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Abstract

We study a model in which a �rm can acquire conclusive evidence about its supplier�s

social and environmental impacts. We identify the disclosure mandate that maximizes

market information. A disclosure mandate determines whether (i) the �rm�s investi-

gation e¤ort is observable by the market and (ii) obtained evidence is disclosed to the

market. When the supply chain visibility is low, the �rm does not know its supplier�s

impacts. The combination of covert investigation and voluntary disclosure of obtained

evidence incentivizes the �rm to acquire evidence and constitutes the optimal disclo-

sure mandate. When the supply chain visibility is high, the �rm knows its supplier�s

impacts. Overt investigation and mandatory disclosure of obtained evidence together

enable the �rm to signal its private knowledge through the chosen investigation e¤ort

and maximize market information. The sharp contrast of these two cases highlights

the importance of supply chain visibility in determining the optimal mandate.
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1 Introduction

Countries worldwide are increasingly enacting legislation aimed at promoting supply

chain transparency and social responsibility. A recent milestone is the forthcoming EU Cor-

porate Sustainability Due Diligence Directive (CSDD). Agreed upon by European countries

in December 2022 and approved by member states in March 2024, this directive mandates

EU companies to manage social and environmental impacts across their entire supply chain.

Firms are obligated to identify and mitigate actual and potential impacts, alongside the

transparency of due diligence processes. Prior to this EU directive, Germany enacted the

Supply Chain Due Diligence Act in 2021, and France introduced the Corporate Duty of

Vigilance Law in 2017. Additionally, policymakers have introduced similar mandates in var-

ious sectors globally, such as the Dodd-Frank Act�s requirement for U.S. listed companies to

disclose their use of con�ict minerals and France�s imposition of disclosure requirements for

institutional investors and asset managers under the Energy Transition for Green Growth

Act.1 Alongside regulatory e¤orts, consumer demand for information regarding the pro-

duction processes is also on the rise. For example, Kraft et al. (2018) �nd that consumers

pay a premium for transparency regarding a company�s social responsibility practice in the

upstream supply chain.

Existing literature examines the impact of disclosure mandate, both empirically and

theoretically. While the empirical literature on disclosure mandates provides evidence that

requiring a �rm to disclose its impacts incentivizes it to reduce those impacts (Doshi et al.,

2013), the theoretical literature demonstrates a peril of such a policy when the �rm�s infor-

mation about its impacts is endogenous � such mandate may deter �rms from measuring

and thus from improving their impacts (Kalanci et al. 2016; Kalanci and Plambeck 2020).

While much of the existing literature focuses on the disclosure of impacts alone, this paper

considers disclosure mandates across two dimensions. Firstly, we examine the disclosure

of e¤orts to investigate impacts. For example, the German Supply Chain Due Diligence

Act mandates the disclosure of e¤orts to identify and assess social and environmental im-

pacts in supply chains. Similarly, under the California Transparency in Supply Chain Act

1For detail, see Hilke et al. (2021).
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(Senate Bill 657), �rms are required to disclose e¤orts to combat forced labor. Despite

the possibility of voluntary disclosures, such disclosures often contain vague or misleading

content due to the nature of soft information. For example, it would be di¢cult for con-

sumers to verify if e¤orts are genuinely spent on investigation. Thus, regulatory mandate

is often necessary for meaningful communication.2 Secondly, we consider the disclosure

of investigation results. For instance, the U.S. Environmental Protection Agency�s Toxics

Release Inventory (TRI) mandates thousands of establishments to publicly disclose emis-

sions of toxic chemicals. Companies like Walmart, Target, and Costco voluntarily share

environmental reports with the public. The Kering Group goes beyond regulatory require-

ments by disclosing greenhouse gas emissions, air and water pollution, land use, and water

consumption incurred by its suppliers from Tier-1 to Tier-4. In contrast to the disclosure

of investigation e¤orts, voluntary disclosures often comprise hard information, veri�able by

the market, and fabricating such information can lead to severe repercussions, even crim-

inal prosecution (Sarbanes-Oxley Act 2002). This dimension is the primary focus of most

of the literature.

We analyze how a policymaker, whose aim is to maximize public access to information,

optimally chooses mandates on supply chain transparency. A �rm has the option to invest

e¤ort in acquiring evidence regarding its supplier�s social and environmental impacts. The

policymaker faces two decisions: 1) whether to mandate the disclosure of the e¤ort exerted

in acquiring evidence, and 2) whether to mandate the disclosure of the evidence obtained.

A higher e¤ort level chosen by the �rm increases the likelihood of acquiring evidence about

its supplier�s impacts.3 However, since such e¤ort consists mostly of soft information, we

assume that the �rm cannot credibly communicate it to the public unless mandated to do

2For example, the new EU sustainability reporting standards are criticized as �moving away
from mandatory disclosure of key reporting requirements� and consequently �will allow greenwash-
ing�. See https://www.energymonitor.ai/reporting-and-disclosure/eu-sustainability-reporting-standards-
will-allow-greenwashing-say-ngos/.

3E¤ort can also be interpreted as the cost of investigation, incurred by the �rm when engaging a third-
party to scrutinize its suppliers. This cost re�ects the scope of the investigation, which in turn in�uences
its thoroughness.
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so.4 Given any e¤ort level, there is a possibility that the �rm fails to obtain evidence.5

When the �rm successfully obtains the evidence, it can then decide whether to disclose

it to the public. If evidence disclosure is not mandated, the �rm can conceal unfavorable

evidence. Based on all available information, the market determines the �rm�s valuation,

and the �rm�s goal is to maximize its valuation.

We examine disclosure mandates in two distinct information environments: high and low

supply chain visibility scenarios. In the high supply chain visibility case, the �rm is privately

informed of its supplier�s impacts. In the low supply chain visibility case, the �rm has no

information about these impacts.6 Supply chain visibility is in�uenced by the complexity

of the supply chain. While a �rm with a simple supply chain may be knowledgeable about

the impacts of its entire supply chain, this is less likely for multinational companies with

complex supply chains. According to a survey of 335 global manufacturing executives, 49%

admitted that their companies had limited knowledge about their supply chain beyond

Tier-1 suppliers, let alone the entire supply chain (KPMG 2013). Similarly, another survey

covering 600 supply chain professionals in 17 countries found that only 6% believed their

�rms had achieved full supply chain visibility (GEODIS 2017). By studying the optimal

disclosure mandate in di¤erent information environments, we o¤er new insights into how

these mandates interact with changes in supply chain visibility.

We show that the optimal disclosure mandate is contingent upon supply chain visibility.

In the case with low visibility, the �rm lacks information about its supplier. By conducting

investigations, the �rm can acquire both information and evidence. In such case, it is

4For example, an article in Harvard Business Review (Pucker 2021) lists �lack of mandates and auditing�
as one of the problems with sustainability reporting: �Most companies have complete discretion over what
standard-setting body to follow and what information to include in their sustainability reports. In addition,
although 90% of the world�s largest companies now produce CSR reports, a minority of them are validated
by third parties. As a result, a lot of the input data is misleading and incomplete.�

5For instance, in response to complaints about the challenges of tracing con�ict minerals in intricate
supply chains, the Securities and Exchange Commission (SEC) permits �rms to label their product�s con�ict
mineral status as �undeterminable� (SEC 2012).

6There is no consensus on the terminologies in the literature (Budler et al. 2024). Sodhi and Tang (2019)
contrast the term supply chain visibility, i.e., what managers know about upstream operations, with supply
chain transparency, i.e., information that is disclosed to to the public, including consumers and investors
about upstream operations and argue that supply chain visibility is necessarily for transparency. In our
usage of the term, we further restrict the high visibility case to the sitution in which the supply chain is
visible to the manager, yet the manager is unable to communciate this information to the market without
�rst acquiring evidence.
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optimal for the �rm�s e¤ort to remain unobservable to the market, and for the disclosure of

evidence to be voluntary, thereby encouraging the �rm to acquire evidence. The rationale

behind this approach is as follows: if the �rm is expected to gather evidence, the market

views a lack of disclosure with skepticism. This skepticism arises because it is impossible

to discern whether the �rm has failed to acquire evidence or is concealing unfavorable

evidence. To avoid such skepticism, the �rm conducts investigations and discloses the

�ndings. Furthermore, no other combination of mandates is able to incentivize evidence

acquisition when the �rm lacks knowledge about its supply chain. If the policymaker

mandates disclosure of e¤ort, by exerting no e¤ort, the �rm is able to convince the market

that the absence of disclosure is due to a lack of investigation altogether. Similarly, if the

policymaker mandates disclosure of evidence, the �rm can assure the market that there is

indeed nothing to disclose when it does not disclose. In both cases, the absence of disclosure

is not interpreted negatively by the market. This means that the �rm has no incentives to

acquire evidence.

In the case with high visibility, the �rm has full knowledge of its supply chain. Through

investigation, the �rm obtains evidence only, which it can use to prove its supplier�s impacts

to the market. In such case, it is optimal to mandate the disclosure of both e¤ort and

evidence obtained. The rationale behind this approach is as follows: a �rm can signal its

private information through the chosen e¤ort level. Without mandating the disclosure of

e¤ort, which enables the market to monitor evidence acquisition, this signaling mechanism

is impossible. Similarly, in the absence of mandatory disclosure of evidence, �rms with

high impacts can imitate �rms with low impacts by putting extensive e¤ort without the

risk of being exposed, making full separation of high- and low-impact �rms impossible in

equilibrium.

We further consider an extension in which the �rm can credibly reveal its e¤ort to the

market. In this case, information regarding e¤ort, like evidence, is hard. We show that

even in this case, our main results hold, albeit in a weaker sense, i.e., the original optimal

policy is still optimal, but not uniquely so.

To the best of our knowledge, this paper is the �rst to compare supply chains with low
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and high visibility and examine the policy implications on disclosure mandates as well as

to consider disclosure mandate on two dimensions, i.e., the e¤ort to acquire evidence and

the decision to disclose acquired evidence. We demonstrate that the di¤erence in visibility

is crucial in determining the optimal intervention.

2 Literature review

Our paper belongs to the literature on quality disclosure and certi�cation. An overview

of the theoretical literature is given by Milgrom (2008) while Dranove and Jin (2010)

review the empirical literature. Early seminal works of this literature include Grossman

(1981) and Milgrom (1981), who study the implications of voluntary disclosure of veri�able

information in markets and show that information is fully disclosed in equilibrium. Dye

(1985) and Jung and Kwon (1988) show that uncertainty about the sender�s information

endowment precludes full disclosure.7 In these models, mandating disclosure can only

increase market information.

Several papers show that this conclusion no longer holds when the sender�s informa-

tion is endogenized and regulations may back�re. This is because even though disclosure

requirement increases information revelation, it discourages the sender from acquiring it

(Matthews and Postlewaite 1985; Polinsky and Shavell 2012; Shavell 1994). Weksler and

Zik (2023) generalize this result to privately informed �rms. In the context of supply

chain management, Kalanci and Plambeck (2020) consider how disclosure mandates a¤ect

a manager�s decision to learn about the supplier�s impacts and his e¤ort to reduce them,

and show that disclosure mandates might result in higher expected impacts. Kalanci et al.

(2016) provide support for this thesis using consumer choice experiments.

Similarly, Milgrom (2008), Henry (2009), Felgenhauer and Loerke (2017), Wong and

Yang (2018) and Herresthal (2022) show that disclosure of e¤ort to acquire evidence can

likewise undermine the sender�s incentives to acquire information and hurt the receiver. In

the context of supply chain management, Cho et al. (2019) consider a mandate for the

7Not all the papers we cite in this section apply the disclosure model in a supply chain context. Therefore,
we sometimes also use the term �sender� more generally to refer to the �rm and �receiver� to refer to the
market.
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downstream �rm to disclose its policy regarding auditing for child labor and show that this

can back�re by enabling the downstream �rm to choose not to audit and thus allowing

the upstream �rm to employ child labor. In these papers, the sender is uninformed. Our

analysis suggests that the optimal regulation under private information could be drastically

di¤erent.

Che and Kartik (2009), Kartik, Lee and Suen (2017), DeMarzo, Kremer and Skrzy-

pacz (2018) and Wong and Yang (2021) also study models of voluntary disclosure with

endogenous evidence acquisition but have di¤erent focuses. Che and Kartik (2009) show

that di¤erence between the decision maker�s belief and the expert�s belief can incentivize

the expert to acquire information. Kartik, Lee and Suen (2017) study how the presence of

multiple senders a¤ects information acquisition in the disclosure model. Wong and Yang

(2021) consider a dynamic version of their model. DeMarzo, Kremer and Skrzypacz (2018)

study a model in which the seller can choose from a set of tests and show that the simple

pass/fail tests are likely to dominate the market.

Our paper is also related to the literature on certi�cation initiated by Lizzeri (1999).

Two papers have pointed out that sellers� certi�cation decisions itself can signal private

information. Marinovic and Sridhar (2015) show that if a seller makes the certi�cation de-

cision before observing the certi�er�s assessment, favorable disclosures are more informative

than unfavorable disclosures as they signal the seller�s positive private information. Stahl

and Strausz (2017) show that, because of the possibility of signaling through certi�cation

decision, seller-induced certi�cation leads to more market transparency than buyer-induced

certi�cation. In the high visibility environment of our model, the �rm�s decision to exert

e¤ort can signal information in a similar way. However, our focus is on how disclosure man-

date of evidence can help enable such a signaling mechanism, which has not been pointed

out in the literature before.

The rest of the paper is organized as follows. Section 3 introduces the model. Section

4 studies the low visibility case while Section 5 studies the high visibility case. Section 6

considers an extension of the model in which the �rm can credibly reveal its e¤ort to the

market. Section 7 concludes. The appendix contains omitted proofs.
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3 Model

Consider a �rm, whose suppliers� production process causes some social and environ-

mental impacts. The market values �rms with lower impacts, a �rm�s valuation gets higher

when its perceived impacts are lower.

Denote the impact level by �, which is distributed according to some prior distribution

F . We assume that F is strictly increasing and admits a probability density function f on

[0; 1]. We denote the associated random variable by ~�.

The game has two stages. In stage I, the evidence acquisition stage, the �rm can

launch an investigation of its suppliers� production process to obtain evidence about its

impact level. The �rm can choose the scope of the investigation, and a more thorough

investigation costs more. Denote the cost of investigation by c 2 R+. When the �rm spends

c in investigation, it obtains evidence with probability p (c). The function p(c) is twice-

continuously di¤erentiable and for all c 2 R+, p
0(c) > 0, p00(c) < 0. Moreover, p(0) = 0 and

p(c) satis�es the Inada conditions, i.e., limc!0 p
0(c) =1 and limc!1 p

0(c) = 0.8 Therefore,

no evidence is obtained when c = 0, and it is in�nitely costly to obtain the evidence for

certain.

In stage II, the evidence disclosure stage, the �rm chooses whether to disclose obtained

evidence in case the investigation is successful and disclosure is not mandatory (see later for

details). If evidence is disclosed, the evidence constitutes a conclusive proof of the realized

value of ~�. Given the disclosure or the lack of disclosure, the �rm�s valuation is determined

by the market, and the valuation is an exogenous value v > 1 minus the expected value

of � given all the information available. The �rm�s objective is to maximize its expected

market value net of investigation costs. If disclosure is mandatory, the �rm must disclose

evidence it possesses.

Firm�s information. We consider two information environments. In the low visibility

environment, the �rm is uninformed about the impact level � at the outset of game. In

the high visibility environment, the �rm knows the impact level �. The di¤erence in prior

8Notice that the second Inada condition is implied by monotonicity, concavity and boundedness.
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knowledge of the impact � implies that the �rm�s strategy in the evidence acquisition stage

is di¤erent in the two environments. When the �rm is uninformed, the �rm�s evidence

acquisition strategy is a distribution over e¤ort levels. When the �rm is informed, the

�rm�s evidence acquisition strategy is a mapping from the impact levels to distributions

over e¤ort levels.

Policy regimes. There are two dimensions of information disclosure on which a policy-

maker can intervene. One dimension of information disclosure is disclosure of the evidence

acquisition e¤ort. The other dimension of information disclosure is disclosure of the ac-

quired evidence. The policymaker can decide whether the market observes the �rm�s e¤ort

(overt investigation) or not (covert investigation). The policymaker can also decide whether

disclosure of evidence is mandatory or voluntary. Therefore, we consider the following four

policy regimes: 1) overt investigation with mandatory disclosure, 2) overt investigation

with voluntary disclosure, 3) covert investigation with mandatory disclosure, and 4) covert

investigation with voluntary disclosure. We assume that the objective of the policymaker is

to maximize the amount of information revealed to the market in equilibrium.9 If a policy

regime admits multiple equilibria, we measure market information by the most informative

equilibrium. Our main results do not depend on the particular informativeness criterion

used to measure market information. They hold as long as the informativeness criterion is

an extension of Blackwell�s order.10

4 Uninformed �rm: low supply chain visibility

In this section, we provide the equilibrium characterizations in the low visibility envi-

ronment, where the �rm is not informed about its impact level before evidence acquisition,

9We focus on the amount of information revealed to the market because information could have an
intrinsic value to the consumers (see Section 2.1 of DeMarzo, Kremer and Skrzypacz (2018), for example,
for an alternative way to interpret our model so that better information improves the allocation of a good to
the consumers) and it facilitates the society to monitor the �rms and to put more pressure on the �rms to
reduce impacts (Doshi et al., 2013). Of course, market information is just a proxy of the actual improvement
in welfare. The exact mechanism behind this is beyond the scope of the current paper.
10One such informativenss criterion that is commonly used in the literature is the expected precision of

the market belief, which measures how much the posterior mean of the market belief deviates from the truth.
For a given equilibrium, if the unconditional distribution of the equilibrium posterior market belief ~� is given
by G, market information under the expected precision criterion is de�ned as I = �EG[E~�(E~�[~�]� ~�)

2].
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and compare market information across the four policy regimes.

First, we show that when investigation is overt, the �rm �nds it optimal not to obtain

evidence, regardless of the evidence disclosure mandate.

Lemma 1 Suppose the �rm is uninformed. If investigation is overt, then the �rm does

not attempt to acquire evidence in equilibrium, i.e., c� = 0.

Proof. By the law of iterated expectations, in any equilibrium, the ex ante expected value

of the market valuation must be v � E[~�]. Since investigation e¤ort is observed by the

market, if the �rm chooses not to acquire evidence, the market expects no evidence from

the �rm and the �rm�s market valuation remains at v � E[~�]. This means that the �rm�s

payo¤ is maximized by choosing c = 0 and any other choice of e¤ort gives the �rm a strictly

lower payo¤.

The intuition behind Lemma 1 is that by conducting an investigation, the �rm may

�nd good news or bad news. Good news leads to higher valuation while bad news leads

to lower valuation. On average, these e¤ects cancel out. The �rm thus is better o¤ not to

acquire evidence.11

Next, we show that when investigation is covert and evidence disclosure is mandatory,

the �rm likewise would not exert any e¤ort to obtain evidence.

Lemma 2 Suppose the �rm is uninformed. If investigation is covert and evidence disclo-

sure is mandatory, then the �rm does not attempt to acquire evidence in equilibrium, i.e.,

c� = 0.

Proof. Suppose to the contrary that there exists an equilibrium in which the �rm exerts

positive e¤ort with positive probability. Then with positive probability the �rm obtains

evidence and has to disclose it. Since the probability of obtaining evidence is independent

of the state, the expected impact level in this case must be E[~�]. With complementary

probability, the �rm gets no evidence. Independence implies that in this case the market

belief remains at E[~�]. Therefore, the �rm�s expected payo¤ is thus v � E[~�] � c. On the

11A similar argument has been used by Kamenica and Gentzkow (2011) to show that a sender cannot
bene�t from persuasion when his payo¤ is a concave function of the expected state.
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other hand, deviating to c = 0 results in a payo¤ of v � E[~�]. Thus, the �rm is strictly

better o¤ exerting no e¤ort.

Similar to Lemma 1, Lemma 2 shows that the �rm cannot improve its expected payo¤

by exerting e¤ort and, as a result, is better o¤ exerting no e¤ort. However, it should

be noted that while these two lemmas appear to be similar, they rely on very di¤erent

arguments. The proof of Lemma 1 uses only the law of iterated expectations to show that

the �rm cannot bene�t from acquiring evidence. Therefore, it holds regardless of the joint

distribution of the state and evidence given e¤ort level. Lemma 2, on the other hand, relies

on the fact that the probability of obtaining evidence is independent of the impact level. If,

for example, the �rm can direct the investigation to good evidence so that the probability

of obtaining evidence is positively correlated with the impact level, then the market would

revise its belief about the �rm�s impact level upward upon seeing no disclosure. As a result,

the �rm has incentive to exert a positive amount of e¤ort. In the next lemma, we show

that the possibility of withholding bad evidence in e¤ect creates such a positive correlation

between the state and disclosure endogenously.

Lemma 3 Suppose the �rm is uninformed. If investigation is covert and evidence dis-

closure is voluntary, then the �rm exerts a positive amount of e¤ort in equilibrium, i.e.,

c� > 0.

The intuition behind this result is straightforward. When investigation is covert and

disclosure is voluntary, acquiring evidence has an option value to the �rm, that is, the �rm

can reveal evidence when it is favorable and withhold it when it is not. As a result, the �rm

exerts non-zero e¤ort in equilibrium. Notice, however, that the same reasoning does not

apply when investigation is overt. This is because in that case the market would adjusts its

expectation according to the �rm�s e¤ort level. When a �rm exerts more e¤ort, the market

deems that the �rm is more likely to have obtained evidence and the lack of disclosure

is punished more severely. This cancels out any potential gain from obtaining favorable

evidence and destroys the option value of evidence, resulting in zero evidence acquisition as

shown in Lemma 1. Notice also that Lemma 3 does not rule out the possibility of multiple
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equilibria. However, it does assert that in any equilibrium, the �rm does not randomize

over e¤ort levels.

It is clear from Lemmas 1�3 that the policy regime with covert investigation and volun-

tary evidence disclosure leads to strictly more market information than any other regimes.

Proposition 1 Suppose the �rm is uninformed. The policy regime with covert investiga-

tion and voluntary evidence disclosure uniquely maximizes market information.

Table 1 summarizes the equilibrium e¤ort levels across the four regimes.

Mandatory evidence disclosure Voluntary evidence disclosure

Overt investigation 0 0

Covert investigation 0 c� > 0

Table 1: Equilibrium e¤ort in the low visibility case

5 Informed �rm: high supply chain visibility

In this section, we compare market information across the four policy regimes in the

high visibility environment, where the �rm is perfectly informed about its impact level

before evidence acquisition. When investigation is overt, we establish that there exists

an equilibrium in which the market knows the impact level if and only if disclosure is

mandatory. Then we discuss the case when investigation is covert.

When the �rm is informed and investigation is overt, the market can make inference

about the �rm�s private information from the observed e¤ort level. In a pure strategy

equilibrium, denote the �rm�s equilibrium e¤ort level as a function of its impact level � by

c� (�). When c� (�) is one-to-one, the market can infer the �rm�s impact level perfectly.

Such an equilibrium is called a fully separating equilibrium in the signaling literature.12

12Notice that it is without loss of generality for us to assume here that a fully separating equilibrium
must also be a pure strategy equilibrium. This is because, if the market infers perfectly that the �rm has a
particular impact level after observing two di¤erent e¤ort levels, then the �rm would strictly prefer to choose
the lower e¤ort level, which implies that a fully separating equilibrium in mixed strategies is impossible.
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De�nition 1 Suppose the �rm is perfectly informed and investigation is overt. A pure

strategy equilibrium is fully separating if and only if the �rm�s equilibrium e¤ort level c� (�)

is a one-to-one function of its impact level �.

Clearly, market information reaches its maximum level in a fully separating equilibrium.

We de�ne

De�nition 2 Given an equilibrium, we say that market information is maximal if and

only if the market is perfectly informed of the �rm�s impact level in equilibrium, otherwise,

market information is submaximal.

Moreover, the second Inada condition on the function p(c) implies that the �rm will

never obtain evidence with probability 1. This means that only in a fully separating

equilibrium market information is maximal.

It is well known in the signaling literature that the existence of a fully separating

equilibrium depends on the Spence-Mirrlees single-crossing condition.13 Let U (�; #; c) be

the payo¤ of the �rm when the impact level is �, the market�s belief of its impact level in the

absence of evidence is # and the �rm incurs cost c. The single-crossing condition is satis�ed

if U3 (�; #; c) =U2 (�; #; c) is strictly increasing in �, which implies that indi¤erence curves

of �rms with di¤erent impact levels cross only once. Intuitively, U3 (�; #; c) is the marginal

cost of raising the probability of obtaining evidence and U2 (�; #; c) is the marginal cost of

raising market�s belief of its impact level. When the single-crossing condition is satis�ed,

the marginal rate of substitution of the two is strictly increasing in the �rm�s impact level

�. Thus, given any (#; c), a �rm with a lower impact level is more willing to exert e¤ort

than a �rm with a higher impact level. As a result, low-impact �rms are able to separate

themselves from high-impact �rms in equilibrium.

When disclosure is mandatory, the market�s belief of the impact level is � when evidence

is obtained and # otherwise. Thus,

U (�; #; c) = v � p (c) � � (1� p (c))#� c:

13Mailath (1987) and Mailath and von Thadden (2013) show the existence of a unique separating equi-
librium for a broad class of signaling models when the Spence-Mirrlees single-crossing condition is satis�ed.
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Moreover,

U3 (�; #; c)

U2 (�; #; c)
=
p0 (c) (� � #) + 1

1� p(c)
;

which is strictly increasing in �. The single-crossing condition is satis�ed. Thus, we have

Lemma 4 Suppose the �rm is perfectly informed. If investigation is overt and evidence

disclosure is mandatory, then there exists a fully separating equilibrium.

The single-crossing condition breaks down when evidence disclosure is voluntary. Since

a �rm with � > # is better o¤ withholding the evidence, the function U (�; #; c) becomes

U (�; #; c) =

8
><

>:

v � #� c if � � #;

v � p (c) � � (1� p (c))#� c if � < #:

Notice that, for � � #, the �rm�s payo¤ U (�; #; c) does not depend on �. As a result, the

indi¤erence curves of high- and low-impact �rms overlap with each other in this region.

This means that the single-crossing condition is violated.14 Since a high-impact �rm can

pretend to be a low-impact �rm at no additional cost, low-impact �rms cannot separate

themselves fully from high-impact �rms. This leads to our next result.

Lemma 5 Suppose the �rm is perfectly informed. If investigation is overt and evidence

disclosure is voluntary, then a fully separating equilibrium does not exist.

Proof. Suppose to the contrary that a fully separating equilibrium exists. Let c� (�) denote

the �rm�s equilibrium e¤ort level given impact level �. Since a �rm with impact level � can

pretend to be a �rm with impact level �0 by exerting e¤ort c�(�0) and hiding the obtained

evidence, we must have

v � � � c�(�) � v � �0 � c�(�0); (1)

14Since U (�; #; c) is not di¤erentiable when � = #, it automatically fails the Spence-Mirrlees single-
crossing condition formulated earlier in the text, which presumes di¤erentiability. However, our discussion
here further shows that it also fails a weaker version of the single-crossing condition that does not require
di¤erentiability (Edlin and Shannon 1998).
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for all �; �0 2 [0; 1]. On the other hand, a �rm with impact level �0 also has the option to

exert e¤ort c�(�) and disclose its true type if it �nds evidence. Therefore, for all �; �0 2 [0; 1],

v � �0 � c�(�0) � v � p (c� (�)) �0 � (1� p (c� (�)))� � c�(�): (2)

Combining (1) and (2), we have, for all �; �0 2 [0; 1],

p (c� (�))
�
�0 � �

�
� 0

which dictates that p (c� (�)) = 0 for all � 2 [0; 1], contradicting the assumed existence of a

fully separating equilibrium.

Next, we move to the two policy regimes with covert investigation.

Lemma 6 Suppose the �rm is perfectly informed. When investigation is covert, mandatory

and voluntary disclosure of evidence lead to an identical level of market information that

is submaximal.15

Lemma 6 shows that when investigation is covert, the evidence disclosure policy has

no e¤ect on how much information is revealed to the market. The reason is fairly simple.

Since the �rm is perfectly informed about its impact level �, it perfectly foresees whether

evidence will be useful in the disclosure stage. Therefore, if the �rm is willing to acquire

evidence, it must be willing to reveal it. This means that disclosure mandate has no bite

and the set of equilibrium outcomes is the same under both disclosure policies, which in

turn implies that market information under the two policy regimes is the same.

Combining the results in Lemmas 4�6, we have

Proposition 2 Suppose the �rm is perfectly informed. The policy regime with overt in-

vestigation and mandatory evidence disclosure uniquely maximizes market information.

Table 2 summarizes the main results of this section.

15Recall that when there are multiple equilibria, we measure market information by the most informative
equilibrium.
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Mandatory evidence disclosure Voluntary evidence disclosure

Overt investigation Maximal market information Submaximal market information

Covert investigation Same submaximal market information

Table 2: Market information in the high visibility case

6 Veri�able disclosure of e¤ort

In this section, we extend our baseline model to allow the �rm to reveal its choice of

e¤ort to the market when investigation is covert. We show that this changes the equilibria

of our model in a signi�cant way. Nevertheless, we show that even in this case, our main

results hold, but only in a weak sense, namely, the information-maximizing policy regime

in the baseline model continues to maximize market information under the alternative

assumption, albeit no longer uniquely so. In both the low and high visibility scenarios,

there is at least one other policy regime that results in the same level of market information.

Formally, when investigation is covert, we introduce an e¤ort disclosure stage after the

decision to acquire evidence and before the �rm obtains evidence. In this stage, the �rm

can choose whether to reveal its previous choice of e¤ort to the market or not. One way

to interpret this is that after exerting e¤ort, the �rm obtain a piece of evidence that can

serve as proof of its e¤ort and chooses whether to disclose it to the market or not.

We �rst consider the low visibility case when the �rm is uninformed. We show that

in this case the ability to credibly reveal e¤ort e¤ectively makes e¤ort observable to the

market.

Lemma 7 Suppose the �rm is uninformed and investigation is covert, but the �rm can

credibly reveal its e¤ort to the market. Then the �rm exerts no e¤ort in equilibrium,

regardless of the evidence disclosure mandate.

Proof. The logic behind this result is similar to Lemma 1, which assumes that investigation

is overt. By the law of iterated expectations, in any equilibrium, the ex ante expected value
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of the market valuation must be v � E[~�]. If the �rm can credibly reveal its e¤ort, it can

achieve its maximum payo¤ simply by exerting no e¤ort and then revealing it. Therefore,

in any equilibrium, the �rm must not exert any e¤ort.

Combining Lemmas 1 and 7, we conclude that in this case, all policy regimes lead to

no evidence acquisition. This is summarized in Table 3.

Mandatory evidence disclosure Voluntary evidence disclosure

Overt investigation 0 0

Covert investigation 0 0

Table 3: Equilibrium e¤ort in the low visibility case with veri�able disclosure of e¤ort

From Table 3, it is clear that:

Proposition 3 Suppose the �rm is uninformed and the �rm can credibly reveal its e¤ort

to the market when investigation is covert. The policy regime with covert investigation and

voluntary evidence disclosure maximizes market information.

Comparing Propositions 1 and 3, we see that covert investigation and voluntary evidence

disclosure no longer constitute the unique policy that maximizes market information. In

fact, in this case, the policy regime is irrelevant for market information.

Next, we move to the high visibility case when the �rm is perfectly informed. We are

interested in whether the maximal market information can be achieved when investigation is

covert. Our next lemma shows that this is possible when evidence disclosure is mandatory.

Lemma 8 Suppose the �rm is perfectly informed and investigation is covert, but the �rm

can credibly reveal its e¤ort to the market. There exists an equilibrium in which market

information is maximal if and only if evidence disclosure is mandatory.

Proof. In order to have maximal market information, the �rm must choose a di¤erent

e¤ort level for each impact level and then reveal it to the market. By Lemma 5, this

cannot be a part of the equilibrium when evidence disclosure is voluntary. When evidence
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disclosure is mandatory, the market can punish hidden e¤ort through the most pessimistic

belief about the impact level. This means that the �rm would always �nd it optimal to

reveal its e¤ort. We then use the construction in Lemma 4 to construct an equilibrium in

which market information is maximal.

Table 4 summarizes the results in the high visibility case with veri�able disclosure of

e¤ort.

Mandatory evidence disclosure Voluntary evidence disclosure

Overt investigation Maximal market information Submaximal market information

Covert investigation Submaximal market information

Table 4: Market information in the high visibility case with veri�able disclosure of e¤ort

From Table 4, it is clear that:

Proposition 4 Suppose the �rm is perfectly informed and the �rm can credibly reveal its

e¤ort to the market when investigation is covert. The policy regime with overt investigation

and mandatory evidence disclosure maximizes market information.

Taken together, Propositions 1�4 show that, regardless whether the �rm is able to

credibly disclose its e¤ort level, the policy regime with covert investigation and voluntary

evidence disclosure is optimal in the low visibility case, and the policy regime with overt

investigation and mandatory evidence disclosure is optimal in the high visibility case. This

shows the robustness of the optimal policies with respect to the nature of information

regarding e¤ort.

7 Conclusion

In this paper, we study a model of evidence acquisition and disclosure in a supply

chain setting. We �nd that the optimal disclosure mandate depends crucially on supply

chain visibility prior to evidence acquisition. When visibility is low, it is optimal to impose
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no disclosure requirements to incentivize evidence acquisition, while stringent disclosure

mandates help to facilitate information transmission when visibility is high. Our results

provide a rationale for varying regulatory approaches in markets with di¤erent levels of

supply chain visibility. Additionally, it sheds light on the growing demand for supply chain

transparency as visibility improves in recent years.
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Appendix

Proof of Lemma 3. Suppose that the equilibrium distribution over e¤ort is ��. Let p�

be the expected probability that the �rm obtains evidence, i.e., p� =
R1
0 p(c)d��(c), and

�� be the threshold de�ned by

�� =
1� p�

1� p� + p (1� F (��))
E[~�] +

p� (1� F (��))

1� p+ p� (1� F (��))
E[~�j� > ��], (3)
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which is the market�s expectation of the impact level of a �rm that does not disclose in

equilibrium. By the intermediate value theorem, �� satisfying (3) exists.

In equilibrium, the �rm discloses the acquired evidence if and only if the payo¤ of

disclosure is greater than that of no disclosure. i.e., � � ��, and the expected increase in

the �rm�s payo¤ in this case is �� � E[~�j~� � ��]. Therefore, the necessary condition for c�

to be in the support of �� is

p0(c�)F (��)
�
�� � E[~�j~� � ��]

�
� 1 = 0: (4)

The su¢cient condition is

p00(c�)F (��)
�
�� � E[~�j~� � ��]

�
< 0;

which holds since �� � E[~�] > 0, so F (��) > 0 and �� > E[~�j~� � ��] and p00(c) < 0 by

assumption. Note that (4) implies that the support of �� is a singleton. Since limc!0 p
0(c)!

1, c� = 0 violates (4), and therefore cannot be the equilibrium choice of e¤ort. Hence,

if an equilibrium exists, it must feature a strictly positive amount of e¤ort. To see that

an equilibrium exists, note that, as c� ! 0, the left-hand side of (4) tends to in�nity. As

c� ! 1, the left-hand side of (4) tends to 0. By the intermediate value theorem, there

exists a c� that satis�es (4).

Proof of Lemma 4. Suppose a fully separating equilibrium exists, and let V (�) be the

equilibrium payo¤ of a �rm with impact level � in such an equilibrium and c(�) be the

corresponding equilibrium choice of e¤ort. Then, incentive compatibility implies

V (�) = max
�02[0;1]

fv � p
�
c(�0)

�
� �

�
1� p

�
c(�0)

��
�0 � c(�0)g: (5)

Taking the derivative of (5), we �nd that a fully separating equilibrium must satisfy the

di¤erential equation

c0(�) = � (1� p(c)) ; (6)
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with the initial condition c(1) = 0, if c(�) is di¤erentiable. Since p(c) is continuous, by

Peano�s theorem (see Teschl (2012), Theorem 2.19), a solution to (6) exists.

We next establish that the solution is indeed an equilibrium by verifying that the �rm

has no pro�table global deviations. By the envelope theorem, we have,

V (�) = V (0)�

Z �

0
p (c(z)) dz: (7)

The condition for no pro�table global deviations is

v � p (c(�)) � � (1� p (c(�))) � � c(�) � v � p
�
c(�0)

�
� �

�
1� p

�
c(�0)

��
�0 � c(�0);

which, using (7), can be restated as

�

Z �

�0
p (c(z)) dz � �p

�
c(�0)

� �
� � �0

�
;

which is satis�ed, as c(�) is decreasing by (6).

Proof of Lemma 6. Suppose evidence disclosure is voluntary. Let �� denote the market�s

expected impact level conditional on no disclosure in equilibrium. In the disclosure stage,

the �rm�s optimal choice is to disclose if and only if � � ��. Therefore, if the �rm�s impact

level is higher than ��, it is never optimal to exert any e¤ort in the evidence acquisition

stage. Since the �rm only acquires evidence if � � ��, it always discloses the evidence in

equilibrium. As a result, the disclosure mandate has no impact on the �rm�s behavior.

This means that the equilibrium e¤ort and thus the amount of information revealed must

be identical under the two regimes.
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