1 = p)FI(1 = p)by] + (1 = F[(1 = p)b])

ey
=1-pF[(1 - p)b;]
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On the other hand, in A5 all the bidders are equally likely to win the auction as there is no
differentiation based on the default probability of the bidders. Therefore,

-1 - 1 1 - D -
sty @00 =p) 11+ =D - p) ®
n n n
Observe that R(AF) monotonically decreases with p with slope "n;l as 6”0—?;“) = —”n;l < 0.

RA N = 1 and  RA ) peo = 1 = RA)peo = RA oo
Conversely,
1
RANp=1 =1 and  RA)|per = o= RAD)p=1 > RA) =1

This implies that the R(A’) — p curve and the R(AS?) — p curve intersect at least once within
the interval [0, 1]. Let p* denote the largest value of p at which these two curves intersect
in [0,1]. Consequently, for all p* < p < 1, it follows that R(A") > R(AF), given that
R(AP )|p:1 > R(ASP )|p:1 and both R(A") — p and R(AF) — p curves are continuous in [0, 1].
This completes the proof.

Proof of Lemmall]

Proof.  Lets assume the provisional winning bid at step 2 in mechanism [3.5]is b,,. Let us
also designate highest and the second-highest private value among the n — 1 unreliable bidders
by v; and v,. In equilibrium, b,, maximizes the winning bidder’s pay-off at step 2. The winning
bidder maximizes his pay-off m;, with respect to b,, as follows:

= F"2(v)(v1 = by)F(by) 3

The FOC of the above equation provides b,, = v; — % Now, we have to derive the condition
that guarantees that the value of b,, as derived from the FOC above indeed maximizes 7 i.e.
% < 0. We can derive this condition as follows:
827[1’ N-2 v
N FP2(v)l(v = by) f'(by) = 2f(bw)] 4)
w

Note that 0 < (v; — by,) < v; < 1 because of the individual rationality assumption for each bid-
der. Therefore, the set of regular distributions f(x) which satisfy 2f(x) > f’(x) for all x € [0, 1]
always guarantees that %’Z = FN2()[(vy = by)f'(by) — 2f(b,)] < 01ie. m, maximizes at
b, = v — % = g(vy) if 2f(x) > f’(x) for all x € [0, 1]. Therefore, g(v{) < v; and it is
continuous and differentiable as f(x) # 0 for all x € [0, 1].
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In this situation, following two scenarios can arise: b, > v or b, < v,. There are
(n — 1)(n — 2) possible pairs of highest valuation bidder and second-highest valuation bidder
among n — 1 unreliable bidders given that all the bidders are equally likely to be highest or
second highest valuation bidder.

CaseI: b, > v,

If b, > vy, then in the bid adjustment process of step 3 of mechanism [3.3] the bidder with
second-highest value can’t adjust its bid and that results in b, = b,,. Therefore, the expected
value of by, in this scenario is given by:

I b,
Ey[bp] = (n— D(n - 2)]; ﬁ by F" > (v) f(v1) f(va)dvidv,

CaseIl: b,, < v,

If b,, < vy, then the bid adjustment process of step 3 of mechanism [3.5] continues until the ad-
justed bid from the bidder with highest valuation exceeds v,. This results in b;, = v,. Therefore,
the expected value of by, in this scenario given by:

1 V1
Eqlby] = (n - 1)(n - 2) f f V2 F"3 (1) f(v1) f(v2) dvidvy
0 Jb,
Therefore, the total expected value of b, is as follows:
E[by] = E1[by] + Ex[by]
1 b,
=(n-1Dn- 2)[f f by F " () f(v1) f(v2) dvidvs
0o Jo
1 V1
. sz"‘3<vz)f<v1>f(v2>dvldvz] s
0 Jb,
1 g(v1) 3
=(n-Dn- 2)[f f gODF" () f(v1) f(v2) dvidv,
0 Jo
1 V1
+ f f sz"-S(vz)fm)f(vz)dwdw}
0 Jg)
Proof of Lemma 2]
Proof. Let v, denote the second-highest value from n independent draws from a regular dis-

tribution. We aim to determine the probability that v, € [1 — €, 1], where € > 0 is small. The
probability density function (PDF) of the second-highest value v, is:

F(0) = n(n = HF'2(0)[1 = F@1f (),
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On integrating f>(x) over [1 — ¢, 1]:

1
P, e[l—-¢1)]) = Hx)dx

1-€

1
=n(m—-1) 1 [F(O)I"2[1 = F(0)1f(x)dx
1
=n(n-1) [ [F)I"?[1 - Fx)]dF(x)
1-€ (6)

1
nn—=1) | [F"%(x) = F" ' (x)]dF(x)

1-€

1-F~'1-¢ 1-F(l —e)]

n—1 n

nn—-1) [
=|t-nF"' 1=+ (- DHF"(1 - )
As f(x) is a regular distribution, we know that:
1-F(x)
f(x)
Therefore, we can derive the nature of F(x) as follows:
1 - F(x)
=h
o
1 W
h(x) 1-F(x)
ﬁ _ J(dx
h(x) 1-F(x)
_ﬁ _d[1 - F(x)]
h(x) 1-F(x) (7)

f fd[l - F(x)]

—

h(x) 1-F(x)
X

- _f% = ln[%(l —F(x)] (k is a constant)

= h(x) where h(x) is a non-increasing function of x

— |- F(x) = ke i
= F)=1-keliv

This implies that 1 — F(x) decays exponentially, causing F(x) to grow rapidly for small values
of x but its growth slows down significantly as x approaches 1. Consequently, the following
approximation holds when € is sufficiently small:

F'''l—e)~ F'(1 —¢) (as F(1) = 1)
Substituting this into equation [ we get,

Pvae[l-el)~1-F"'1-€)~1 (as F(1 —¢€) <1and n — )
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This completes the proof.
Proof of Lemma

Proof. We will first derive b, = g(v) (Refer to Lemma [I)). The expected pay-off of the the
highest valuation bidder from n — 1 unreliable bidder as follows:

m=(-pF"2(v)vi = by)F(b,) = (1 = pW; (v = by,)b,

Here, v represents the private value of the highest valuation bidder among n — 1 unreliable
bidder, b,, is the highest bid placed in step 2 of mechanism [3.5] and p is the probability to
default of the unreliable bidders. We can derive the optimal value of b,, by the FOC of the
above equation:

on y
-2 1
ob = _P)V’f (=by+vi-b,)=0 = by, = 3
w
b, = % maximizes 7 because b, < 3 results in % > 0 and b,, > % results in % < 0.

Therefore, according to the proof of Lemma(l} we have

1 by,
Ei[by] = (n = D(n - 2)f0 fo by F" () f(v1) f(va)dvidv,

1 3 Vi
:(n—l)(n—Z)f f — Va7 dvidvy
0 0 2
Ly, 1
=(n-1Dn-2) f 4 f Vi3 dvydv,
o 2Jo (3
1 v v n-2
:(n—l)f 31(?1) dv,
0
1 n—1
(n—l)f (%1) dv,
0

n-—1
n2n—1

Similarly,

1 V1
Er[bpl = (n—D(n - 2)f0 fb VaF" 3 (1) f(v1) f(v2) dvidva

1 V1
=(n-1n- 2)f f 1% v’;_3dv1dvz
o Ju

1 V|
= (1- Hn-2) f f V2 vy dvy ©)
0 Ju
1 n—1
:(n—2)f0 [v';—l—(%) ]dvl
_r-2 _n-2
on n 2n-1
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Therefore,

-1 n-2 n-2 n—2

1

n
E[b,] = Ei[b E>[by] = - =
[bn] = E1[by] + Ea[bp] ot T, 1 o1 n

This completes the proof.

Proof of Proposition 2}
Proof.

+
n 2n-1

(10)

1. Let us assume that ng is the second highest valuation among n bidders in a standard

second price auction. As n — co, we have v;¥ ~ 1 (Ref. Lemma . On the other hand,
the expected probability that the winning bidder will make the payment is given by

1+(n-1)(1-p)
n

R(ﬂSP) —

That implies the expected revenue from AS” when n — oo is as follows:

1+(n—1)(1—p)_(1_1+(n—1)(1—p) c

n n

ﬂ(ﬂSP) ~

_(1+m-DA-p) (1

n

)(1+C)—C

oA _%(1 +C0)~ —(1+0C)(asn — o)

op

Conversely, Let us assume that vg is the second highest valuation among n — 1 unre-
liable bidders in the auction A” (Ref. mechanism . When n — oo, v/ ~ 1 (Ref.
Lemma . As by, > vé’ (Ref. mechanism , it implies that b, ~ 1. Therefore, we can
write the expected revenue of A’ as follows:

n(A") = (1 - p)by, — pFI(1 — p)b,IC ~ (1 — p) — pF[1 — pIC (12)

From equation|1 1| we get the following:

A(ASP) ~ I+m—-1)1-p)
n

(1+O)-C = (1-p)(1+C)-C = (1-p)—pC (as n is large)

We can proceed with the final section of the proof as follows:
pF(1 - p)C < pC
= —-pF( -p)C>-pC
= (I-p)-pF1-pC>1-p)-pC
= 1(A") > 7(A°T) (Ref. equation[I1)and[12)

(13)

This completes the proof.
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2. From equation
Oon(AP)
op

~-1-[F(1-p)-pf(d-pIlC

We can now establish the relationship between the sensitivity of 7(A”) and n(A%?) to
the default probability p as follows:

F(l-p)<1

F(l-p)-pfd-p) <1

[F(1-p)-pf(L-pIC<C

—-[F(1-p)-pf(1-p)IC>-C (14)

-1-[F(A-p)-pf(I-pIC>—-(1+0C)

1 +[F(1-p)—pf(l-pICl<|1+C]

On(AP) B on(ASP)
op ap

A A

This completes the proof.

Proof of Corollary 2]
Proof.

Suppose the highest bid in AS? is R. 0 < R < 1 as the bidders draw their valuations from
distribution with support in [0, 1]. We have from equation |1} the reliability of AS” i.e. the
expected probability that the winning bidder will not default is as follows:

I+m—1)1 —p))

R(ﬂs P) —
n
Therefore,
a(AF) = RAIR - (1 - RA))C

Observe that m(A5F) decreases monotonically in p. Therefore, we need to prove that there
exists a critical probability p. such that 7(ASF) = 0 at p = p.. The monotonicity of m(AF)
ensures that 7(A5F) < 0 for p > p.. By solving the equation above, we get

S =

< _
R+C

11<1

O<p.=1-

Similarly, from equation[12]

a(A") = (1 = pby, = p(1 = (1 = p)by)C
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Observe that 7(A”) decreases monotonically with p and n(A”) = 0 at p = 1. Therefore,
7(AP) > 0 for all values of p.

Proof of Proposition 3|

Proof.

1. For ASP, the expected revenue to the bidder when all the bidders draw their private value

from U(0, 1) is as follows:

l+(n-D(A-p)\n-1 - 1+(n—1)(1—p))c
n n+1 n

ﬂ,(ﬂSP) — (

Similarly, For A”, the expected revenue to the bidder when all the bidders draw their
private value from U(0, 1) is as follows:

a(A") = (1 = p)by, = FI(1 = p)bulpC

-2 1
=<1—p)["n +m}—p<1—p)[

15)

) 1 (
n — + m] C (Ref. Lemma[2)

Notice that 7(A" ))p:O < m(ASF )|p:0. Conversely, we have,

n—1 _(n—l)C
nn+1) n

A AN, =0 and (A" _ =

Both n(A") and 7(A5?) are monotonically decreasing in p. Therefore, the only condition

for n(A5F) curve to intersect with (AF) curve is as follows:

A A ey < A(AL) per
n-1 _(m-1)C 1 (16)

0 C
nn+1) n V= >n+1

If 7(A") curve intersects with 7(A°") curve and n(ASP) =) < 7(AP),-y, it ensures that
there will always be a threshold probability p* such that 7(A) > n(ASF) for all p > p*.
This completes the proof.

2. We can derive the expression of p* by solving the equation 7(A") = n(AF).

Appendix B: Extended Discussion

Discussion on Auction Reliability

Auction reliability, defined as the probability that the winning bidder fulfills their payment
obligations, is a critical metric in economic terms as it directly impacts the seller’s expected
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revenue and allocative efficiency. High reliability ensures that the auction outcome reflects the
true valuation of goods, minimizing dead-weight losses [Ferrell, 2014] and enhancing economic
efficiency. From the seller’s perspective, reliability reduces transaction delays and re-auctioning
costs, thus maximizing net revenues. Furthermore, it bolsters market trust, as credible auctions
attract serious bidders, foster competition, and sustain long-term participation. Low reliability,
by contrast, risks adverse selection, where less credible bidders dominate, leading to inefficien-
cies and reduced revenues. Such risks often necessitate enforcement mechanisms like escrow
accounts or performance bonds to align incentives and safeguard transactions, as discussed in
[Klemperer, [2004]. These measures, while potentially increasing upfront costs, are critical for
ensuring the auction’s credibility and success in high-stakes markets.

Discussion on Seller’s Opportunity Cost

The opportunity cost loss for the seller when the winning bidder defaults in an auction rep-
resents a significant economic inefficiency, impacting the seller’s expected utility and market
dynamics. In economic terms, opportunity cost is the value of the next best alternative fore-
gone. In the context of auctions, this cost is not merely the loss of the winning bid but also
includes the potential revenue from the second-highest bid, which may not materialize under
default conditions. For instance, in real estate auctions, when the winning bidder defaults, the
seller must often relist the property, incurring holding costs such as taxes, maintenance, and
depreciation [Vojtech et al., | 2016|]. Additionally, market conditions may deteriorate, forcing the
seller to accept a lower price in subsequent auctions. Similarly, in public procurement auctions
[Birulin, [2020], the default of a contractor selected to build infrastructure like roads or bridges
can cause project delays, leading to increased material costs, labor expenses, and public discon-
tent due to the delayed utility of the project. In commodity auctions |Bruce et al.| 2004], such
as for agricultural products, a defaulting buyer may result in perishable goods being wasted or
sold at distress prices, further amplifying opportunity costs. For sellers of unique items, like art
or rare collectibles, a default can result in the asset being relisted in a less competitive market
or during an off-peak period, significantly reducing its expected sale price. This corresponds to
the findings of [[Ucbasaran et al., 2013|], which argue that the consequences of a firm’s initia-
tive failure extend well beyond the immediate loss of revenue, often encompassing long-term
psychological, social, and financial challenges. Therefore, these examples highlight that op-
portunity costs are not confined to the immediate loss of revenue but extend to the broader
economic implications of delays, reputational damage, and market inefficiencies. This under-
scores the importance of auction mechanisms designed to mitigate default risks, incorporate
opportunity costs into their structure, and prioritize bidder reliability to protect seller interests
and ensure robust auction outcomes.
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Discussion on Remark 1

In relatively stable markets, the default probability p is typically low, whereas under highly
unstable conditions p may approach 1. The extant literature (e.g., [Lee and Li, 2019]]) often
addresses bidder default by imposing penalties upon default. However, when the default prob-
ability is driven by exogenous factors beyond the bidder’s control, such penalties are a poor
deterrent: they do not materially change p. Accordingly, implementing a penalty clause for de-
faults in such situations is unlikely to be effective in reducing the default probability p. Consider
a private value sealed-bid auction with n risk-neutral bidders, each having a default probability
p, which is exogenous and beyond their control. Therefore, if the seller introduces a penalty n
for default, the payoff of a bidder (7r;,) with private value v and bid b is given by:

my = (1= p)F" ' (b)(v = b) = pF" (b

For a bidder to participate in the auction, the following condition must hold:

l-p

>0 = <

When the default probability p approaches 1, i.e., p — 17, the penalty n must be less than
07 to ensure bidder participation. This indicates that introducing a penalty clause has minimal
effect in scenarios where the default probability is predominantly high and outside the bidders’
control. Therefore, in rest of the paper we are not going to consider penalty for the bidders for
default. Our objective is to focus on designing and analyzing auction mechanisms that remain

effective even when bidders face significantly high default probabilities.

Discussion on Remark 2

This setting rests on the observation made in [Sharma et al.,|2014] that most of the firms are sub-
ject to market risk and uncertainties because they operate in dynamic economic environments
where external factors influence their outcomes. Demand-side risks arise from fluctuations
in consumer preferences, income levels, and macroeconomic conditions, impacting sales and
revenues. Supply-side risks stem from volatility in input prices, labor costs, and technology
changes, affecting production efficiency and costs. Additionally, firms face systematic risks
like interest rate changes, inflation, or exchange rate volatility, which affect the broader econ-
omy. Such risks, being exogenous, cannot be fully diversified away and impact profitability
and the valuation of the firms. Conversely, the firms that are somewhat insulated from market
uncertainties are rare because most operate in interconnected economic systems where exoge-
nous factors like demand shifts, supply chain dynamics, and macroeconomic variables affect

outcomes. Complete insulation requires unique conditions, such as monopolistic power, highly
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inelastic demand for products (e.g., essential goods or utilities), or strong government protec-
tions like subsidies or tariffs. Even these firms face risks from broader systemic shocks, regu-
latory changes, or technological disruptions, making total insulation from market uncertainties
very rare in competitive economies [Moyer and Chatfield, |1983]]. Moreover, the assumption
that n — 1 bidders may default with probability p is consistent with the assumption in [Sebastian
Perez-Salazar, 2024]], which examines a sequential decision-making problem. We assume that
the default probability of a bidder is a common knowledge across bidders and the seller.
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