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Abstract

This paper studies how an enterprise’s transparency at debt rollover affects its chance to
obtain startup loans. Higher transparency mitigates information asymmetry between inside
creditor (who originates startup loan) and external creditors, which facilitates the inside
creditor’s possible exit but reduces his information rent when the enterprise rolls over debt.
A pass-or-fail test maximizes enterprise borrowing capacity. A pass-or-fail test tailored for
a given borrowing need within borrowing capacity maximizes social welfare. Our results
demonstrate economic benefits of preserving (some) information asymmetry and echo the
evolution of small business disclosure regulation: maintaining sufficient information while
allowing more registration exemptions.
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1 Introduction

Small and medium-sized enterprises (SMEs) are lifeblood of our economy. They count for an
extremely large fraction of business, hire half total employees, and contribute significantly to
economic development.1 Because of their importance, both government and financial market
have been creating various sources for SMEs to obtain startup loans, which require limited —
or even no — business or credit history. For example, the U.S. Small Business Administration
not only runs programs like 7(a) loans and SBA Microloans but also serves as a platform to
match entrepreneurs and lenders. In addition, as the financial technology develops, online
small business lending companies, such as ondeck and Lendio, are flourishing, making startup
loans available to more entrepreneurs.

However, despite various available sources, it is still challenging for SMEs to obtain startup
loans, obstructing their development.2 One important reason why creditors hesitate to issue
startup loans is their difficulties in exiting caused by information asymmetry. A startup loan
issuer usually work with the entrepreneur at the infancy stage, learns the enterprises’ funda-
mentals, and so becomes an inside creditor who gains information advantage over potential
external creditors. Such information advantage, however, implies severe adverse selection
problems to external creditors, making them refrain from refinancing the SME. This reduces
the ex-ante payoff of the inside investor and thus his willingness to issue a startup loan. There-
fore, managing the information asymmetry when SMEs roll over their loans becomes critical
for SME finance and development.

While the foregoing arguments suggest that eliminating information asymmetry is desir-
able, the disclosure regulation seems mixed. On the one hand, the Security and Exchange
Commission (SEC) has implemented complex rules that establish disclosure requirements to
mitigate information asymmetry when entrepreneurs need to raise external capitals. On the
other hand, however, the SEC’s rules evolve with more and more registration exemptions that
essentially reduce disclosure requirements.3 Such policy evolution suggests that perfect disclo-

1According to the 2021 Small Business Profile issued by U.S. Small Business Administration, small businesses
count for 99.9% of US businesses and hire 46.8% of US employees. SMEs are playing an even more important
role in emerging economies, contributing up to 40% of their GDP. In addition, the World Bank estimates that 600
million jobs will be needed by 2030 to absorb the growing global workforce, which makes SME development a
high priority for many governments around the world.

2For example, the small business loan rejection rate in US was 44.80% in 2017 and 32.7% in 2018. The Interna-
tional Finance Corporation also estimates that there is an unmet financing need of $5.2 trillion every year, which
is equivalent to 1.4 times the current level of the global SME lending.

3In particular, on November 2nd, 2020, the SEC amended rules to harmonize registration exemptions, aiming
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sure may not be optimal and that information symmetry may have economic costs.
Some questions naturally arise. What is the downside of perfect transparency? What is the

disclosure rule that expands entrepreneur borrowing capacity to the largest extent? For any
financing need within the borrowing capacity, what is the disclosure rule that maximizes social
welfare?

This paper proposes a parsimonious three-period model to address these questions. At day
zero, an entrepreneur applies for a startup loan from a continuum of competitive ex-ante ho-
mogeneous investors, which expires at day one. Once the firm is funded, the entrepreneur and
the startup loan originator learn the firm’s fundamentals, which are the probability of the firm
generating a positive cash flow at day two. (We assume that the small enterprise cannot gener-
ate any cash flow at day one.) Then, the startup loan originator becomes an inside investor. At
day one when the entrepreneur rolls over the debt, there is an exogenous public signal about
the firm’s fundamentals according to a predetermined disclosure rule. If not encountering liq-
uidity shocks, the inside investor and some outside investors may compete to refinance the
project. Given the refinancing contract and her knowledge about firm fundamentals, the en-
trepreneur decides whether to put efforts, which is necessary for the success of the firm at day
two.

We show that among all monotone disclosure rules, a cutoff rule, which discloses to all
investors a “pass” rating if firm fundamentals are above a threshold and a “fail” rating other-
wise, maximizes entrepreneur borrowing capacity. In particular, in the equilibrium in which
the maximum borrowing capacity is attained, a “pass” signal indicates that the entrepreneur
will surely put efforts if she successfully rolls over the debt, while a “fail” signal implies that
the entrepreneur will not work and the project fails for sure. In addition, for any borrowing
need within the maximum borrowing capacity, a pass-or-fail test whose threshold depends on
the borrowing need maximizes the entrepreneur’s ex-ante payoff and social welfare. Therefore,
we uncover two potential economic costs of information symmetry when an entrepreneur rolls
over debt: Compared with the borrowing capacity maximizing pass-or-fail test, perfect disclo-
sure prevents some innovative ideas from obtaining initial funding, and it may reduce social
welfare even if the small business can obtain startup loans.

A disclosure rule affects a small enterprise’s borrowing capacity through the inside in-
vestor’s ex-ante payoff: Because of the competition among investors at day zero, the small
enterprise’s borrowing capacity, which is its pledgeable income, equals the inside investor’s
ex-ante expected payoff. Then, a more precise disclosure has two opposite effects on the inside

to facilitate access to capital and investment.
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investor’s ex-ante payoff. First, the inside investor may have to exit at day one due to an ex-
ogenous liquidity shock, so a more precise disclosure will reduce the information asymmetry
at debt rollover and attract outside investors better. Such a first effect makes it easier for the
inside investor to exit, increasing his ex-ante payoff. On the other hand, a more precise disclo-
sure reduces the inside investor’s information advantage and increases the competition at debt
rollover. Therefore, if the inside investor does not want to exit, his payoff at day two decreases,
and so does her ex-ante payoff. Such a trade-off will determine the disclosure rule that can
maximize the inside investor’s ex-ante payoff and thus the entrepreneur’s borrowing capacity.

We first analyze a benchmark where the public signal perfectly discloses the firm funda-
mentals when the entrepreneur rolls over debt. In such a case, there is no information asym-
metry between the inside investor and the outside investors. We characterize the firm’s pledge-
able income and show that it is strictly smaller than the firm’s expected value, implying lost
borrowing capacity. Such lost borrowing capacity arises from three frictions in our economic
environment. First, in our model, the inside investor may encounter a liquidity shock. Then,
for firms whose fundamentals are good enough for investors to incentivize the entrepreneur
to put efforts but insufficiently good for outside investors to refinance, their values cannot be
realized. This is a liquidity loss. Second, there is a cost caused by the entrepreneur’s incentive,
which we call an incentive cost. Such a cost is in a form of the entrepreneur’s effort cost for firms
whose fundamentals are high and in a form of the unrealized firm values for firms whose fun-
damentals are low. Finally, there is a rent evaporation caused by investors’ competition. To the
inside investor, because of the competition at refinance, his rent is much lower than when he is
the only investor.

These three frictions provide us with a new insight about how a disclosure rule affects
entrepreneur borrowing capacity. First of all, an entrepreneur’s borrowing capacity improves
as the disclosure requirement changes from full transparency to a cutoff disclosure rule with the
threshold that determines the entrepreneur’s working decision in equilibrium. Such a cutoff
disclosure rule does not change the liquidity loss or the incentive cost but does reduce the
rent evaporation because it grants the inside investor some information advantage and thus
monopoly power. Therefore, compared with the full disclosure, the cutoff disclosure leads to a
higher expected payoff of the inside investor and thus higher entrepreneur borrowing capacity.

It is also intuitive that the cutoff rule leads to a larger entrepreneur borrowing capacity than
full opaqueness. Under full opaqueness, the information asymmetry is most severe. Then,
the liquidity loss will be large, since the winner’s curse to outside investors at debt rollover is
severe. More importantly, full opaqueness largely increases the incentive loss. Since outside
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investors are at an informational disadvantage, they will require a very high return (due to the
winner’s curse), which makes the entrepreneur’s effort threshold even higher. Ultimately, the
inside investor has to reduce the return required at day zero (so that the return required by
outsiders at debt rollover can be lower to resolve the entrepreneur’s moral hazard problem) to
make his exit easier at day one.4

Therefore, partial opaqueness dominates full transparency and full opaqueness in terms of
entrepreneur borrowing capacity. We then prove that among all monotone disclosure rules, the
cutoff disclosure rule with the threshold that determines the entrepreneur’s working decision
in equilibrium maximizes firm pledgeable income. The key reason is that providing more
information (than a “pass” or “fail” rating) is either redundant or hurts the inside investor’s
payoff. First of all, if two disclosed signals both lead outside investors not to bid for refinancing
the firm, merging them into one will not change the inside investor’s payoff; after all, out of
these two signals, even the one indicating better fundamentals will lead outside investors not
to refinance the firm.

Second, merging two signals that show good fundamentals and encourage outside investors
to bid for refinancing will strictly improve the insider’s ex-ante payoff. Since outside investors
participate in the competition for refinancing the firm when receiving the signal indicating rel-
atively worse signal, after the two signals are merged, the outside investors will have stronger
incentives to do so since they will be more optimistic about project quality with the merged
signal. Therefore, merging the two good signals will not affect the insider’s liquidity risk.
However, merging the two signals provides the insider with more information advantage, in-
creasing his ex-ante payoff.

For any fixed borrowing need within the borrowing capacity, various disclosure rules may
achieve the financing goal. We, however, show that the pass-or-fail test maximizes the en-
trepreneur’s ex-ante payoff in the equilibrium in which the entrepreneur’s effort threshold
coincides with the “pass” signal threshold. The intuition follows the one of borrowing ca-
pacity: Since the cutoff disclosure rule with the threshold equal to the entrepreneur’s effort
threshold can maximize the inside investor’s ex-ante payoff, under such a disclosure rule, the
entrepreneur needs to make the least transfer to the inside investor to get startup loans.

Our theoretical results echo the current disclosure policy for small business. On the one
hand, a disclosure according to a pass-or-fail test guarantees necessary information about the
business outlook to outside investors. On the other hand, a cutoff rule proposes the minimum

4We show that without the moral hazard problem, a disclosure rule with full opaqueness will maximize the
entrepreneur’s borrowing capacity.

4



disclosure requirement among all monotone signal structures. The latter one is indeed consis-
tent with the policy recommendations made in recent years’ SEC Government-Business Forum
on Small Business Capital Formation.

While we focus on SMEs’ transparency at debt rollover and startup loans in this paper, our
model can be well used to study “open banking,” another important policy initiative. Indeed,
President Biden signed an executive order on July 9th, 2021, giving the green light for US open
banking. The core idea of an open banking system is to allow borrowers to share their histor-
ical data with any creditor. (Under the current closed banking system, a borrower’s historical
data is kept by his or her home bank.) It is believed that such a policy innovation can improve
borrower welfare because data sharing will facilitate banking competition. Recent theoretical
studies, such as He, Huang, and Zhou (2021) and Goldstein, Huang, and Yang (2021), con-
sider a borrower who has been funded by her home bank and wants to share her transaction
data with alternative banks to shop rate. These papers analyze how data sharing will reshape
banking competition and affect resource allocation. However, one important question in im-
plementing the open banking system, which hasn’t been studied, is how borrower data should
be shared so that a borrower can attain her borrowing capacity and maximizes her welfare.
This is indeed what we are studying in this paper.

Literature Review. Our paper belongs to the literature on relationship finance that focuses
on the implications of interim information asymmetry and competition.5 Sharpe (1990) de-
velops a two-stage financing model and finds that the inside bank’s information advantage at
the refinance stage causes an inefficient allocation of capital among firms at the initial stage.
Rajan (1992) explores both the benefits and costs of inside bank’s control and investigates the
firm’s optimal choices of borrowing resource and priority for its debt claims.6 Bolton, Freixas,
Gambacorta, and Mistrulli (2016) show that although interim information advantage leads re-
lationship banks to charge high prices on loans in normal times, it encourages these banks to
provide continuation loans in a crisis. Azarmsa and Cong (2020) build a model in which the

5Another strand of the literature on relationship finance emphasizes the monitoring role that the inside creditor
plays in alleviating the borrower’s moral hazard problem, e.g., Diamond (1991), Holmstrom and Tirole (1997),
Parlour and Plantin (2008), Donaldson, Piacentino, and Thakor (2021).

6Building on these early models, many empirical studies have highlighted the importance of relationship fi-
nance for firms’ access to credits, e.g., Petersen and Rajan (1994), Berger and Udell (1995), Petersen and Rajan
(1995), and Bolton, Freixas, Gambacorta, and Mistrulli (2016), and the hold-up effect exerted by the inside credi-
tors on the borrowers, e.g., Santos and Winton (2008), Ioannidou and Ongena (2010), Schenone (2010), and Botsch
and Vanasco (2019).
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entrepreneur can endogenize the information asymmetry between the inside and outside cred-
itors and thus exert an information production hold-up effect on the insider. They show that
first-best outcomes are restored under optimal information production and security design.
Similar to Azarmsa and Cong (2020), we contribute to this literature by characterizing the opti-
mal information asymmetry at refinance. However, because in their study there is no frictions
of liquidity shock and moral hazard, the focus and results in our study are quite different from
theirs.

The paper is also related to a recent literature investigating the impacts of information dis-
closure on loan rollover risks. Bouvard, Chaigneau, and Motta (2015) analyze optimal trans-
parency in the financial system and find that disclosing bank-specific information stabilizes
the system during crises but can result in too many bank runs in normal times. Faria-e Castro,
Martinez, and Philippon (2017) study information disclosure in a setting in which the regu-
lator trades off between adverse selection in the market and inefficient bank runs, and show
that the regulator with strong fiscal position can pursue more transparent information disclo-
sure. Holden, Natvik, and Vigier (2018) find that the rating disclosed by a strategic credit rating
agency can generate a pro-cyclical impact on a sovereign’s default risk. Wei and Zhou (2021)
point out that pre-scheduled regulatory disclosures may lead banks to shorten their debt ma-
turity, which in turn intensifies their rollover risks. More broadly, our paper connects to the
growing studies exploring how stress test designs have effects on the banks’ default risks, e.g.,
Williams (2017), Inostroza (2019), Quigley and Walther (2020) and Inostroza and Pavan (2021).7

We add to this literature by embedding information disclosure in a relationship finance setting
and highlight the interaction between the project’s ex-ante pledgeability and interim rollover
risk.

Starting from the seminal models by Bryant (1980) and Diamond and Dybvig (1983), a large
literature has studied investor liquidity shocks. A key feature in our setting is that the in-
sider privately knows both the project quality and the occurrence of the liquidity shock to him.
Hence, conditional on winning at refinance, the outsiders cannot disentangle the insider’s mo-
tives to fulfill liquidity need or to get rid of lemons. A similar two-layer information asymme-
try structure has been adopted by some other studies, e.g., Parlour and Plantin (2008), Plantin
(2009) and Heider, Hoerova, and Holthausen (2015). However, these studies take the infor-

7There are also studies exploring the effects of stress test designs on bank activities other than their rollover
risks, e.g., Goldstein and Leitner (2018), Orlov, Zryumov, and Skrzypacz (2020), Shapiro and Zeng (2020), and
Leitner and Williams (2021). See Goldstein and Sapra (2014) and Goldstein and Leitner (2020) for surveys on
stress tests.
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mation structure as given and mainly explore its impacts on loan sales, interbank lending and
market liquidity. By contrast, we endogenize the information structure in the current paper.

From a technical perspective, our paper builds on the literature on Bayesian persuasion
(Kamenica and Gentzkow 2011). Some of the studies aforementioned, i.e., Faria-e Castro, Mar-
tinez, and Philippon (2017), Azarmsa and Cong (2020), and the ones on stress test designs are
also applications of Bayesian persuasion in finance. Besides, Monnet and Quintin (2017) study
information disclosure in a setting in which investors can either scrap their projects or sell them
at cash-in-the-market prices for liquidity needs. While transparency enables investors to make
better scrapping decisions, opacity alleviates adverse selection in the secondary market. Op-
timal information disclosure is determined by the trade-off between these effects. Szydlowski
(2021) investigates information disclosure in a security design setting and shows that the en-
trepreneur’s choice of security structure is irrelevant when information disclosure follows op-
timal threshold policies. Our paper adds to this strand of literature by applying the Bayesian
persuasion approach to explore an entrepreneur’s borrowing capacity in a relationship finance
setting.

Organization. The paper proceeds as follows. Section 2 sets up the model. Section 3 analyzes
the full-disclosure benchmark case. Section 4 demonstrates the benefit of maintaining some
information asymmetry and derive the optimal monotone disclosure rule. Section 5 investi-
gate the optimal monotone disclosure rule that maximizes the entrepreneur’s payoff. Section 6
concludes. All proofs are relegated to the Appendix.

2 A Model of Entrepreneurial Finance

We consider an economy with three days, indexed by t = 0, 1, 2. In the economy, there is an en-
trepreneur and a continuum of ex-ante homogeneous investors. The entrepreneur is endowed
with a project and seeks a startup loan to get it off the ground.8 All players are risk-neutral and
do not discount future payoffs.

Project. The project is a long-term project that matures at day 2. It generates no cash flow
at day 1, and if it is liquidated at day 1, its liquidation value is 0. In case that the project
continues to day 2, it generates a cash flow v or 0. The distribution over the terminal cash flow

8While investors in our model are mainly small business lending companies, they could also be banks, private
equity funds, venture capital firms, and other fintech companies.
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is determined by the project’s quality and the entrepreneur’s effort at day 2. In particular, if
the entrepreneur shirks, the cash flow is 0 for sure; if she works with an effort cost c ∈ (0, v),
the cash flow is v with probability p and is 0 with probability 1− p. We refer to p as the project
quality, which is ex ante distributed according to a continuous cumulative distribution function
F(p) over [0, 1] and is realized at day 1. Let f (p) be the density of F(p), where f (p) > 0 for all
p ∈ [0, 1].

Finance. The project requires a lump-sum investment at day 0 to take off. The entrepreneur
does not have enough asset for the investment, so she needs to raise a startup loan B from an
investor. We assume that the entrepreneur can only resort to short-term loans to finance the
project.

At day 0, the investors simultaneously choose to offer a loan to the entrepreneur or not. If
investor i offers a loan, he requests a claim m1i to be paid at day 1. The investor who asks for
the lowest claim m1 = min{m1i} then wins the competition and supplies the fund B to the
entrepreneur. In the case of a tie, the winner is randomly selected among those who require
m1. We refer to the investor who wins to provide the loan at day 0 as the insider and all other
investors as outsiders, because the insider, by investing in the project, will gain information
advantage as we shall specify soon.

The entrepreneur has to roll over her loan at day 1 for the continuation of the project. Mean-
while, all investors are independently subject to a liquidity shock at day 1 with probability
λ ∈ (0, 1). At day 1, if an investor encounters a liquidity shock, he needs to consume all his
wealth and cannot compete to refinance the project; otherwise, the investor is indifferent to
consume at day 1 or day 2 and can offer a new loan to the entrepreneur.

The competition at day 1 is slightly different from that at day 0. The outsiders simultane-
ously decide to offer a refinance loan or not first. If an outsider j offers a loan, he requests a
claim m2j to be paid at day 2. Then, after observing whether there is outsiders’ competition to
refinance the project and the lowest claim requested by them when there is competition, the
insider decides to make a refinance loan or not. If the insider makes a refinance loan, he also
requests a claim to be paid at day 2.9 Let m2 denote the lowest claim requested by all outsiders
and the insider. The investor who requests m2 wins the competition and provides the fund
m1 to the entrepreneur, which will in turn be paid to the insider. When there are multiple in-

9As noticed in the literature, e.g., Rajan (1992) and Von Thadden (2004), if the outsiders and the insider make
their offers simultaneously, in general the equilibrium of this bidding game with asymmetric information is in
mixed strategies. We make the sequential move assumption for tractability.
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vestors bidding for the same m2, the tie is broken in favor of the insider if he is among them;
otherwise, the tie is broken randomly.10 If no investor attempts to refinance the project at day
1, the project is liquidated. Because of limited liability, the entrepreneur pays m1 at day 1 only
if she successfully rolls over the loan, and she pays m2 at day 2 only if the project return is v.
Otherwise, the entrepreneur defaults. We assume that at day 1, the outsiders cannot observe
whether the insider encounters a liquidity shock when they make their offers.

Information and Disclosure. The project quality p is perfectly observed by both the en-
trepreneur and the insider at day 1. This follows from the empirical regularity that both the
entrepreneur and the insider have access to the internal records of the investment and can mon-
itor the books and the accounts of the project. It also captures the classic idea of relationship
finance (Fama 1985; Sharpe 1990; Rajan 1992).

By contrast, the outsiders only observe a (public) signal s about the project quality at day 1.
The signal s is generated by a commonly known disclosure rule σ. Specifically, a disclosure rule
is modeled as a mapping from the project quality to a message space. Such public information
may be viewed as ratings assigned by the government or third-party intermediaries. For most
parts of the paper, the disclosure rule is exogenously given, and the structure of the public
information determines the insider’s information advantage to the outsiders at day 1.11

For tractability, we restrict our attention to monotone disclosure rules with the message space
being [0, 1], so σ is a weakly increasing right-continuous function. This class of disclosure rules
is widely used in practice (e.g., third-party ratings and stress test scores) and is straightfor-
ward to implement and adjust. It only rules out pooling project quality into disconnected sets.
Importantly, it is rich enough to capture familiar information environments such as:

• Full disclosure, i.e., σ(·) is a one-to-one mapping (e.g. σ(p) = p, ∀p ∈ [0, 1]). In this
case, outsiders can perfectly infer the true project quality based on the signal as the pre-
image σ−1(s) is a singleton for every possible signal s. As a result, information about the
project quality is complete to all agents, and so the insider does not have any information
advantage.

10The insider’s advantage at day 1’s competition may arise from a negligible but positive cost for the en-
trepreneur to switch her loan contract from the insider to an outsider. In this scenario, if an outsider offers a
refinance loan, the entrepreneur has incentive to inform the insider and invite him to match the outsider’s loan. If
the insider makes a match, he is retained, otherwise he is replaced.

11We assume that the disclosure is the outsiders’ sole credible source of information about the project quality.
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0 1 2

Entrepreneur needs to
raise capital B;

Investors bid m1 to
finance the SME.

Liquidity shock occurs w.p. λ;

Entrepreneur and insider
observe project quality p;

Outsiders observe a signal s;

Investors bid m2

to refinance the SME.

Entrepreneur chooses to
work or shirk;

Payoffs realize.

Figure 1: Timeline.

• No disclosure, i.e., σ(·) is constant over p ∈ [0, 1]. In this case, there is only one possi-
ble signal realization s, and the pre-image σ−1(s) is the entire quality space. Hence, no
information about the project quality is revealed to the outsiders, and so the insider’s
information advantage is largest.

• Cutoff rules, i.e., there is a q ∈ [0, 1], such that σ satisfies

σ(p) =

1, if p ∈ [q, 1] ;

0, if p ∈ [0, q) .
(1)

In this case, the outsiders are only informed about whether the project quality is above
the cutoff value q.

The timeline of events is described in Figure 1.

Strategies and Equilibrium. An investor’s behavior strategy consists of a loan offer at day 0
and a mapping from his information to a loan offer at day 1 if he does not encounter a liquid-
ity shock. The entrepreneur’s behavior strategy specifies her effort at day 2 given the realized
project quality at day 1 and the short-term loans she has accepted. When the disclosure rule
only reveals incomplete information about the project quality to the outsiders at day 1, the
outsiders update their beliefs about the project quality following the Bayes’ rule. Our solu-
tion concept is Perfect Bayesian equilibrium (Fudenberg and Tirole 1991), which is referred to as
equilibrium in the rest of the paper.
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3 Benchmark: Full Disclosure

This section examines a benchmark where the signal at day 1 reveals the project quality to
the outsiders perfectly. Our main result is summarized in Proposition 1. It derives the en-
trepreneur’s borrowing capacity, which is the maximum equilibrium expected return of an
investor at day 0, and characterizes the equilibrium finance and refinance contracts for any
borrowing need within the borrowing capacity under complete information. Furthermore, we
demonstrate that the borrowing constraint emerges due to frictions beyond information asym-
metry. Analyzing the source of borrowing constraint is important for us to illustrate the intu-
ition when we study the disclosure rule that maximizes the entrepreneur’s borrowing capacity.

We solve the model with a perfectly revealing signal by backward induction. If the en-
trepreneur successfully refinances the project with a loan claim m2 at day 1, she will exert
efforts at day 2 if and only if the project quality is so high that her expected return is greater
than the effort cost, i.e., p(v−m2) ≥ c.

At day 1, because the signal perfectly reveals project quality, there is no information asym-
metry between the insider and the outsiders. As a result, the lending market competition is
essentially a complete-information sealed-bid first-price auction. In such a case, any outsider
is willing to refinance the project if there is a refinancing contract that can make him break-
even (i.e., pm2 ≥ m1) and can encourage the entrepreneur to work at the same time (i.e.,
p(v − m2) ≥ c). This is a traditional tension between borrower incentive compatibility and
investor participation. Therefore, for any fixed refinancing need m1, such a refinancing con-
tract is available if and only if

p ≥ pF ≡
c + m1

v
, (2)

where the subscript “F” stands for full disclosure. Inequality (2) implicitly requires m1 ≤ v− c.
In equilibrium, when p ≥ pF is revealed by the signal, competition among investors drives

the winning claim down to
m2 = m1/p,

and makes the winner just break-even. This also applies to the insider if he is not encountered
a liquidity shock: Because of the competition from the outsiders, the insider is also break-even
if he refinances the project.

On the other hand, when the signal reveals a project quality p < pF, outsiders will refrain
from making refinancing offers to the entrepreneur. If the insider is not encountered a liquidity
shock, he decides whether to refinance the project. If he decides not to refinance the project,
his continuation value will be zero. But if he refinances by a claim that can still incentivize
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the entrepreneur to exert effort at day 2, his continuation value will be positive due to his
monopoly power. The latter occurs when p ∈ [c/v, pF), and the refinancing contract features

m2 = v− c/p.

Finally, when p ∈ [0, c/v), the entrepreneur cannot be motivated to work anyway, so the in-
sider’s continuation return at day 2 will be zero. To simplify notation, we assume that the
insider asks for a claim m2 = 0 in the case with very low project quality.

Notice that the insider’s refinance threshold differs from the outsiders’. The difference,
m1/v, reflects the fact that at day 1, the insider’s initial investment m1 is sunk, and when p <

pF, what matters for his debt rollover decision is whether the project will generate a positive
expected return. On the other hand, outsiders compare the expected return and the refinancing
cost m1 and are willing to roll over the debt only if the return can compensate the cost. Figure
2 summarizes the entrepreneur’s equilibrium refinance outcomes for any project quality q ∈
[0, 1].

p

0 1c
v pF = c+m1

v

No refinance Monopoly m2 = v− c/p Competition m2 = m1/p

Figure 2: Equilibrium refinance outcomes under full disclosure rule

Anticipating the debt rollover outcome at day 1 and his continuation values under any
project quality, an investor can calculate his expected return if he provides the startup loan to
the entrepreneur at day 0. Specifically, if m1 ≤ v− c, the insider’s expected payoff at day 0 is12

λ [1− F (pF)]m1 + (1− λ)

{
[1− F (pF)]m1 +

∫ pF

c/v
pm2dF(p)

}
= [1− F(pF)]m1 + (1− λ)

∫ pF

c/v
(pv− c)dF(p), (3)

in which pF is the outsiders’ refinance threshold specified by equation (2). In equation (3),
the two terms correspond to the insider’s expected returns with and without the outsiders’

12If m1 > v − c, the insider will be the only possible investor to provide a refinancing loan at day 1, so his
expected payoff at day 0 is (1− λ)

∫ 1
c/v(pv− c)dF(p). Because this payoff equals the payoff in equation (3) with

m1 = v− c and accordingly pF = 1 in it, competition at day 0 will always lead the investors to request a claim no
larger than v− c.
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participation at refinance, respectively. (Note that if the insider encounters a liquidity shock
and the project quality is below pF, the project is liquidated and generates no return to the
insider.)

Substituting m1 = pFv − c defined in equation (2) into equation (3), we reformulate the
insider’s expected payoff at day 0 as a function of the outsiders’ refinance cutoff pF:

W(pF) = [1− F(pF)](pFv− c) + (1− λ)
∫ pF

c/v
(pv− c)dF(p), ∀pF ∈

[ c
v

, 1
]

. (4)

It is immediate that W(pF) is non-monotonic and reaches its maximum at a value p∗F ∈ (c/v, 1).13

In the rest of the paper, we assume p∗F is unique.
The non-monotonicity of function W(pF) captures two opposite effects of an increase in the

winning claim m1, or equivalently an increase in the threshold pF of the project quality above
which the outsiders are willing to roll over the loan, on the insider’s expected payoff. On one
hand, a higher m1 makes the project more likely to be liquidated early. On the other hand, a
higher m1 implies a larger investment return to the insider when the project is refinanced. The
trade-off between these two effects then implies that W(pF) reaches its maximum at an interior
value in [c/v, 1].

Investors are competitive at day 0, so the insider should also break even from his initial
investment. Hence, the project cannot be financed if it requires an investment B strictly larger
than W(p∗F). By contrast, if the project needs a startup loan B less than W(p∗F), there is a pF(B) ∈
(0, p∗F) such that W (pF(B)) = B because W(pF) is continuous and W(c/v) = 0. Therefore,
for any borrowing need B ∈ (0, W(p∗F)), there is an equilibrium startup loan that can get the
project off the ground, and the expression of the startup loan can be obtained by plugging the
equilibrium refinance threshold pF(B) into equation (2).

Proposition 1 summarizes the analysis of the project’s pledgeable income, or the entrepreneur’s
borrow capacity.

Proposition 1 With the full disclosure rule, the entrepreneur’s borrowing capacity is W(p∗F) where
function W(·) is defined in equation (4) and p∗F maximizes W(·) subject to the entrepreneur’s incentive
compatibility constraint for exerting effort, i.e., pF ∈ [c/v, 1]. In addition, for any required fund B ∈
(0, W(p∗F)), the project is financed at day 0 with a startup loan

m1,F(B) = pF(B)v− c (5)

13Note that W ′(c/v) = [1− F(c/v)]v > 0 and W ′(1) = −λ f (1)(v− c) < 0. Besides, W(c/v) = 0, so W(pF)

ranges from 0 to W(p∗F).
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in equilibrium. In such a case, the entrepreneur’s equilibrium payoff is

ΠF(B) =
∫ 1

pF(B)
[p− pF(B)]vdF(p). (6)

In Proposition 1, the entrepreneur’s equilibrium payoff shown in equation (6) also arises
from equilibrium debt-rollover outcomes. With a perfect revealing signal, when p < pF(B),
no outsider is willing to offer a refinancing loan at day 1. Then, the project is either liquidated
early (when p < c/v) or refinanced by the insider who extracts all net surplus from the project
continuation (when p ∈ [c/v, pF(B))). In either case, the entrepreneur’s payoff is zero, and
so the entrepreneur can obtain a positive return only if there is a competition at debt rollover,
as captured by equation (6). Since pF(B) increases in B, ΠF(B) decreases in B, implying that
entrepreneurs who need more funds to start their enterprises have lower payoff. Intuitively,
when the project needs a larger external fund to take off, the insider requests a higher claim
for his investment. In turn, the outsiders are less likely to participate in the competition at debt
rollover, and conditional on their participation, ask for a higher stake from the final cash flow.
As a result, the entrepreneur’s expected payoff will be lowered.

We conclude this section by investigating the borrowing capacity in the benchmark where
there is no information asymmetry at debt rollover. Such an analysis will help with the intu-
ition in our study about the disclosure rule that maximizes the entrepreneur’s borrowing ca-
pacity. We notice that in a frictionless world, the maximum value the entrepreneur can pledge
is vE(p), which is the project’s expected value. Then, if the borrowing capacity is lower than
the project’s expected value, there is lost borrowing capacity, which can be measured by the dif-
ference between the project expected value vE(p) and the borrowing capacity characterized in
Proposition 1, W(p∗F).

We decompose the lost borrowing capacity into three components as shown in equation (7).

vE(p)−W(p∗F) = λ
∫ p∗F

c/v
pvdF(p)︸ ︷︷ ︸

liquidation loss

+
∫ 1

p∗F
(p− p∗F)vdF(p)︸ ︷︷ ︸
rent evaporation

(7)

+[1− F(p∗F) + (1− λ)(F(p∗F)− F(c/v))]c +
∫ c/v

0
pvdF(p)︸ ︷︷ ︸

incentive cost

.

First, when p ∈ [c/v, p∗F] and the insider encounters a liquidity shock, the project will be
liquidated early. This causes a liquidation loss because the project is good enough to compen-
sate the entrepreneur’s effort cost and generate a positive return. Second, when p ≥ p∗F, the
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entrepreneur will successfully roll over the debt. However, the competition among investors
at day 1 will bound the insider’s payoff by m∗1,F no matter whether he encounters the liquidity
shock or not. Thus, there is a rent evaporation, which is∫ 1

p∗F
(pv− c−m∗1,F)dF(p), (8)

or equivalently, the term in equation (7) if we replace m∗1,F by p∗Fv− c. Finally, if p ≥ c/v and
the project lasts to day 2, an expected amount of c must be taken away to avoid jeopardizing
the entrepreneur’s incentive; if p < c/v, the entrepreneur can never be incentivized to work,
and thereby the positive return pv will go unrealized. These terms consist of the entrepreneur’s
incentive cost. These three components can also be viewed in Figure 3 below.

p

0 1c/v p∗F

Incentive cost∫ c/v
0 pvdF(p)

Incentive cost
(1− λ) [F(p∗F)− F(c/v)] c

Liquidity loss

λ
∫ p∗F

c/v pvdF(p)

Incentive cost
[1− F(p∗F)]c

Rent evaporation∫ 1
p∗F
(p− p∗F)vdF(p)

Figure 3: Decomposition of Lost Borrowing Capacity under Full Disclosure

4 Maximum Borrowing Capacity

In this section, we investigate which monotonic disclosure rule maximizes entrepreneur bor-
rowing capacity. We first demonstrate in Section 4.1 that maintaining some information asym-
metry can improve the entrepreneur’s borrowing capacity relative to full disclosure, by consid-
ering a special cutoff disclosure rule. Then, in Section 4.2, we further derive the disclosure rule
that maximize borrowing capacity and show that the borrowing capacity maximizing mono-
tone disclosure rule is indeed in a form of cutoff disclosure rule. Interestingly, no disclosure
cannot attain the maximum borrowing capacity either.

4.1 A Special Cutoff Rule

We consider a cutoff disclosure rule with the threshold p∗F, which maximizes entrepreneur bor-
rowing capacity under full disclosure. Formally, we assume that the signal s is generated by
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the signal structure

σ (p; p∗F) =

0, if p ∈ [0, p∗F) ;

1, if p ∈ [p∗F, 1] .
(9)

With such a disclosure rule, when s = 1 (s = 0) is revealed at day 1, all investors only know
weather the project quality is above (below) p∗F. We argue that for some financial need B strictly
greater than the borrowing capacity under full disclosure W (p∗F), the project is financed at
day 0 in equilibrium with the monotone disclosure rule σ(p; p∗F). Specifically, we construct an
equilibrium in which (i) outsiders offer to refinance the project if and only if the signal is s = 1,
(ii) their equilibrium refinancing offer is

m̃2 = v− c/p∗F, (10)

and the insider’s equilibrium payoff is higher than the one under full disclosure. This simple
construction reveals an interesting and perhaps surprising observation: creating some informa-
tion asymmetry at the debt rollover stage may expand the entrepreneur’s borrowing capacity.

By backward induction, we begin with the entrepreneur’s choice. When the signal s = 1,
the entrepreneur knows that p ≥ p∗F. She finds it optimal to work at day 2 if accepting the offer
m̃2 because her expected payoff by working will be p(v− m̃2) = (p/p∗F) c ≥ c. We then define
a startup loan at day 0

m̃1 = E (p|s = 1, outside refinancing) m̃2, (11)

such that, upon observing signal s = 1, an outsider is break-even by refinancing the project
at day 1 by offering a loan m̃2. The left-hand side of equation (11) corresponds to the cost of
refinance; whereas the right-hand side corresponds to the expected payoff conditional on both
the fact that the signal is s = 1 and the fact that the outsider wins the competition of refinancing
the project. While the former makes an outsider optimistic about project quality, the latter is
essentially a winner’s curse that makes an outsider pessimistic.14 When the signal is s = 0,
outsiders believe p < p∗F and the project will fail due to the entrepreneur’s shirk. Therefore, no
outsider will make a refinancing offer.

Given the outsiders’ behavior at day 1, the insider’s equilibrium actions can be summarized
in Figure 4. Specifically, when the signal is s = 0, no outsider offers to refinance the project.
Then, the insider’s behavior is the same as in the case under full disclosure: If the project

14In Appendix, we formally show that m̃1 is strictly greater than p∗Fv− c, the startup loan that maximizes bor-
rowing capacity under full disclosure.
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quality is too low (q < c/v), he will not refinance, but if the project quality is between c/v and
p∗F, he will refinance the project himself by a loan v− c/p.

When the signal is s = 1, outsiders are offering a refinancing contract m̃2. There are also two
cases. First, when p ∈ [p∗F, m̃1/m̃2), the insider will take the payment m̃1 and let an outsider
refinance the project. This is so because the insider knows that the project quality is still low
(pm̃2 < m̃1) and it does not worth matching the outsider’s offer. Second, when the project has
a very good quality (pm̃2 ≥ m̃1), the insider will match the outsider’s offer and refinance the
project himself unless he receives a liquidity shock.

p

0 1c/v p∗F m̃1
m̃2

Not refinance
Refinance by

v− c/p
Take payment m̃1

and leave
Refinance by m2

Figure 4: Insider’s equilibrium behavior at day 1 if he does not encounter a liquidity shock

Taking into account the possibility of a liquidity shock, the insider’s ex-ante payoff at day 0
by financing the project with a startup loan m̃1 is

V(p∗F) =
∫ 1

p∗F
p
(

v− c
p∗F

)
dF(p) + (1− λ)

∫ p∗F

c/v
(pv− c)dF(p). (12)

The first term in equation (12) refers to the insider’s interim payoffs when the signal is
s = 1. Intuitively, when the signal is s = 1, outsiders will refinance the project with a loan
m̃2. Therefore, before the realization of the project quality, the total expected payoff to all in-
vestors (including the insider and the outsiders) is

∫ 1
p∗F

pm̃2dF(p). Since there is a continuum of
outsiders, the competition among them drives their expected payoff to 0; hence, the insider’s
expected payoff conditional on the signal s = 1 is∫ 1

p∗F
pm̃2dF(p) =

∫ 1

p∗F
p
(

v− c
p∗F

)
dF(p),

by equation (10). The second term in equation (12) represents the insider’s expected payoff
conditional on the signal s = 0. In such a case, outsiders do not refinance the project, and the
insider can get positive continuation payoff only when he does not encounter a liquidity shock
and the project quality is between c/v and p∗F.

Therefore, if the entrepreneur needs to raise the fund V(p∗F) at day 0, the competition among
investors will lead to a startup loan m̃1. We then have Lemma 1 below.
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Claim 1 For a borrowing need B = V(p∗F), the project can be financed under the cutoff rule σ (p; p∗F).

The claim is a special case of the result in Proposition 4, so we omit the proof for it. Claim
1 then directly implies that with the disclosure rule σ (p; p∗F), the amount V(p∗F) is within the
borrowing capacity.

Our next observation is as follows.

Claim 2 The insider achieves a higher payoff under cutoff rule σ (p; p∗F) than under full disclosure, i.e.,

V(p∗F) > W(p∗F).

The argument is by straightforward algebra. Subtracting equation (4) from equation (12), we
have

V(p∗F)−W(p∗F) =
∫ 1

p∗F
(p− p∗F)

(
v− c

p∗F

)
dF(p) > 0, (13)

because p∗F ∈ (c/v, 1). This implies that the cutoff rule σ(p; p∗F) generates larger borrowing
capacity than full disclosure.

Decomposing the difference vE(p)−V(p∗F), we obtain the economic intuition why the cut-
off disclosure rule σ(p; p∗F) can generate higher borrowing capacity than full disclosure rule.
Specifically,

vE(p)−V(p∗F) = λ
∫ p∗F

c/v
pvdF(p)︸ ︷︷ ︸

liquidation loss

+
∫ 1

p∗F
(

p
p∗F
− 1)cdF(p)︸ ︷︷ ︸

rent evaporation

(14)

+[1− F(p∗F) + (1− λ)(F(p∗F)− F(c/v))]c +
∫ c/v

0
pvdF(p)︸ ︷︷ ︸

incentive cost

.

Comparing equation (14) to equation (7), we find that the components of liquidation loss and
incentive cost are exactly the same under both the cutoff disclosure rule σ(p; p∗F) and full disclo-
sure. So, the larger borrowing capacity comes from a smaller rent evaporation under σ (p; p∗F).
Rewriting the component of rent evaporation in equation (14) with the claims m̃1 and m̃2 re-
quested in equilibrium, it becomes∫ 1

p∗F
(pv− c− m̃1)dF(p)− (1− λ)

∫ 1

m̃1/m̃2

(pm̃2 − m̃1)dF(p), (15)

which is strictly less than the component of rent evaporation in expression (8).
Indeed, in our model, some information asymmetry between the insider and the outsiders

at debt rollover grants the insider information advantage. Such an advantage helps the insider
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refinance very good projects with a good loan term (than under full disclosure). This increases
the insider’s ex-ante payoff and thus entrepreneur borrowing capacity.

4.2 Borrowing-capacity Maximizing Disclosure Rule

This section investigates which monotone disclosure rule maximizes entrepreneur borrowing
capacity. We address this question in three steps. First, by generalizing the insight in Section
4.1, we show that the borrowing capacity under any monotone disclosure rule with at least
three possible signals can be improved by a cutoff disclosure rule. Then, we prove that for
any cutoff disclosure rule, the entrepreneur borrowing capacity is attained in the equilibrium
in which the entrepreneur’s effort threshold coincides with the disclosure threshold. In such
an equilibrium, while a high signal suggests that the project is likely to succeed and the en-
trepreneur will surely work after rolling over the debt, a low signal indicates that if the project
is refinanced by an outsider, the entrepreneur will surely shirk and so the project will certainly
fail. Therefore, we name such a cutoff disclosure rule a pass-or-fail test. Finally, we characterize
the threshold of the pass-or-fail test that maximizes the entrepreneur borrowing capacity.

We start with any monotone disclosure rule, σw, which has at least three possible signals.
Without losing generality, we assume that under σw, the entrepreneur’s borrowing capacity
is attained in an equilibrium E(σw) in which outsiders participate in debt rollover if and only
if they observe a signal s weakly higher than a certain signal s.15 We also focus on the case
where there is at least one signal s > s in E(σw). Otherwise, s is the only one signal following
which outsiders participate in debt rollover; then, pooling all signals below s will not change
the borrowing capacity.

Denote by m2(s; E(σw)) and pE(s; E(σw)) the refinancing loan offered by outsiders and the
entrepreneur’s effort threshold conditional on a signal s ≥ s in the equilibrium E(σw), respec-
tively. We first notice one important property of E(σw). Specifically, for any signal higher than
s, the refinancing loan offered by outsiders must be strictly less than the refinancing loan fol-
lowing s. Formally, in E(σw), for any s > s, m2(s; E(σw)) < m2(s; E(σw)). Accordingly, the
entrepreneur’s effort threshold under the signal s must be lower than that under the signal
s; that is, pE(s; E(σw)) < pE(s; E(σw)). This property is intuitive: When outsiders observe a
better signal, they are more optimistic about project quality and thus are more willing to refi-
nance the project with a lower loan request, and the lower loan request in turn incentivizes the

15We show that for a monotone disclosure rule with at least three possible signals, if outsiders never provide
refinancing offers for any signal, the entrepreneur’s borrowing capacity is not attained.
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entrepreneur to work at lower project qualities.
Then, by fully characterizing the insider’s equilibrium behavior after any signal s ≥ s (we

relegate all details in the proof of Lemma 1 in the Appendix because they are similar to what
we show in Section 4.1), we calculate the insider’s expected payoff in E(σw) conditional on any
possible signal s in Lemma 1.

Lemma 1 Under the disclosure rule σw, in the equilibrium E(σw), the insider’s expected payoff condi-
tional on any signal s is as follows.

1. Suppose that after observing a signal s < s, no outsider offers to refinance the project. Then the
insider’s expected payoff conditional on the realization of signal s is

(1− λ)
∫

σ−1
w (s)∩[c/v,1]

(pv− c)dF(p), (16)

where
σ−1

w (s) ≡ {p : σw(p) = s}

is the pre-image of functions σw(·).

2. Suppose that after observing a signal s ≥ s, the outsiders compete to refinance with a claim m2(s).
Then upon observing signal s, the insider’s expected payoff, m2(s)E(p|s), can be formulated as∫

σ−1
w (s)∩[pE(s),1]

p
(

v− c
pE(s)

)
dF(p), (17)

where
pE(s) = c/(v−m2(s)) (18)

such that conditional on s, the entrepreneur works at day 2 if and only if p ∈ σ−1
w (s)∩ [pE(s), 1].

Lemma 1 generalizes our argument in Section 4.1. Part 1 in Lemma 1 arises from the fact
that if the insider expects to be the only investor to roll over the loan after the realization of a
signal s < s, he will capture all net surplus from continuing the project. This occurs only when
he does not encounter a liquidity shock, which occurs with probability 1− λ. The integration
is taken over project quality such that (i) a signal s can be realized, i.e., p ∈ σ−1

w (s), and (ii)
the entrepreneur works, i.e., p ≥ c/v. Together with fact that s < s, part 1 summarizes the
insider’s payoff when the project quality belongs to the following set

PL = {p ∈ [0, 1] : σ(p) < s, p ≥ c/v}. (19)
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Part 2 shows that if outsiders compete to refinance the project after the realization of a signal
s ≥ s, the total expected payoff to both the insider and the outsiders is as shown in equation
(17). Since the competition among outsiders drives down any outsider’s expected payoff to
zero, equation (17) is indeed the insider’s expected payoff. The expression in equation (18) is
also intuitive. Given the refinance loan m2(s), the entrepreneur has the incentive to work if
and only if p[v−m2(s)] ≥ c, or p ≥ pE(s). Putting differently, part 2 summarizes the insider’s
payoff when the project quality falls into the following set

PH = {p ∈ [0, 1] : σ(p) ≥ s, p ≥ pE(σ(p)).} (20)

Then, Lemma 1 implies that the insider’s ex-ante payoff at day 0 is

U(σw) =
∫
PH

p
(

v− c
pE(σ(p))

)
dF(p) + (1− λ)

∫
PL

(pv− c)dF(p), (21)

which is also the entrepreneur’s borrow capacity under the disclosure rule σw.
We now show that for some borrowing need B > U(σw), a cutoff disclosure rule can help

the entrepreneur obtain a startup loan at day 0 in equilibrium. Specifically, we consider a cutoff
disclosure rule σ(p; qc) with the threshold qc = inf σ−1

w (s)

σ(p; qc) =

0, if p ∈
[
0, inf σ−1

w (s)
)

;

1, if p ∈
[
inf σ−1

w (s), 1
]

.
(22)

That is, the cutoff disclosure rule pools signals higher than or equal to s under σw into one
signal s = 1 and all signals strictly less than s under σw into another signal s = 0.

Under the cutoff disclosure rule σ(p; qc), if the startup loan is fixed at the one in E(σw), the
refinancing contract when the signal is s = 1 must be strictly less than the refinancing loan
m2(s; E(σw)). This arises simply from the fact that in E(σw), m2(s; E(σw)) < m2(s; E(σw)) for
any s > s, so when these signals are pooled together, the outsiders will request a loan smaller
than the highest refinancing loan in E(σw). Accordingly, the entrepreneur’s effort threshold pE

under σ(p; qc) is less than pE(s; E(σw)).
Therefore, there must be a startup loan m′1, which is greater than the startup loan in E(σw),

such that the refinancing loan m2 and the entrepreneur’s effort threshold pE under σ(p; qc)

are respectively same as m2(s) and pE(s) in E(σw). Then, Lemma 1 implies that under the
disclosure rule σ(p; qc), the insider’s expected payoff at day 0 is∫ 1

max{qc,pE(s)}
p
(

v− c
pE(s)

)
dF(p) + (1− λ)

∫ max{c/v,qc}

c/v
(pv− c)dF(p). (23)
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Since c/v ≤ pE(s) and pE(s) < pE(s) for any s > s, the insider’s expected payoff shown in
equation (23) is strictly greater than U(σw), the borrowing capacity under the disclosure rule
σw. Since σw is an arbitrary monotone disclosure rule with at least three signals, we conclude
that a disclosure rule that maximizes entrepreneur borrowing capacity must be in a form of a
cutoff disclosure rule. This is formally stated in Proposition 2.

Proposition 2 For any monotone disclosure rule σw with at least three possible signals, there exists
a cutoff disclosure rule σ(p; q), which generates at least as large borrowing capacity as σw does. In
particular, suppose that under σw, the entrepreneur borrowing capacity is attained in the equilibrium
in which outsiders participate in refinance competition when observing a signal s and the set of signals
{s : s > s} occur with positive probability. Then, there exists a cutoff rule that strictly improve the
borrowing capacity.

Observing equation (23), we find that under the cutoff disclosure rule σ(p; qc), the en-
trepreneur borrowing capacity may not be attained in the equilibrium in which the startup
loan m′1 leads to the refinancing loan equal to m2(s; E(σw)). Specifically, when qc > pE(s), there
are projects with quality in (qc, pE(s)). Since the entrepreneur is willing to work at these project
qualities, outsiders’ choice of not to refinance the project reduces the insider’s ex-ante payoff
because there is too much early liquidation. On the other hand, if qc < pE(s), the entrepreneur
shirks even after a good signal. Hence, upon observing the good signal, outsiders are still pes-
simistic about the project’s cash flow at day 2 and thus request a higher refinancing loan. This,
in turn, makes the entrepreneur more likely to shirk. As the outsiders break even due to the
competition at debt rollover, the entrepreneur’s shirking feed back negatively to the insider’s
expected payoff.

Therefore, under a cutoff disclosure rule σ(p; pC), the entrepreneur borrowing capacity is
attained in the equilibrium in which the inefficient early liquidation of the project and the
entrepreneur’s moral hazard are balanced. Here the subscript “C” refers to cutoff disclosure.
Formally,

Proposition 3 For a cutoff disclosure rule σ(p; pC) with pC ∈ (c/v, 1), the entrepreneur borrowing
capacity is attained in the equilibrium in which the entrepreneur works if and only if p ≥ pC. Then, the
entrepreneur borrowing capacity under σ(p; pC) is

V(pC) =
∫ 1

pC

p
(

v− c
pC

)
dF(p) + (1− λ)

∫ pC

c/v
(pv− c)dF(p). (24)

Under σ(p; pC), in the equilibrium in which the entrepreneur borrowing capacity is attained, a
good signal means the entrepreneur will work for sure and so the project is likely to succeed,
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and a bad signal indicates that the entrepreneur will shirk and so the project will certainly
fail if the project is refinanced by an outsider. Therefore, we name a cutoff disclosure rule a
“pass-or-fail” test.

Analyzing V(pC) defined in equation (24), we derive the maximum borrowing capacity.
The function V(pC) is non-monotonic in pC. This is caused by two opposite effects of an in-
crease in pC. On the one hand, an increase in pC means the signal is more likely to be low,
leading to more early liquidation. On the other hand, a larger pC implies a higher refinancing
loan in equilibrium, which increases the insider’s ex-ante payoff. We then assume that V(pC)

reaches its maximum at p∗C ∈ (c/v, 1).16 We also assume p∗C is unique. We then have Propo-
sition 4, which summarizes the maximum borrowing capacity among all monotone disclosure
rules.

Proposition 4 Among all monotone disclosure rules, the pass-or-fail test σ(p; p∗C) with the threshold
p∗C generates the maximum borrowing capacity. In addition, for any borrowing need B ∈

(
0, V(p∗C)

]
,

under the disclosure rule σ(p; p∗C), there is an equilibrium in which the entrepreneur obtains the startup
loan at day 0.

We conclude this section by analyze a special cutoff disclosure rule — no disclosure. Specif-
ically, no disclosure is essentially a cutoff disclosure rule σ(p; pC) with the threshold pC = 0
or pC = 1. To make the notations consistent with a pass-or-fail test, when pC = 0, s = 1 for
sure, and so outsiders participate in debt rollover; when pC = 1, s = 0 for sure, and so out-
siders refrain from making refinancing offers. In the former case there is no early liquidation,
but the entrepreneur’s attempt on shirking would be large after the investors competition at
debt rollover. Hence, the adverse selection causes the outsiders to request a high payment at
day 2, further aggravating the moral hazard problem. In the latter case, although the insider
has the monopoly power and can extract all net surplus when the project quality p ≥ c/v, the
early liquidation risk is the largest. Therefore, in either case, the maximum entrepreneur bor-
rowing capacity cannot be attained, implying that no disclosure cannot generate the maximum
borrowing capacity.

Corollary 1 When the signal is completely uninformative, the entrepreneur borrowing capacity is
strictly less than V(p∗C).

16Note that V′(c/v) = v2

c
∫ 1

c/v pdF(p) > 0 and V′(1) = −λ f (1)(v− c) < 0. Moreover, V(c/v) = 0, so V(pC)

ranges from 0 to V(p∗C).
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Importantly, both moral hazard and early liquidation risk play crucial roles for the result
in Proposition 4. With the absence of moral hazard (i.e., c = 0), no disclosure generates a
borrowing capacity vE(p) in the equilibrium in which the outsiders refinance the project. This
could be seen by setting c = 0 in equation (23). Since pC = 0 implies that outsiders always
refinance the project, the second term disappears, and so it maximizes V(pC). In this case,
without jeopardizing the realization of the project value, liquidation risk is fully eliminated by
the outsiders’ participation in refinance.

Alternatively, with the absence of liquidation risk (i.e., λ = 0), no disclosure with pC = 1
implies no outsider participates in debt rollover in equilibrium and so generates borrowing
capacity E[pv− c|p ≥ c/v]. In such a case, the insider becomes the only investor who will re-
finance and so has monopoly power. Since the insider encounters no liquidity shock, granting
him the monopoly power at debt rollover maximizes his willingness to issue a startup loan and
so maximizes the entrepreneur borrowing capacity.

5 Maximum Entrepreneur Payoff

Proposition 4 shows that for any borrowing need B ∈
(
0, V(p∗C)

]
, the entrepreneur can obtain a

startup loan to get the project off the ground at day 0. However, for any fixed borrowing need
B ∈

(
0, V(p∗C)

]
, many monotone disclosure rules can help the entrepreneur with the startup

loan. Then, an interesting question naturally arises: Under which monotone disclosure rule
that supports the entrepreneur obtains the startup loan B in equilibrium, the social welfare is
maximized? We explore this question in this section.

Intuitively, investors in this economy are competitive and so break even ex ante. Therefore,
in equilibrium, the entrepreneur receives all net surplus from the project investment condi-
tional on she obtains a startup loan B. Hence, maximizing social welfare is equivalent to max-
imizing the entrepreneur’s ex-ante payoff. Then, because any unrealized value of the project
is ultimately caused either by the project’s early liquidation or by the entrepreneur’s shirking,
solving for the disclosure rule that maximizes the entrepreneur’s expected payoff boils down
to searching for the one that minimizes the total loss caused by these frictions. We find that the
entrepreneur’s maximal payoff is obtained under a pass-or-fail test, exactly because the latter
induces an optimal trade-off between liquidation risk and moral hazard.

We first show in Lemma 2 that for any borrowing need B ∈
(
0, V(p∗C)

]
, there is a pass-or-fail

test that supports the entrepreneur to obtain a startup loan.
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Lemma 2 For any B ∈
(
0, V(p∗C)

]
, there is pC(B) ∈

(
0, p∗C

]
such that V(pC(B)) = B.

Denote by Π∗(B) the entrepreneur’s maximum ex-ante payoff when she needs to raise a
fund B ∈

(
0, V(p∗C)

]
. Proposition 5 characterizes the monotone disclosure rule that maximizes

the entrepreneur’s ex-ante payoff and thus maximizes social welfare.

Proposition 5 For any borrowing need B ≤ V(p∗C), among all monotone disclosure rules, the pass-or-
fail test σ(p; pC(B)) maximizes the entrepreneur’s expected payoff, which is

Π∗(B) =
∫ 1

pC(B)

(
p

pC(B)
− 1
)

cdF(p). (25)

The intuitions of Proposition 5 are as follows. Suppose that the project is financed under a
monotone disclosure rule σw with at least three possible signals. If under the disclosure rule
σw, regardless of the realized signal, the outsiders never compete for refinancing the project,
the entrepreneur will get a zero payoff because either she will shirk (when the project quality is
very low) or the insider will extract all net surplus (when the project quality is high). Obviously,
in this case, the entrepreneur’s expected payoff is not maximized. So we focus on the case that
under σw, there is a signal s such that the outsiders participate in debt rollover if and only
if they observe a signal s ≥ s. Then, similar to equation (21), the entrepreneur’s borrowing
constraint satisfies

B =
∫
PH

pm2(σ(p))dF(p) + (1− λ)
∫
PL

(pv− c)dF(p) (26)

in which m2(s) are determined in equilibrium, and PL and PH are defined in (19) and (20) as
in Section 4.2.

On the other hand, the entrepreneur’s expected payoff, denoted by Π(B), is given by

Π(B) =
∫
PH

[p(v−m2(σ(p)))− c]dF(p). (27)

Payoff Π(B) has the following interpretations. Given the project quality p, the realization
of a signal σ(p) ≥ s and an outsider’s refinance of the project, if the entrepreneur works, she
pays effort cost c, and receives v−m2(σ(p)) when the project generates a positive cash flow. By
contrast, after the realization of a signal σ(p) < s, the project is either liquidated or refinanced
by the insider who captures all net surplus, resulting in a payoff 0 to the entrepreneur. Hence,
in equation (27), there is no term associated with the payoff following project quality σ(p) < s.
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By plugging the borrowing constraint into equation (27), we rewrite the payoff Π(B) as

Π(B) =
∫ 1

c/v
(pv− c)dF(p)− B︸ ︷︷ ︸

net project value

−λ
∫ max{c/v,inf σ−1

w (s)}

c/v
(pv− c)dF(p)︸ ︷︷ ︸

net loss of liquidation

−
∫ max{inf σ−1

w (s),pE(s)}

max{c/v,inf(s)}
(pv− c)dF(p)︸ ︷︷ ︸

net loss of shirking

. (28)

Equation (28) illustrates the entrepreneur’s expected payoff intuitively. What the entrepreneur
eventually receives is the net value of the project subtracting the net losses resulting from the
project’s early liquidation and the entrepreneur’s shirking. In particular, in the payoff Π(B)
generated under the disclosure rule σw, there is a net loss caused by early liquidation when
inf σ−1

w (s) is above c/v, while there is a net loss caused by moral hazard when pE(s) is larger
than max{c/v, inf σ−1

w (s)}.
Note that the entrepreneur can obtain the startup loan under the pass-or-fail test σ(p; pC(B)).

We show in the proof that if the disclosure rule σw differs from σ(p; pC(B)), either inf σ−1
w (s) >

pC(B), or pE(s) > pC(B), or both. In either case, compared to the pass-or-fail test σ(p; pC(B)),
the disclosure rule σw causes too much early liquidation and/or too much shirking of the en-
trepreneur, and hence reduces the payoff that the entrepreneur can obtain. As a result, the
entrepreneur’s maximum expected payoff is attained under the pass-or-fail test σ(p; pC(B))
and formulated as

ΠC(B) =
∫ 1

c/v
(pv− c)dF(p)− B− λ

∫ pC(B)

c/v
(pv− c)dF(p). (29)

Then, substituting B = V(pC(B)) into equation (29) yields equation (25).
A novel implication of the result in Proposition 5 is that socially inefficient moral hazard

does not occur in the equilibrium in which the entrepreneur’s payoff is maximized.17 In par-
ticular, in such an equilibrium, if an outsider wins the competition for refinancing the project,
he knows that the entrepreneur will surely work despite the existence of information asymme-
try between them. It may be tempting to think that, due to liquidation risk, the entrepreneur
prefers a disclosure rule which maximizes the likelihood of continuing the project, even though
she may shirk afterwards. However, because moral hazard is indeed more costly than early

17In our setting, moral hazard, referring to the entrepreneur’s shirking on effort, is socially efficient when p <

c/v, but is socially inefficient when p ≥ c/v.
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liquidation it is optimal for the entrepreneur to finance her project under the pass-or-fail test,
which fully eliminates socially inefficient moral hazard.18

We conclude this section by deriving the following comparative statics.

Corollary 2 1. The entrepreneur’s maximum borrowing capacity, V(p∗C) decreases in the liquidity
shock probability λ.

2. The entrepreneur’s maximum payoff, ΠC(B), decreases in both the liquidity shock probability λ

and the borrowing need B.

Intuitively, if the investors are more likely to encounter a liquidity shock at debt rollover,
their initial investment in the project becomes riskier. Hence, the scale of investment they are
willing to make will be lowered, restricting the entrepreneur’s borrowing capacity.

Conditional on the project can be financed, a higher probability of liquidity shock increases
the startup loan claim by the insider. Then, to motivate outsiders to participate in debt rollover,
information contained in the “pass” signal has to be more appealing to them, which requires
a higher threshold of a “pass” signal. In turn, the project is more likely to be liquidated early
and thereby the entrepreneur’s expected payoff is reduced. An increase in the borrowing need
has similar effects on the claim requested by the insider, the threshold of a “pass” signal and
the entrepreneur’s expected payoff.

6 Conclusion

Small and Median-sized enterprises have been playing important roles in our economy. How-
ever, even if they can access many resources, thousands of entrepreneurs still fail obtaining
startup loans to get their projects off the ground. One important reason is the information
asymmetry between incumbent creditor and external creditors when the entrepreneur rolls
over the debt. Therefore, managing information asymmetry by disclosing signal to external
creditors becomes critical for entrepreneurial finance.

In this paper, we develop a model to investigate how entrepreneurs’ transparency affects
their chances to obtain startup loans. We show that among all monotone disclosure rules, a

18Note that under a disclosure rule if there will be shirking by the entrepreneur on a range of project qualities
[p, p], where p ≥ c/v, the expected loss caused by moral hazard is

∫ p
p (pv − c)dF(p). However, if there will be

early liquidation on the same range of project qualities, the expected loss caused by it is λ
∫ p

p (pv − c)dF(p). In

this sense moral hazard is more costly than early liquidation.

27



cutoff disclosure rule, or more specifically, a pass-or-fail test, maximizes entrepreneur borrow-
ing capacity. We fully derive such a test and characterize the investors’ equilibrium behavior at
the startup loan stage and at the debt rollover stage. Furthermore, although many monotone
public signal structures can support the entrepreneur to obtain startup loan when her borrow-
ing need is within the maximum borrowing capacity, a pass-or-fail test whose “pass” signal
threshold depends on the borrowing need maximizes the entrepreneur’s ex-ante payoff and
thus social welfare.

Our paper has both applied and theoretical contributions. From an applied perspective,
our results echo the evolution of the disclosure requirement for small and Median-sized enter-
prises: All SMEs are required to disclose sufficient information, while there are more and more
exemptions, which essentially reduces disclosure requirements. In addition, the disclosure rule
can be interpreted as how entrepreneur data should be shared among creditors. This is a hot
topic in policy circles. For example, how borrower data should be shared among financial in-
stitutions in the proposed open banking system is now under consideration of the Consumer
Financial Protection Bureau.

From a theoretical perspective, we highlight the trade-off between early liquidation and en-
trepreneur moral hazard when determining the signal that maximizes entrepreneur borrowing
capacity. This trade-off may be important in other dynamic corporate finance issues. Also, our
method to show that a pass-or-fail test maximizes the entrepreneur borrowing capacity differs
from those in the literature on information design and so may be useful in deriving “optimal”
information structures in many other economic environments.
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A Appendix

Proof of Proposition 1:

The first part of this proposition follows directly from the image of the function W( p̂), which
is [0, W(p∗F)]. Therefore, for any borrowing need B ∈ [0, W(p∗F)], the entrepreneur is offered a
startup loan to get the project off the ground.

Now suppose the entrepreneur needs to raise an external fund B which is less that W(p∗F).
Under the rule of full disclosure, the project is financed at day 0 with the insider requesting a
claim m1,F(B), where m1,F(B) = pF(B)v− c. Moreover, at day 1, if the realized project quality
satisfies p ≥ pF(B), the project is refinanced by an investor, either the insider or an outsider,
with a claim m2 = m1,F(B)/p; whereas if the realized project quality satisfies p < pF(B), the
project is either liquidated or refinanced by the insider who captures all net surplus. Thus, the
entrepreneur receives a positive return if and only if there is a competition at debt-rollover at
day 1 and the realized cash flow at day 2 is v. Precisely, her expected payoff ΠF(B) is

ΠF(B) =
∫ 1

pF(B)
[p(v−m2)− c]dF(p) =

∫ 1

pF(B)
[p− pF(B)]vdF(p).

On the other side, if the entrepreneur wants to raise a fund B which is strictly larger than
W(p∗F), Proposition 1 shows that, under the rule of full disclosure, her project cannot be fi-
nanced. Hence, in this case her expected payoff is 0.

Q.E.D.

Proof of Lemma 1:

There are two cases to consider: (1) Pr(s) > 0, so the signal s reveals coarse information
to the outsiders and the competition at refinance features adverse selection; (2) Pr(s) = 0, so
the signal s reveals the project quality perfectly to the outsiders and there is no information
asymmetry among the investors at refinance.

Case (1): Pr(s) > 0.
The result in part (a) is straightforward. If after observing a signal s no outsider is willing

to refinance the project, the insider will be the only possible investor to do so. In the case that
the insider does not encounter a liquidity shock, for p ∈ s∩ [c/v, 1] he requests a claim v− c/p
to capture all net surplus of the project while keep the entrepreneur motivated to work; for
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p ∈ s ∩ [0, c/v) he requests a claim 0 because the entrepreneur will always shirk. Thus, the
insider’s expected payoff before the realization of signal s is

(1− λ)
∫

s∩[c/v,1]
(pv− c)dF(p).

The result in part (b) illustrates the main interactions of the investors under asymmetric
information.

First, consider the entrepreneur’s behavior at day 2. If after observing signal s the outsiders
compete to provide a refinancing loan with an equilibrium claim m2, the project is refinanced
with certainty. Then, the entrepreneur works at day 2 if and only if she observes p ≥ pE(s),
where

pE(s) =
c

v−m2
, (A.1)

in which the subscript ”E” stands for effort. Moreover, because m2 ≥ 0, it is necessary that
pE(s) ≥ c/v.

Second, consider the insider’s behavior at day 1. Expecting that the outsiders request the
claim m2 for the refinancing loan, the insider without encountering a liquidity shock will partic-
ipate the competition if and only if the project quality satisfies p > pI,E(s) ≡ max{pI(s), pE(s)},
where

pI(s) =
m1

m2
,

and the subscript ”I” stands for information advantage. The reason is that, for p > pI,E(s),
if the insider wins to refinance the project by requesting the same claim m2, he can obtain an
expected return pm2 at day 2 which is strictly larger than m1. On the other hand, for p < pI,E(s),
if the insider also wins to refinance the project by requesting the claim m2, his expected return
at day 2, either pm2 or 0, will be strictly less than m1.

Third, consider the outsiders’ behavior at day 1. Foreseeing the insider’s behavior in com-
petition, the outsiders form their posterior beliefs following the Bayes’ rule. Particularly, con-
ditional on one of them winning to refinance the project with the claim m2, they infer that with
a probability

λ

λ + (1− λ)
Pr(s∩[0,pI,E(s)])

Pr(s)

the insider encounters a liquidity shock and hence does not participate the competition, in
which event the project quality is drawn from the interval s with a density f (p)/ Pr(s); while
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with a probability
(1− λ)

Pr(s∩[0,pI,E(s)])
Pr(s)

λ + (1− λ)
Pr(s∩[0,pI,E(s)])

Pr(s)

the insider encounters no liquidity shock but chooses not to participate the competition, in
which event the project quality is drawn from the interval s∩ [0, pI,E(s)] with a density f (p)/ Pr(s∩
[0, pI,E(s)]). In addition, the claim m2 is repaid at day 2 only if the entrepreneur works and the
realized cash flow is v. Thus, the winning outsider’s expected payoff from providing the refi-
nancing loan is

λ
∫

s∩[pE(s),1]
pm2 f (p)

Pr(s) dp

λ + (1− λ)
Pr(s∩[0,pI,E(s)])

Pr(s)

+
(1− λ)

Pr(s∩[0,pI,E(s)])
Pr(s)

∫
s∩[pE(s),pI,E(s)]

pm2 f (p)
Pr(s∩[0,pI,E(s)])

dp

λ + (1− λ)
Pr(s∩[0,pI,E(s)])

Pr(s)

,

which, after simplifications, becomes

λ
∫

s∩[pE(s),1]
pm2dF(p) + (1− λ)

∫
s∩[pE(s),pI,E(s)]

pm2dF(p)

λ Pr(s) + (1− λ)Pr(s ∩ [0, pI,E(s)])
.

Because the winning outsider should break even from refinancing the project, it requires the
condition

m1 =
λ
∫

s∩[pE(s),1]
pm2dF(p) + (1− λ)

∫
s∩[pE(s),pI,E(s)]

pm2dF(p)

λ Pr(s) + (1− λ)Pr(s ∩ [0, pI,E(s)])
, (A.2)

in which, due to competition, m2 is the smallest value that makes this equation hold. Implicitly,
in this equation we should have pE(s) < sup(s), otherwise the entrepreneur will always shirk
after observing p ∈ s.

The insider’s expected payoff before the realization of signal s is

λ Pr(s)m1 + (1− λ){Pr(s ∩ [0, pI,E(s)])m1 +
∫

s∩[pI,E(s),1]
pm2dF(p)}. (A.3)

When the insider encounters the liquidity shock, he receives the loan repayment m1, which is
paid by an outsider who wins to refinance the project. Alternatively, when the insider encoun-
ters no liquidity shock, with probability Pr(s∩ [0, pI,E(s)]) the project quality is too low for him
to roll over the loan, so he also takes the loan repayment m1; while with the complementary
probability the project quality attracts him to roll over the loan, and he wins the competition
by requesting the claim m2. Replacing m1 in expression (A.3) by the term on the right hand
of equation (A.2), and then replacing m2 by v− c/pE(s) as determined by equation (A.1), the
insider’s expected payoff is ∫

s∩[pE(s),1]
p(v− c

pE(s)
)dF(p).
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Case (2): Pr(s) = 0.
The result in this case follows the analysis of Proposition 1. If after the realization of signal

s = { p̃} no outsider is willing to refinance the project, then the insider without encountering a
liquidity shock will refinance the project with a claim v− c/ p̃ for p̃ ≥ c/v and with a claim 0
for p̃ < c/v. Thus, before the realization of signal s = { p̃}, the insider’s expected payoff from
this signal is

(1− λ)
∫

s∩[c/v,1]
(pv− c)dF(p).

On the other side, if after the realization of signal s = { p̃} the outsiders compete to refinance
the project with the claim m2, then the competition among the investors is of complete infor-
mation and the claim m2 requested by them satisfies p̃m2 = m1. Moreover, conditional on the
claim m2 being requested, the entrepreneur will work if and only if p̃ is above the cutoff value
pE(s), where pE(s) = c/(v− m2). Because in this case after the realization of signal s = { p̃}
the insider always obtains an expected payoff m1, or equivalently, p(v− c/pE(s)), his expected
payoff before the realization of signal s = { p̃} also has the expression∫

s∩[pE(s),1]
p(v− c

pE(s)
)dF(p).

Note that because Pr(s) = 0, both expected payoffs in this case indeed equal 0.
Q.E.D.

Proof of Proposition 3:

Suppose the entrepreneur has to raise an amount of funding B > 0, where B = V( p̂)
for some values of p̂ ∈ [c/v, 1], and the disclosure rule is the cutoff rule σ(p; p̂). We want
to know whether the following strategy profile, together with the outsiders’ belief updating
being consistent with the Bayes’ rule, consist of an equilibrium. The strategy profile is given as
follows.

(i) At day 0, the investors compete to finance the project with a claim m∗1 determined by

m∗1 =
λ
∫ 1

p̂ p(v− c
p̂ )dF(p) + (1− λ)

∫ max{ m∗1
v−c/ p̂ ,p̂}

p̂ p(v− c
p̂ )dF(p)

λ[1− F( p̂)] + (1− λ)[F(max{ m∗1
v−c/ p̂ , p̂})− F( p̂)]

. (A.4)

(ii) At day 1, after observing signal sH = [ p̂, 1], the outsiders compete to refinance the
project with a claim m∗2 determined by

m∗2 = v− c
p̂

; (A.5)
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while after observing signal sL = [0, p̂) no outsider is willing to refinance the project.
(iii) At day 1, if the insider encounters no liquidity shock, after observing signal sH = [ p̂, 1]

he competes to refinance the project with the claim m∗2 if and only if p ≥ max{m∗1/m∗2 , p̂}; while
after observing signal sL = [0, p̂) he refinances the project with a claim v− c/p for p ≥ c/v and
with a claim 0 for p < c/v.

(iv) At day 2, the entrepreneur works if and only if the claim m2 requested by the investors
satisfies p(v−m2) ≥ c.

Note that under the cutoff rule σ(p; p̂) if the strategy profile (i) to (iv) is played, then σ(p; p̂)
is a balanced cutoff rule. Also note that by the analysis following Lemma 1, given the other
players’ behavior in this strategy profile, the insider’s behavior at day 1 and the entrepreneur’s
behavior at day 2 are optimal to them. Thus, we focus on the optimality of the investors’
behavior at day 0 and the outsiders’ behavior at day 1.

To do so, we introduce a function φ(m1; m2) such as

φ(m1; m2) = {λ
∫ 1

max{ c
v−m2

,p̂}
pm2dF(p) + (1− λ)

∫ max{m1
m2

, c
v−m2

,p̂}

max{ c
v−m2

,p̂}
pm2dF(p)}

−m1{λ[1− F( p̂)] + (1− λ)[F(max{m1

m2
,

c
v−m2

, p̂})− F( p̂)]}. (A.6)

Function φ(m1; m2) aims to describe the net return for the outsiders to refinance the project
at day 1. Suppose the claim requested by the insider is m1, and after the realization of signal
sH = [ p̂, 1] the lowest claim requested by the outsiders is m2 (for simplicity, we may assume
there is no tie among the outsiders). Then, on the right hand side of equation (A.6), the first
term is the expected return to the outsider who requests m2, and the second term is the expected
payment made by this outsider. When φ(m1; m2) = 0, equation(A.6) degenerates to the out-
siders’ break-even condition. Moreover, it is direct to see that m∗1/m∗2 > p̂ and φ(m∗1 ; m∗2) = 0
by construction.19

Step 1. Given the other players’ behavior in the strategy profile (i) to (iv), the outsiders’
behavior described in (ii) is optimal to them.

19If m∗1/m∗2 ≤ p̂, equation (A.4) can be expressed as

m∗1 =
λ
∫ 1

p̂ p(v− c
p̂ )dF(p)

λ[1− F( p̂)]
=

(v− c
p̂ )
∫ 1

p̂ pdF(p)

1− F( p̂)
> (v− c

p̂
) p̂ = m∗2 p̂.

A contradiction.
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Fixing m1 = m∗1 . Note that because m∗1/m∗2 > p̂,

dφ(m∗1 ; m2)

dm2
= λ

∫ 1

p̂
pdF(p) + (1− λ)

∫ m∗1
m2

p̂
pdF(p) > 0

for m2 ∈ [0, m∗2 ]. Together with φ(m∗1 ; 0) < 0 and φ(m∗1 ; m∗2) = 0, we have φ(m∗1 ; m2) < 0 for
any m2 ∈ [0, m∗2). Thus, m∗2 is the smallest value of m2 that satisfies φ(m∗1 ; m2) = 0. As a result,
if the insider’s claim is m∗1 , after observing signal sH = [ p̂, 1] it is optimal for the outsiders to
request m∗2 to refinance the project.

Also note that m∗1/m∗2 > p̂ implies

m∗1 > p̂v− c >

∫ p̂
c/v(pv− c)dF(p)

F( p̂)
,

in which the last term is an upper bound of the expected return that an outsider can receive
from refinancing the project after the realization of signal sL = [0, p̂). Hence, if the insider’s
claim is m∗1 , after observing signal sL = [0, p̂) no outsider should be willing to roll over the
loan.

Step 2. If p̂ ∈ ΦCD, the investors’ behavior described in (i) is optimal. If p̂ /∈ ΦCD, the
investors’ behavior described in (i) may or may not be optimal, but the project is still financed
under the cutoff rule σ(p; p̂).

Fixing m2 = m∗2 , we have

φ(0; m∗2) > 0, and φ(v− c
p̂

; m∗2) < 0.

In addition, for m1 ∈ [0, v− c/ p̂],

dφ(m1; m∗2)
dm1

= −λ[1− F( p̂)]− (1− λ)[F(max{ m1

v− c/ p̂
, p̂})− F( p̂)] < 0.

These inequalities imply that, for m1 ∈ [0, v− c/ p̂], m∗1 is the unique value of m1 that satisfies
φ(m1; m∗2) = 0.

Suppose an investor wins to finance the project at day 0 with the claim m∗1 . Given the
strategy profile (i) to (iv), by Lemma 1, the insider’s expected payoff is

V( p̂) =
∫ 1

p̂
p(v− c

p̂
)dF(p) + (1− λ)

∫ p̂

c/v
(pv− c)dF(p). (A.7)

Thus, the insider’s break-even condition B = V( p̂) is satisfied.
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We need to check whether any investor has an incentive to request a claim lower than m∗1 to
finance the project at day 0.

Suppose an investor wins to finance the project at day 0 with a claim m′1, where m′1 < m∗1 .
Note that for any m′1 ∈ (0, m∗1), if we take m′1 as fixed, then φ(m′1; 0) < 0 and φ(m′1; m∗2) > 0
imply that there is a value m′2 ∈ (0, m∗2) satisfying φ(m′1; m′2) = 0. Therefore, if the insider’s
claim is m′1, after observing signal sH = [ p̂, 1] the outsiders will compete to refinance the project.
In turn, there are two cases to consider: (a) the outsiders compete to refinance the project if and
only if the realized signal is sH = [ p̂, 1]; (b) the outsiders compete to refinance the project after
the realization of both signals.

Consider case (a). Let m2(sH) be the claim requested by the outsiders after the realiza-
tion of signal sH = [ p̂, 1]. By the argument in the previous paragraph, m2(sH) < m∗2 and
φ(m′1; m2(sH)) = 0. By Lemma 1, the insider’s expected payoff has the form∫ 1

max{ p̂,pE(sH)}
p(v− c

pE(sH)
)dF(p) + (1− λ)

∫ p̂

c/v
(pv− c)dF(p), (A.8)

where pE(sH) = c/[v−m2(sH)]. Because m2(sH) < m∗2 , we have pE(sH) < p̂. Thus, term (A.8)
is strictly less than V( p̂), indicating that in this case the claim m′1 will cause the insider to suffer
a loss.

Consider case (b). Let m2(sH) and m2(sL) be the claims requested by the outsiders after
the realization of signals sH = [ p̂, 1] and sL = [0, p̂), respectively. By Lemma 1, the insider’s
expected payoff has the form∫ 1

max{ p̂,pE(sH)}
p(v− c

pE(sH)
)dF(p) +

∫ p̂

pE(sL)
p(v− c

pE(sL)
)dF(p), (A.9)

where pE(sH) = c/[v−m2(sH)] and pE(sL) = c/[v−m2(sL)]. Note that pE(sL) < p̂, otherwise
after observing signal sL no outsider is willing to refinance the project.

Here we show that m2(sH) < m2(sL) and thereby pE(sH) < pE(sL). To see this, note that
we should have the following equation and inequalities:

m′1 =
λ
∫ p̂

c/v pm2(sL)dF(p) + (1− λ)
∫ min{max{ m′1

m2(sL)
pE(sL)},p̂}

c/v pm2(sL)dF(p)

λF( p̂) + (1− λ)F(min{max{ m′1
m2(sL)

pE(sL)}, p̂})
< p̂m2(sL)

<
λ
∫ 1

p̂ pm2(sL)dF(p) + (1− λ)
∫ max{ m′1

m2(sL)
,p̂}

p̂ pm2(sL)dF(p)

λ[1− F( p̂)] + (1− λ)[F(max{ m′1
m2(sL)

, p̂})− F( p̂)]
. (A.10)
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In expression (A.10), the equation is the break-even condition for the outsiders to request the
claim m2(sL) after they observe signal sL. The inequalities then indicate that, if after the real-
ization of signal sH the outsiders also request the claim m2(sL) for refinancing the project, the
winning outsider’s expected payoff is strictly larger than m′1. As a result, after observing the
signal sH, the claim m2(sH) requested by the outsiders should satisfy m2(sH) < m2(sL). In turn,
pE(sH) < pE(sL).

With pE(sH) < pE(sL), term (A.9) is strictly less than∫ 1

pE(sL)
p(v− c

pE(sL)
)dF(p). (A.11)

If p̂ ∈ ΦCD, with pE(sL) < p̂ shown above, we have∫ 1

pE(sL)
p(v− c

pE(sL)
)dF(p) < V(pE(sL)) < V( p̂) = B.

So in this case the claim m′1 will lead the insider to make a loss.
If p̂ /∈ ΦCD, it is possible for term (A.9) to be larger than V( p̂) and B. For example, if both p̂

and λ are close to 1, then V( p̂) is close to 0 and term (A.9) can be larger than V( p̂) with proper
values of pE(sH) and pE(sL). In this case, the claim m′1 can make the insider to earn a profit. As
a result, competition at day 0 will further drive down the claim requested by the investors to a
lower value. However, for p̂ /∈ ΦCD, it is also possible that term (A.9) is less than V( p̂), so the
claim m′1 will lead the insider to make a loss.

In summary, if the entrepreneur requires an external fund B = V( p̂), under the cutoff rule
σ(p; p̂) the project is always financed. Moreover, for p̂ ∈ ΦCD, σ(p; p̂) is a balanced cutoff rule;
for p̂ /∈ ΦCD, σ(p; p̂) is either a balanced cutoff rule or a rule under which the outsiders compete
to refinance the project at day 1 after observing any signal.

Q.E.D.

Proof of Proposition 4:

Consider any monotone partitional disclosure rule σ and the partition P(σ) induced by it.
We want to show that if the project is financed under this disclosure rule, the insider’s expected
payoff, here denoted as U(σ), is no larger than V(p∗CD).

Together with the results in Lemma 1, we see that under the disclosure rule σ, the insider’s
expected payoff from financing the project with a claim m1 has the form

U(σ) = ∑
s∈PH(σ)

∫
s∩[pE(s),1]

p(v− c
pE(s)

)dF(p) + ∑
s∈PL(σ)

(1− λ)
∫

s∩[c/v,1]
(pv− c)dF(p), (A.12)
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in which pE(s) = c/(v−m2(s)), and pE(s), m2(s) are all determined in equilibrium.
If PH(σ) is empty, then

U(σ) = (1− λ)
∫ 1

c/v
(pv− c)dF(p),

which is apparently less than V(p∗CD). So hereafter we focus on the case that PH(σ) is non-
empty.

For signals s and s′ in P(σ), we say s′ > s if inf(s′) ≥ sup(s). In addition, let s be the
”smallest” signal in PH(σ), so that s > s for any s ∈ PH(σ) and s 6= s.

We proceed to establish the result in Proposition 4 with the following steps.
Step 1. If s ∈ PH(σ) and s′ > s, then s′ ∈ PH(σ). Moreover, m2(s′) < m2(s) and pE(s′) <

pE(s).
Suppose s ∈ PH(σ), and s′ > s. Consider the case that Pr(s) > 0 and Pr(s′) > 0. In this

case, the following equation and inequalities should hold in equilibrium:

m1 =
λ
∫

s∩[pE(s),1]
pm2(s)dF(p) + (1− λ)

∫
s∩[pE(s),max{ m1

m2(s)
,pE(s)}] pm2(s)dF(p)

λ Pr(s) + (1− λ)Pr(s ∩ [0, max{ m1
m2(s)

, pE(s)}])
< sup(s) ·m2(s)

≤ inf(s′) ·m2(s)

<
λ
∫

s′∩[pE(s),1]
pm2(s)dF(p) + (1− λ)

∫
s′∩[0,max{ m1

m2(s)
,pE(s)}] pm2(s)dF(p)

λ Pr(s′) + (1− λ)Pr(s′ ∩ [0, max{ m1
m2(s)

, pE(s)}])
. (A.13)

In expression (A.13), the last inequality holds because we should have pE(s) < sup(s) ≤ inf(s′)
in equilibrium and thereby s′ ∩ [pE(s), 1] = s′. Expression (A.13) has the similar interpretation
of expression (A.10); that is, if after observing signal s an outsider can break even from winning
to refinance the project with the claim m2(s), then after observing a better signal s′ an outsider
can earn a profit from winning to refinance the project with the same claim m2(s). As a result,
after observing signal s′, competition leads the outsiders to request a claim m2(s′) to refinance
the project, where m2(s′) is determined by

m1 =

λ
∫

s′∩[pE(s′),1]
pm2(s′)dF(p) + (1− λ)

∫
s∩[pE(s′),max{ m1

m2(s
′) ,pE(s′)}] pm2(s′)dF(p)

λ Pr(s′) + (1− λ)Pr(s′ ∩ [0, max{ m1
m2(s′)

, pE(s′)}])
,

and satisfies m2(s′) < m2(s). In turn, pE(s′) < pE(s). Intuitively, because after the realization
of a better signal the claim requested by the outsiders is lower, the cutoff value above which
the entrepreneur works will also be lower.
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Modifying the arguments above slightly, we can verify that for the case Pr(s) > 0 and
Pr(s′) = 0, the case Pr(s) = 0 and Pr(s′) > 0, and the case Pr(s) = Pr(s′) = 0, we all have the
results that m2(s′) < m2(s) and pE(s′) < pE(s).20

Step 2. U(σ) ≤ V(p∗CD), and the inequality is strict if ∑s∈PH(σ)\{s} Pr(s) > 0 and/or inf(s) 6=
pE(s).

Because pE(s) < sup(s), by the analysis in Step 1, we have pE(s) < pE(s) < sup(s) ≤ inf(s)
for any s ∈ PH(σ)\{s}. Then, expression (A.12) can be transformed to

U(σ) =
∫ sup(s)

max{inf(s),pE(s)}
p(v− c

pE(s)
)dF(p) + ∑

s∈PH(σ)\{s}

∫ sup(s)

inf(s)
p(v− c

pE(s)
)dF(p)

+(1− λ)
∫ max{c/v,inf(s)}

c/v
(pv− c)dF(p). (A.14)

The key observation in this expression is that, after the realization of any signal s ∈ PH(σ)\{s}
and the investors’ refinancing of the project, the entrepreneur will work for any project quality
p ∈ s.

Denote p̂ = max{inf(s), pE(s)} and note that pE(s) ≥ c/v in equilibrium. We then have

U(σ) ≤
∫ 1

max{inf(s),pE(s)}
p(v− c

pE(s)
)dF(p)) + (1− λ)

∫ max{c/v,inf(s)}

c/v
(pv− c)dF(p)

≤
∫ 1

p̂
p(v− c

p̂
)dF(p)) + (1− λ)

∫ p̂

c/v
(pv− c)dF(p)

= V( p̂) ≤ V(p∗CD). (A.15)

Thus, we have the result that U(σ) ≤ V(p∗CD). Moreover, in expression (A.15) the first inequal-
ity is strict if ∑s∈PH(σ)\{s} Pr(s) > 0, and the second inequality is strict if inf(s) 6= pE(s).

In summary, for a project to be financed under a monotone partitional disclosure rule σ, the
insider’s expected payoff and equivalently the amount of funding the entrepreneur can borrow
cannot be more than V(p∗CD). On the other side, we have shown in Proposition ?? that under
the balanced cutoff rule σ(p; p∗CD) the entrepreneur can raise an amount V(p∗CD) for her project.
Therefore, among all monotone partitional disclosure rules, the maximal pledgeable income of
the project is V(p∗CD).

Q.E.D.

Proof of Corollary 1:
20For example, for the case Pr(s) = 0 and Pr(s′) > 0, we can show the results by replacing the equation in

expression (A.13) with m1 = sup(s) ·m2(s).
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To see this result, note that if the project is financed under the rule of no disclosure, there is
only one signal s = [0, 1] sent to the outsiders. After observing this signal, the outsiders either
refuse to roll over the loan, or compete to roll over the loan with a claim m2. In the former case,
the insider’s expect payoff at day 0 is

(1− λ)
∫ 1

c/v
(pv− c)dF(p), (A.16)

which is equivalent to set inf(s) = 1 in expression (23); in the latter case, the insider’s expected
payoff at day 0 is ∫

pE(s)
p(v− c

pE(s)
)dF(p), (A.17)

which is equivalent to set inf(s) = 0 in expression (23) and with pE(s) determined in equi-
librium. Because we have seen that inf(s) = 0 or inf(s) = 1 does not maximize the payoff
in expression (23), the project’s pledgeable income generated by the rule of no disclosure is
strictly less than V(p∗CD).

Q.E.D.

Proof of Proposition 5:

Suppose the project is financed under a monotone partitional disclosure rule σ. As we show
in the main text, in equilibrium the entrepreneur’s borrowing constraint has the form

B = ∑
s∈PH(σ)

∫
s∩[pE(s),1]

pm2(s)dF(p) + ∑
s∈PL(σ)

(1− λ)
∫

s∩[c/v,1]
(pv− c)dF(p), (A.18)

in which m2(s) = v− c/pE(s). On the other side, the entrepreneur’s expected payoff Π(B) has
the form

Π(B) = ∑
s∈PH(σ)

∫
s∩[pE(s),1]

[p(v−m2(s))− c]dF(p). (A.19)

Thus, to maximize the entrepreneur’s expected payoff from the project, the designer’s problem
is to find the disclosure rule σ that maximizes the payoff Π(B) subject to the entrepreneur’s
borrowing constraint.

Note that if PH(σ) is empty, then Π(B) = 0. Hereafter we focus on the case that PH(σ) is
non-empty.
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Let Π(B) = Π(B) + B− B and replace the first B with the term on the right hand side of
equation (A.18), payoff Π(B) becomes

Π(B) =
∫ 1

c/v
(pv− c)dF(p)− B

− ∑
s∈PL(σ)

λ
∫

s∩[c/v,1]
(pv− c)dF(p)− ∑

s∈PH(σ)

∫
s∩[c/v,pE(s)]

(pv− c)dF(p). (A.20)

With s indicating the smallest signal in PH(σ), we have shown before that s > s implies
s ∈ PH(σ), m2(s) < m2(s) and pE(s) < pE(s). Thus, payoff Π(B) can be further expressed as

Π(B) =
∫ 1

c/v
(pv− c)dF(p)− B

−λ
∫ max{c/v,inf(s)}

c/v
(pv− c)dF(p)−

∫ max{inf(s),pE(s)}

max{c/v,inf(s)}
(pv− c)dF(p), (A.21)

with pE(s) ≥ c/v in equilibrium.
We want to show that the entrepreneur’s expected payoff is maximized under the balanced

cutoff rule σ(p; pCD(B)). To see this, for payoff Π(B) taking the general form in expression
(A.21), we need to consider three cases listed below. Because in equilibrium the composition of
set PL(σ) is irrelevant to the entrepreneur’s expected payoff, without loss of generality we can
assume that there is at most one signal, [0, inf(s)), in PL(σ).

(a) ∑s∈PH(σ)\{s} Pr(s) > 0, so the disclosure rule σ is not a cutoff rule;
(b) ∑s∈PH(σ)\{s} Pr(s) = 0 but inf(s) 6= pE(s), so the disclosure rule σ is not balanced;21

(c) ∑s∈PH(σ)\{s} Pr(s) = 0, inf(s) = pE(s), but inf(s) = pE(s) 6= pCD(B), so the disclosure
rule σ may be balanced, but it is not balanced at the cutoff value pCD(B).

Consider cases (a) and (b) first. We have shown with expression (A.15) in the proof of
Proposition 4 such that, if ∑s∈PH(σ)\{s} Pr(s) > 0 and/or inf(s) 6= pE(s), then

V(max{inf(s), pE(s)}) > B.

Because by definition pCD(B) is the smallest value of p̂ satisfying V( p̂) = B, we then have

pCD(B) < max{inf(s), pE(s)}.
21Strictly speaking, when ∑s∈PH(σ)\{s} Pr(s) = 0, the disclosure rule σ could be a cutoff rule, or could be a non-

cutoff rule which induces a partition P(σ) = {[0, p̂), [ p̂, 1), {1}}, where p̂ = inf(s). We ignore the non-cutoff rule
case because it is qualitatively equivalent to the cutoff rule case.
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Instead of the disclosure rule σ, now suppose the project is financed under the balanced
cutoff rule σ(p; pCD(B)). In this case, the entrepreneur’s expected payoff, denoted as ΠCD(B)
to highlight its dependence on balanced cutoff rules, should have the form

ΠCD(B) =
∫ 1

c/v
(pv− c)dF(p)− B− λ

∫ pCD(B)

c/v
(pv− c)dF(p). (A.22)

Subtracting Π(B) in expression (A.21) from ΠCD(B) in expression (A.22), we have

ΠCD(B)−Π(B) = λ
∫ max{c/v,inf(s)}

pCD(B)
(pv− c)dF(p) +

∫ max{inf(s),pE(s)}

max{c/v,inf(s)}
(pv− c)dF(p).

If inf(s) > pCD(B), it is direct to see that ΠCD(B) > Π(B). On the other side, if inf(s) ≤ pCD(B),
which implies pCD(B) < pE(s), then

ΠCD(B)−Π(B) =
∫ pE(s)

max{c/v,inf(s)}
(pv− c)dF(p)− λ

∫ pCD(B)

max{c/v,inf(s)}
(pv− c)dF(p) > 0.

Therefore, if cases (a) and/or (b) will arise under the disclosure rule σ, then the entrepreneur’s
expected payoff can be strictly increased by replacing the disclosure rule σ with the balanced
cutoff rule σ(p; pCD(B)).

Now consider case (c). In this case, the project is financed under a balanced cutoff rule
σ(p; p̂), where p̂ > pCD(B) and V( p̂) = B. Replacing inf(s) and pE(s) in expression (A.21) with
p̂, the entrepreneur’s expected payoff is

Π(B) =
∫ 1

c/v
(pv− c)dF(p)− B− λ

∫ p̂

c/v
(pv− c)dF(p). (A.23)

Because p̂ > pCD(B), we also have ΠCD(B) > Π(B). Thus, compared to other balanced cut-
off rules, the entrepreneur’s expected payoff is strictly larger under the balanced cutoff rule
σ(p; pCD(B)).

Q.E.D.

Proof of Corollary 2:

Consider part (a). By the envelope theorem,

dV(p∗CD)

dλ
= −

∫ p∗CD

c/v
(pv− c)dF(p) < 0.

Thus, the project’s pledgeable income V(p∗CD) decreases in the probability of liquidity shock λ

that the insider encounters.
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Consider part (b). For a required fund B, where B ≤ V(p∗CD), the entrepreneur’s expected
payoff is maximized when the project is financed under the balanced cutoff rule σ(p; pCD(B)).
Thus, in equilibrium, the entrepreneur’s borrowing constraint is

B =
∫ 1

pCD(B)
p(v− c

pCD(B)
)dF(p) + (1− λ)

∫ pCD(B)

c/v
(pv− c)dF(p).

From this constraint, we have

dpCD(B)
dλ

=

∫ pCD(B)
c/v (pv− c)dF(p)∫ 1

pCD(B)
pc

[pCD(B)]2 dF(p)− λ[pCD(B)v− c] f (pCD(B))
. (A.24)

By definition of the values pCD(B), the denominator on the right hand side of equation (A.24) is
positive (or zero, which happens when V( p̂) reaches a local maximum at pCD(B) and is omitted
for simplicity), therefore dpCD(B)/dλ > 0. On the other side,

dΠCD(B)
dpCD(B)

= −
∫ 1

pCD(B)

pc
[pCD(B)]2

dF(p) < 0.

Thus,
dΠCD(B)

dλ
=

dΠCD(B)
dpCD(B)

dpCD(B)
dλ

< 0.

That is, conditional on the project can be financed, the entrepreneur’s maximal expected payoff
ΠCD(B) decreases in the probability of liquidity shock λ that the insider encounters.

Again by definition dpCD(B)/dB > 0. Thus,

dΠCD(B)
dB

=
dΠCD(B)
dpCD(B)

dpCD(B)
dB

< 0.

That is, conditional on the project can be financed, the entrepreneur’s maximal expected payoff
ΠCD(B) decreases in the required fund B.

Q.E.D.
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