Endogenous Costs, Market Competition, and Disclosure

Abstract

Firms must often decide whether or not to disclose private information regarding their costs to
other market participants. While extant literature has explored firms’ incentives to disclose exoge-
nous and uncertain costs, little is known about when firms should disclose their endogenous costs.
This paper studies the cost-disclosure strategies of competing firms whose inputs are sourced
from and endogenously priced by upstream suppliers. We find, first, that cost disclosure affects
not only market competition but also the motivations of suppliers in setting their input prices; as
such, firms can make their disclosure decisions strategically to optimize their procurement costs.
Second, we find that firms” disclosure decisions vary depending on both the nature of the com-
petition and the market structure at hand. That is, when competing firms source from the same
supplier or compete on price, they never disclose their costs but, when they source from differ-
ent suppliers and compete on quantity, they always disclose. Third, we find that compared to
voluntary disclosure, mandatory disclosure and nondisclosure both lead to higher market prices,
injuring consumer surplus and social welfare. This finding serves as a warning to policymakers
that regulations designed to increase/decrease market transparency may have unintended nega-
tive consequences. Together, our results underscore the distinct role that endogenous costs play
in firms” disclosure decisions.
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1 Introduction

Firms often possess private information regarding their costs, which may be affected by several
factors, including the firm’s stochastic production technology, legal and compliance issues, taxa-
tion, and the input costs charged by suppliers. None of this information can be easily assessed by
other market participants. Instead, firms decide whether to disclose such private information to
external firms and consumers.

In practice, firms” disclosure decisions often vary. Publicly listed companies regularly disclose
their costs through official announcements or financial statements (Darrough, 1993) and dissem-
inate their cost information through trade associations (Gal-Or, 1986; Shapiro, 1986; Vives, 1990).
Many firms also employ modern technologies, such as a blockchain, to effectively communicate
their cost information to the public (Jiang et al., 2021).

Certain firms, however, make cost transparency a corporate principle. For instance, the US ap-
parel firm Everlane has built its company upon the premise of “radical transparency” (Testa et al.,
2020), publishing the cost breakdown of all its products on its website. Swedish apparel manufac-
turer Asket!, US footwear brand Oliver Cabell?, Singapore homeware manufacturer [IUIGA®, and
social media management software Buffer all commit to similar breakdowns of cost via various
platforms. Of course, just as many, if not more, firms choose to remain silent regarding their cost
information (Mohan et al., 2020). These dichotomies then raise the question of why some firms
are willing to disclose their cost information while others are not.

To shed light on varying cost disclosure practices, the literature has extensively investigated
firms” incentives to disclose their cost information in an oligopoly (Gal-Or, 1986; Shapiro, 1986).
The generally accepted conclusion is that firms should disclose (conceal) their cost information
under quantity (price) competition, in which cost disclosure reduces (intensifies) market compe-
tition. The intuition is as follows: Under quantity (price) competition, when the cost disclosed by
a firm is low, the firm’s rival will decrease its output (price); however, when the cost disclosed
by the focal firm is high, the rival will increase its output (price). While the former effect benefits

(hurts) the focal firm, the latter effect hurts (benefits) it. Overall, the gain (loss) from the former

Ihttps://www.asket.com/us/transparency/impact
Zhttps://olivercabell.com

Shttps://www.iuiga.com
“https://buffer.com/resources/transparent-pricing-buffer/


https://www.asket.com/us/transparency/impact
https://olivercabell.com
https://www.iuiga.com
https://buffer.com/resources/transparent-pricing-buffer/

effect is more consequential since it offsets the loss (gain) incurred from the latter effect. Therefore,
a firm should disclose (conceal) its cost information under quantity (price) competition.

Although these findings are insightful, they do not shed light on firms” disclosure of their en-
dogenous cost information. That is, extant literature focuses exclusively on cases in which firms’
costs are exogenous and uncertain (e.g., determined by stochastic production technologies) (Gal-
Or, 1986). While exogenous costs are common, there are also situations in which firms’ costs
are endogenously determined. For instance, manufacturers often rely on upstream suppliers to
provide essential inputs and, thus, their prices are likely to be determined by the suppliers them-
selves.

Still, it remains unclear what strategies firms should apply when making disclosure decisions
regarding their endogenous costs. To fill this gap in research and business practice, we study
the incentives that firms have when considering the disclosure of information regarding their
endogenous costs.

Following Gal-Or (1986) and Shapiro (1986), we consider a duopoly model in which two man-
ufacturers produce differentiated products and compete either on quantity or on price. However,
we depart from the literature by assuming that the manufacturers source their inputs from their
respective suppliers who decide the input prices. Then, the manufacturers choose whether to
disclose their procurement costs (i.e., the input prices) to the market.

We investigate two market structures, with the manufacturers sourcing their inputs from either
different suppliers or a common supplier. Both conditions represent common business practices.
For instance, Boeing and Airbus produce competing aircraft models and procure engines from
different suppliers; meanwhile, tech giants Qualcomm and Broadcom both source chips from the
same supplier. To eliminate the conventional reasoning for cost disclosure, we assume that the
manufacturers incur no costs other than those of procurement and that there is no cost uncertainty.

A number of noteworthy inferences can be drawn from this model. First, we find that the
focal manufacturer’s disclosure decision affects its rival’s quantity or price decision, which, in
turn, affects the focal manufacturer’s demand and, hence, its procurement from its supplier. Ac-
cordingly, the supplier must take its downstream manufacturer’s disclosure decision into account
when determining its input price.

Consider the case in which the manufacturers source from independent suppliers and com-



pete on quantity. When the focal manufacturer discloses its costs and reveals an increase in its
input price, the rival manufacturer increases its output, forcing the focal manufacturer to cut its
production and decrease its output, injuring its upstream supplier. This strategic effect, however,
vanishes when the focal manufacturer withholds its cost information. Comparing the two sce-
narios, we find that the supplier is less willing to charge a high input price when its downstream
manufacturer chooses to disclose its cost information. This chain of reasoning suggests that a
manufacturer can influence the price of its input through strategic cost-disclosure decisions. This
effect exists even in the absence of cost uncertainty and, to the best of our knowledge, has not been
studied prior.

Second, we investigate the manufacturers’ equilibrium cost-disclosure decisions. Our results
suggest that, when the manufacturers compete on price or source from a common supplier, both
conceal their cost information to secure low procurement costs from their supplier(s). Conversely,
when the manufacturers source from independent suppliers and compete on quantity, they both
disclose their cost information, which is a unique equilibrium outcome. By making these cost-
disclosure decisions, the manufacturers can convince their upstream suppliers to charge lower
input prices, thereby widening their profit margins.

These findings contribute to the literature by suggesting that a manufacturer’s cost-disclosure
decision should depend not only on the nature of the competition (i.e., quantity vs. price) but also
on the nature of the costs to be disclosed (i.e., exogenous vs. endogenous) and the market struc-
ture (i.e., common supplier vs. independent suppliers). In general, a manufacturer may wish to
disclose certain costs while withholding other costs. For instance, under quantity competition, a
manufacturer may wish to disclose its exogenous production costs while withholding its endoge-
nous procurement costs when sharing a supplier with its rivals.

Finally, we analyze the economic consequences of mandatory disclosure and nondisclosure.
Antitrust authorities are often concerned about the effect that information sharing or withholding
has on consumer welfare. Established wisdom suggests that information transmission has both
its upside and downside, which public policymakers may wish to better control through mandat-
ing the disclosure or concealment of cost information. Our analysis indicates that, compared to
voluntary disclosure, both mandatory disclosure and nondisclosure always lead to higher retail

prices, injuring consumer surplus and social welfare. As such, public policymakers should leave



the firms to make their disclosure decisions independently.

In sum, our findings suggest that, although endogenous costs are ubiquitous and must be
factored into any general picture of business processes, conventional wisdom regarding disclosure
of such costs should be applied with caution, given that it affects not only market competition but
also how suppliers set their input prices. It is not a priori clear whether these effects alter firms’

disclosure incentives.

2 Literature Review

While cost disclosure is not practiced uniformly, the importance of studying its implications is well
recognized. Mohan et al. (2020), for instance, show that cost disclosure fosters trust and increases
consumers’ willingness to purchase from the cost-disclosing firm. Cost disclosure particularly
affects firms” marketing strategies when consumers care about price fairness and/or when firms
are under market competition. For instance, Bearden et al. (2003) analyze the effects of cost trans-
parency on consumers’ perceptions of price fairness and show that consumers perceive prices to
be fairer when firms’ costs are higher. To investigate a firm’s optimal pricing and cost-disclosure
strategies when consumers are fair-minded, Guo (2015) develops a game-theoretic model through
which he shows that a firm will disclose its cost information when its costs are neither too low nor
too high.

The literature also extensively addresses competing firms’ incentives to share their cost infor-
mation with each other (Vives, 1984; Fried, 1984; Li, 1985; Gal-Or, 1986; Shapiro, 1986; Darrough,
1993). Researchers generally agree that, when firms can pre-commit to a disclosure policy, they
will choose to disclose their costs under quantity competition but not under price competition
due to the ramifications of competition. Li (2002) discusses a retailer’s incentive to disclose its
cost information to its upstream supplier and suggests that information disclosure has a leakage
effect given that a retailer may infer its rival’s cost through a common supplier’s pricing deci-
sion. Studying both the acquisition and disclosure of cost information, Ganuza and Jansen (2013)
find that cost disclosure increases firms’ incentive to acquire information, which can benefit con-
sumers. Meanwhile, Zhu (2002, 2004) shows that cost transparency disincentivizes high-cost firms

to participate in the market, thereby reducing their profits and social welfare. Finally, Jiang et al.



(2021) show that cost transparency has significant effects on the intertemporal pricing behavior
of a durable goods monopolist. We build upon this volume of research by exploring cases in
which firms’ costs are endogenously given. We find that the nature of the costs to be disclosed has
notable implications on firms’ disclosure decisions.

Beyond cost information, firms may disclose other information such as demand, product qual-
ity and fit. Vives (1984) and Gal-Or (1985) investigate the disclosure of demand information in
an oligopoly and find that firms disclose (conceal) their demand information under price (quan-
tity) competition. Gal-Or et al. (2008) investigate the sharing of demand information between an
upstream manufacturer and two downstream retailers and show that this sharing can mitigate
distortions in wholesale prices. Jiang et al. (2016) examine information disclosure in a vertical
relationship in which an upstream firm possesses better demand information than a downstream
firm and find that upstream and downstream firms are misaligned in their preferences regard-
ing disclosure. Probing a supply chain in which the retailer possesses better demand information
and can engage in demand-enhancing activities, Mittendorf et al. (2022) show that permitting a
retailer to withhold its demand information can increase supply chain efficiency. Focusing on
product quality, Guo and Zhao (2009) analyze how competition may influence duopolistic firms’
incentives to voluntarily reveal quality information; they find that firms in competitive markets
reveal less information than firms operating in a monopoly do. Zhang and Li (2021) extend Guo
and Zhao's (2009) work by investigating the role of consumer loss aversion in firms’ disclosure
incentives. Guo (2009) considers quality-disclosure decisions in a vertical relationship and finds
that retail disclosure tends to produce equilibrium information revelation. Finally, with a focus
on product fit, Guo and Iyer (2010) study the acquisition and disclosure of product fit information
in a vertical relationship and show that, when information acquisition is sequential, the upstream
firm may choose not to acquire perfect information even if it is costless to do so. Sun and Tyagi
(2020) investigate firms’ incentives to disclose product fit information to consumers and suggest
that the disclosure decision hinges on the degree of retail competition.

More broadly, our present study contributes to the large body of research on the effects of
information (non-)transparency on firms’ marketing decisions. Hart and Tirole (1990), O’Brien
and Shaffer (1992) and McAfee and Schwartz (1994) have all shown that, when a retailer cannot

observe the contract terms between a manufacturer and a rival retailer, the manufacturer is in-



centivized to opportunistically renegotiate another retailer’s contract to increase bilateral profits
at the rival retailer’s expense. Bringing consumers into the equation, Janssen and Shelegia (2015)
find that consumers’ lack of information regarding the prices that manufacturers charge to retail-
ers causes equilibrium prices to become inefficiently high, thus worsening the problem of double
marginalization and consequently lowering manufacturers’ profits. Li et al. (2020) analyze the ef-
fects of a firm’s transparency on its data collection behavior and find that increased data collection
transparency can benefit the firm but actually harm consumers. Allender et al. (2021) consider the
effect of price non-transparency on a firm’s personalized pricing decision and show that price non-
transparency effectively reduces peer-induced fairness concerns and increases the firm’s pricing
power. Investigating a firm selling a network good to consumers, Hajihashemi et al. (2022) find
that, when prices are non-transparent, the ability to offer personalized prices to consumers does
not necessarily constitute an advantage to the firm. Finally, Guo (2021) examines the economic
impact of blockchain-enabled transparency on equilibrium wholesale and resale prices and shows
that transparency can influence the externality between negotiations of transfer prices in a supply

chain.

3 Model Setup

Firms. Consider a market in which two manufacturers (i = 1,2) compete against each other.
Each manufacturer sources inputs (e.g., raw materials, components, licenses, equipment, design,
patents and servicing) from an upstream supplier to produce a final product, which it sells to
consumers. We consider two scenarios: (1) the manufacturers source from independent suppliers;
and (2) the manufacturers source from a common supplier. Both scenarios are common in practice.
For example, the aircraft manufacturer Boeing procures GE9X engines from General Electric for its
777X model aircraft, while its competitor, Airbus, procures Trent XWB engines from Rolls-Royce
for its A350, a major rival of the 777X. Similarly, Sony procures graphics processing units (GPUs)
from AMD for its PlayStation game console, while Nintendo uses Nvidia’s GPUs for its Switch
console. Meanwhile, the “fabless” companies Qualcomm and Broadcom both rely on TSMC for
their chips. The smartphone manufacturers Apple, Samsung and Xiaomi all licence the same

processor architecture from ARM Ltd. Let ¢; (i = 1,2) denote manufacturer i’s unit procurement



cost from its upstream supplier.

We normalize to zero the suppliers’ (or the common supplier’s) costs of producing and sup-
plying the inputs. We also normalize to zero the manufacturers” manufacturing and selling costs.
In this case, the manufacturers’ only costs are their procurement costs, which are equal to the in-
put prices ¢; and c;. (We use the terms “procurement cost” and ”“input price” interchangeably
throughout this paper.) Note that incorporating these assumptions eliminates cost uncertainty
from the model, which in turn allows us to rule out the conventional mechanisms of cost disclo-
sure.’

Our model assumes that the suppliers and manufacturers are contracted through wholesale
price contracts. This assumption mimics real-life conditions under which most supply chain con-
tracts are “governed by simple contracts defined only by a per-unit wholesale price” (Lariviere
and Porteus, 2001). While the rationalization of wholesale price contracts is addressed in the lit-
erature (e.g., Cui et al. 2007; Ho and Zhang 2008; Carroll 2015; Li and Liu 2021), it is beyond the
scope of this paper.

Market Competition. We consider two standard types of competition: Quantity and price
competition. Under quantity competition, the two manufacturers simultaneously choose the
amount of output q; and g, to offer to the market. The inverse demand function for manufac-

turer i’s product is

pi=1-qi—0q;, j=3—1

where 0 < 6 < 1 captures the extent of market competition.

Under price competition, the manufacturers simultaneously choose their prices p; and p,, and
order from their upstream suppliers. A manufacturer’s demand is linear in its prices and those of
its rival:

Dizl_Pi+9pj/ j=3—i,

where 0 < 6 < 1, again, captures the extent of market competition (Singh and Vives, 1984; Chen,
2003; Gal-Or et al., 2008). Singh and Vives (1984) detail the microstructure that generates the above

linear demands under price and quantity competition.

5The literature on cost disclosure typically views firms’ costs as exogenous and stochastic (e.g., determined by a
stochastic technology). When costs are exogenous and deterministic, the issue of cost disclosure does not arise.
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Figure 1: Four scenarios

It is worth mentioning that the literature often uses a different structure to model price and
quantity competition, i.e., p; = a — bg; — cq; for quantity competition and D; = a — bp; + cp; for
price competition, where b > ¢ > 0. This structure is equivalent to our model. When considering
quantity competition, we transform the inverse demand function to 22 =1 — g qi— (%) g -q;j. Let
pi = %, gi = g -gi,and 0 = §, we rewrite the inverse demand function as p; = 1 — §; + 04;, which
is equivalent to our model. We can similarly transform the above model when considering price
competition.

As we consider two types of market structure (i.e., independent suppliers vs. a common sup-
plier) and two types of competition (i.e., quantity vs. price), we investigate four scenarios in total.
Our analyses show that both the market structure and the nature of competition have significant
implications for the manufacturers” disclosure policies. Figure 1 illustrates these scenarios.

Cost Disclosure. Contract terms between upstream suppliers and downstream manufacturers
are typically business secrets not directly accessible by rival firms (McAfee and Schwartz, 1994;
Mohan et al., 2020). Nonetheless, manufacturer i can voluntarily disclose its cost information

through, for instance, financial filings or public announcements. Therefore, if manufacturer i



chooses to disclose its cost information, rival manufacturer j can observe c;; otherwise, it cannot
observe c; and must rely on its belief regarding c; when making its price/quantity decisions.

We assume that disclosure is credible, truthful, and costless for the manufacturers. The as-
sumption of costless disclosure allows us to focus on the strategic effect of disclosure itself. In
Section 5.3, however, we consider a scenario in which the manufacturers must incur a fixed cost
when choosing disclosure and show that our results remain unchanged when the disclosure cost
is not too high.

Sequence of Events. The game unfolds in three stages. In the first stage, the two manufac-
turers simultaneously commit to a disclosure policy «; € {D, ND}, where D denotes disclosure
and ND stands for nondisclosure.® In the second stage, the upstream suppliers set (or the com-
mon supplier sets) the input prices c; and c; for their respective manufacturers. If manufacturer i
chooses disclosure (i.e., #; = D), it discloses c; which will be observed by supplier j and manufac-
turer j. Otherwise, if manufacturer i chooses nondisclosure (i.e., #; = ND), neither supplier j nor
manufacturer j can observe c;. In the last stage, if the manufacturers compete on quantity, they set
the amounts of their output g; and g5 to offer to the market. If they compete on price, they set the

prices for products p; and p», and consumers make their purchasing decisions. Figure 2 illustrates

the timing of the model.
Stage 1 Stage 2.1 Stage 2.2 Stage 3
Manufacturers choose Suppliers set Manufacturers disclose Manufacturers set
disclosure policies input prices or withhold costs prices or quantities

Figure 2: Timing of the model

Our model assumes that the manufacturers can pre-commit to a disclosure policy before their
actual costs are set. This ex-ante disclosure assumption is commonly made in the disclosure liter-
ature (Gal-Or, 1985; Shapiro, 1986; Darrough, 1993; Guo, 2009, 2020; Xiong and Yang, 2021) and
can be justified in several ways. For example, the literature on industry organization typically
considers trade associations as ways to implement ex-ante disclosure (Vives, 1984; Gal-Or, 1985):

Firms joining a trade association that collects and publicizes information can commit to a disclo-

®The results are unchanged if the manufacturers sequentially choose their disclosure policies.
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sure strategy before observing their private information. Meanwhile, the accounting literature
suggests that firms” commitment power may be tied to the reputation concerns of their managers
(Lanen and Verrecchia, 1987; Graham et al., 2005) and that disclosure may be coordinated and
enforced by regulatory agencies such as the Financial Accounting Standards Board and the Se-
curities Exchange Commission (Darrough, 1993). Lastly, as noted by Guo (2020), our model’s
timing captures scenarios in which the disclosure decision constitutes a strategic, long-term move
(e.g., designing an information system) and involves significant financial and human resources,
whereas the input price can be flexibly adjusted between the firms. The assumption of ex-ante
disclosure is also consistent with our motivating examples: Everlane commits to disclosing the
costs for all of its products sold online while IUIGA states that it brings ”quality everyday goods
to you at completely transparent prices.”

Solution Concept. When one or both manufacturers choose nondisclosure, the model falls into
a game of imperfect information, and we resort to a perfect Bayesian equilibrium as the solution
concept. Roughly speaking, a perfect Bayesian equilibrium consists of a strategy profile and a
belief system. The belief system must be sequentially rational given the strategy profile, and the

belief system satisfies Bayes’ rule whenever it is applicable.

4 Model Analysis

In this section, we investigate the manufacturers’ disclosure policies under different types of com-

petition and market structures.

4.1 Independent Suppliers and Quantity Competition

We start with the case in which the manufacturers source from independent suppliers and engage
in quantity competition. To solve for the manufacturers” disclosure policies, we first derive the
equilibrium strategies depending on which disclosure policies are chosen. Thus, we consider the
following three subgames: (1) both manufacturers choose disclosure (x; = ay = D); (2) neither
manufacturer chooses disclosure (¢ = a, = ND); and (3) the manufacturers adopt asymmetric
disclosure policies. We analyze these subgames separately and compare the equilibrium outcomes

to derive the manufacturers’ disclosure decisions.
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Both manufacturers disclose (¢; = ay = D)

Consider first the subgame in which both manufacturers choose disclosure. With disclosure, each
manufacturer observes the rival manufacturer’s procurement cost.

Working backward in the game, given their procurement costs ¢; and cp, the manufacturers
choose outputs g1 and g, to maximize their own payoffs, 77; = (p; —¢;)q; = (1 —q; — 09; — ¢;)q;.
Solving the manufacturers” profit maximization problem yields

2—2c1-—9(1—c]-)
1= 407

Now consider the suppliers. Knowing the downstream manufacturers’ responses, supplier i
chooses c; to maximize its own profit I'l; = c;g;. Solving the suppliers’ profit maximization prob-

lem, we come up with the equilibrium input prices

The suppliers” and manufacturers” equilibrium profits are given by

2(2—0) 4

W= "eraroy ™~ Goortor

Neither manufacturer discloses (1 = ap = ND)

Consider next a case in which neither manufacturer discloses its cost information. Without dis-
closure, each manufacturer knows only its own unit procurement cost and relies on its beliefs
regarding the rival manufacturer’s cost when engaging in quantity competition. Let ¢; and §; be
manufacturer i’s belief regarding c; and g, respectively, which must be fulfilled in equilibrium.
Note that a perfect Bayesian equilibrium does not impose any restrictions on beliefs off the
equilibrium path; thus, manufacturer i is free to change its belief regarding c; upon receiving an
unexpected offer c; # c; from supplier i, where c is supplier i’s equilibrium offer. However,
because neither supplier j nor manufacturer j observes c;, their behaviors are not affected by the
actual cost ¢;. Following the above reasoning, ¢; and §; should not depend on ¢;, which is con-

sistent with passive beliefs that are commonly adopted in the literature (McAfee and Schwartz,
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1994; Inderst and Ottaviani, 2012; Janssen and Shelegia, 2015). Passive beliefs, in essence, place
a natural restriction on equilibrium outcomes: It requires that, when a manufacturer receives an
off-equilibrium contract and does not directly observe its rival’s procurement costs, it may not
have its beliefs regarding the contract offered to its rival be influenced.”

Our analysis is provided in detail in the appendix, but we outline here the intuitions involved
in solving the game. Consider first the manufacturers” quantity decisions. Given its own cost
c¢; and its belief regarding the rival manufacturer’s quantity decision, manufacturer i chooses g;
to maximize its (anticipated) profit 7r; = q;(1 — q; — 64; — ¢;), where 1 — q; — 64; is manufacturer
i’s conjecture regarding its retail price. Solving the manufacturer’s profit maximization problem
leads to g; = 17%79‘7’. Consider next supplier i. It chooses c; to maximize its own profit I'l; = g,c;.
Solving the supplier’s profit maximization problem yields ¢; = 1%9%. In equilibrium, the firms’

beliefs must be fulfilled, i.e., ¢; = ¢;, q; = §;. Using these conditions we come up with

The suppliers” and manufacturers” equilibrium profits are

I — 2 . 1
4+0)2 T (4+0)Y

Manufacturers adopt asymmetric disclosure policies (a; # «;)

Last, consider the subgame in which the manufacturers adopt asymmetric disclosure policies.
Assume, without loss of generality, that ;1 = D and a, = ND, i.e., only manufacturer 1 chooses
disclosure.

Again, we outline below the intuitions involved in solving the game and provide our detailed
analysis in the appendix. Because manufacturer 2 conceals its cost information, manufacturer 1
must rely on its beliefs about c; and g, to determine its output, q;. More specifically, manufacturer
1 chooses g1 to maximize its anticipated profit 71 = (1 — g1 — 042 — ¢1)g1 while manufacturer 2

chooses g, to maximize its profit 1, = (1 — g2 — 091 — ¢2)92.8 Solving the manufacturers’ profit

"Here, the manufacturers source from different suppliers so that supplier j does not observe c;, and it is reasonable to
assume passive beliefs. When the manufacturers source from a common supplier, however, there may be other beliefs.
We discuss this issue in detail later.

8Because manufacturer 2 observes cy, it can calculate the value of g1, which is a function of ¢;. Please refer to the
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maximization problems yields

1—c1—69
1=, M

and

2 —2c) — 0+ 10 + 567
qz _ 2 i 1 (12 ] (2)

Manufacturer 1’s belief must be sequentially rational, i.e., it replaces ¢, with & in (2) to obtain its

belief regarding g»:

o 2—28 — 0410 + §.6?
= ©

Solving for 4, in (3) yields

- 2—252—9(1—C1)
92 =

4 — 62
Plugging 4, into Equations (1) and (2) yields
2—2C1—9(1—52) 4—9(2—2C1+952)—C2(4—92)
= i-e 42 = § — 262 '

Consider next the suppliers” pricing decisions. Supplier i chooses c; to maximize its own profit,

Il; = ciq;. Solving the suppliers’ profit maximization problem, we come up with

2—0(1—&) 8—0(2+0+66)
—, = .
4 4(4—02)

1 =

The manufacturers’ beliefs must be fulfilled in equilibrium, i.e., c = &, which generates

. 2-0)@E+0)
2= Q2= e 3

The firms’ equilibrium profits are as follows:

(4—0)%2(4—6%) (2—0)%(4+06)?

=506 —3e2 - 2= e a2
(4—0)2 (2—0)2(4+0)?
M = 0 amyy’ 2=
(16 — 362)2 4(16 — 362)2

appendix for detailed analysis.
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Equilibrium Disclosure Strategies

Given the above analysis, we summarize the manufacturers” equilibrium profits in the subgames
in Table 1. In Figure 3, we illustrate the manufacturers’ equilibrium profits, where 7° (7ND)
denotes a manufacturer’s profit when both manufacturers choose disclosure (nondisclosure) and
where 7P NP (7ND/P) denotes a manufacturer’s profit when one manufacturer chooses disclosure

(nondisclosure) while the other manufacturer chooses nondisclosure (disclosure).

Manufacturer 2

D ND

D ( 4 4 ) ( (4-6)° (2*9)2(4+9)2)
Manufacturer 1 (4—6)2(2+6)2” (4—6)2(2+06)? (16—362)27  4(16—36%)
ND ( (2—(9)2(44-0)2 (4—9)2 ) ( 1 1 )

4(16—362)2 ’ (16—367)2 (410)2” (410)2

Table 1: Payoff matrix (independent suppliers, quantity competition)
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Figure 3: The manufacturers’ profits under different scenarios

Proposition 1 below addresses the manufacturers’ equilibrium disclosure policies.
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Proposition 1 Suppose that the manufacturers source from independent suppliers and that they compete
on quantity. When 6 > 0, there exists a unique subgame-perfect equilibrium, in which both manufacturers
choose disclosure (n1 = ap = D). Compared with the scenario in which neither manufacturer discloses, the

manufacturers are better off when they both disclose.

Proposition 1 suggests that, in a unique equilibrium, both manufacturers choose to disclose their
cost information. This finding is in line with a standard view in the cost disclosure literature,
which states that firms disclose their (exogenous) costs under quantity competition (Li, 1985; Gal-
Or, 1986; Shapiro, 1986; Darrough, 1993). However, in our current model, the costs are endoge-
nously given and there is no cost uncertainty; thus, the conventional rationale for cost disclosure
no longer applies. Why, then, do the manufacturers prefer disclosure to nondisclosure?

To shed light on the underlying forces at work, consider first the case in which manufacturer 1
chooses disclosure (1 = D). We now examine the trade-off that supplier 1 makes between profit
margins and purchase quantities when setting its input price c;. Suppose that supplier 1 slightly
increases its input price c1. Such a price increase exerts two effects on the downstream manufac-
turers. First, the high procurement cost discourages manufacturer 1 from procuring from supplier
1, i.e., g1 decreases. Second, observing that manufacturer 1 faces a higher cost, manufacturer 2
understands that it enjoys a competitive advantage and, by the rule of strategic substitutes, it is
more willing to offer products to the market to capture a greater market share, i.e., q> increases
(see Figure 4 for an illustration). In anticipation of this increase in g», manufacturer 1 is forced
to cut its output q; even more sharply. Both the former direct effect and the latter strategic effect
reduce supplier 1’s demand and injure its profit.

Next, suppose that manufacturer 1 chooses to withhold its cost information. In this case, the
direct effect persists but the strategic effect disappears: as manufacturer 2 does not observe cq,
it does not respond to it either (i.e., S—Zf = 0). In other words, supplier 1 can no longer use its
input price c; to sway manufacturer 2’s behavior. Now, supplier 1 can increase c; without wor-
rying about inducing the (negative) strategic effect. As such, supplier 1 is more willing to charge
manufacturer 1 a higher price c1, enjoying a higher profit margin and losing less demand.

From the foregoing analysis we see that manufacturer 1’s commitment to disclosure allows it

to secure a lower procurement cost from supplier 1 and consequently to benefit from the cost sav-
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Figure 4: The effect of an increase in ¢; when manufacturer 1 discloses (quantity competition).

ings. Manufacturer 2 also has reasons to prefer disclosure over nondisclosure. Thus, there exists
a unique equilibrium in which both manufacturers choose disclosure. Note that in the current
model, the manufacturers strategically use their disclosure decisions to affect the upstream sup-
pliers” behavior and their respective procurement costs. This effect is not studied in research on

cost disclosure.

4.2 Independent Suppliers and Price Competition

Consider next a scenario in which the manufacturers source from independent suppliers and com-
pete on price. As before, to solve for the manufacturers” equilibrium disclosure strategies, we con-
sider three subgames: (1) both manufacturers choose disclosure; (2) neither manufacturer chooses
disclosure; and (3) the manufacturers adopt asymmetric disclosure policies. The analysis of the
subgames is analogous to that presented in Section 4.1 and appears in full in the appendix.

We present the manufacturers’ payoff matrix in the following table.

The following proposition follows immediately from Table 2.

Proposition 2 Suppose that the manufacturers source from independent suppliers and that they compete
on price. When 6 > 0, there exists a unique subgame-perfect equilibrium, in which neither manufacturer
chooses disclosure (x1 = ay = ND). Compared with the scenario in which both manufacturers disclose,

the manufacturers are better off when neither of them discloses.
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Manufacturer 2

D ND
(2—6%)? (2—6%)? (44360)2(2—6%)>  (2+6)*(4+6—26%)
Manufacturer 1 ((4—9—292)2(2—9)2’ (4—9—292)2(2—9)2> (4(16—392(5—92))2’ 4(16-36%(5-67)) )

ND ((2+9)2(4+9—202)2 (4+39)2(2—92)2> ( 1 1 )

4(16—302(5—02))2 * 4(16—302(5—02))2 (4—30)2’ (4—30)2

Table 2: Payoff matrix (independent suppliers, price competition)

While Proposition 1 states that both manufacturers will disclose under quantity competition,
Proposition 2 finds that the opposite is true when the manufacturers compete on price. The rea-
sons for this are as follows.

Again, consider first a case in which manufacturer 1 chooses disclosure (x; = D). Suppose
that supplier 1 slightly increases its input price ¢;. Such a price increase will, again, exert two
effects on the downstream manufacturers. First, to offset the effect of the higher procurement
cost, manufacturer 1 will charge consumers a higher price. This will reduce manufacturer 1’s
demand for the input. Second, observing that manufacturer 1 faces a higher cost, manufacturer
2 will realize that the competition from manufacturer 1 is weakened, and respond by charging
consumers a higher price p, (see Figure 5 for an illustration). An increase in p,, however, will
increase manufacturer 1’s demand and encourage it to procure more from supplier 1 (i.e., aa% > 0).
While the former direct effect hurts supplier 1, the latter strategic effect benefits the supplier, which
makes a trade-off between the two effects in setting its input price.

Next, consider the case in which manufacturer 1 chooses to withhold its cost information.
Now, the direct effect persists whereas the strategic effect disappears: as manufacturer 2 does not
observe cy, it does not respond to it either (i.e., 3—?12 = 0). In this case, when supplier 1 increases c1,
it no longer benefits from the (positive) strategic effect. In other words, supplier 1 is reluctant to
charge manufacturer 1 a higher price ¢, as it will benefit less from doing so.

By the foregoing logic, a commitment to nondisclosure by manufacturer 1 allows it to secure a
lower procurement cost from supplier 1, which is self-evidently to manufacturer 1’s benefit. (Note
that a lower cost ¢ also intensifies market competition, which hurts manufacturer 1; however, this

effect is immaterial compared with manufacturer 1’s gain from the lowered procurement costs.)

Likewise, manufacturer 2 has reasons to prefer nondisclosure to disclosure. Thus, there exists a
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Figure 5: The effect of an increase in c; when manufacturer 1 discloses (price competition).

unique equilibrium in which both firms choose nondisclosure.

Interestingly, we find that the manufacturers adopt different disclosure policies under different
types of competition (i.e., they choose disclosure under quantity competition but nondisclosure
under price competition). The reason for this reversal is well documented in the literature on
cost disclosure: quantities are strategic substitutes while prices are strategic complements. Thus,
under quantity (price) competition, a higher cost decreases (increases) a manufacturer’s output
(price), encouraging the rival manufacturer to increase (decrease) its output (price), which results
in fiercer (weaker) competition. It is this difference in competitive response that produces the

different cost disclosure decisions.

4.3 Common Supplier and Quantity Competition

In this section, we consider a scenario in which the manufacturers source from a common supplier
and engage in quantity competition. As with the past scenarios, we adopt passive beliefs when
one or more manufacturers choose nondisclosure. (In Section 5.2, we consider wary beliefs and
show that our results remain robust under this alternative belief system.) We solve for the different
subgame equilibria in the appendix and present the manufacturers’ payoff matrix in the following
table.

The following proposition follows immediately from Table 3.

Proposition 3 Suppose that the manufacturers source from a common supplier and that they compete on
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Manufacturer 2

D ND

1 1 1 (4+6)?
Manufacturer 1 D (4(2+9)2’ 4(2+9)2> (4(2+9)2’ 64(2+9)2)
(4+6)? 1 1 1
ND | (e aaior)  (@ier: wiop)

Table 3: Payoff matrix (common supplier, quantity competition)

quantity. For any 0 > 0, there exists a unique subgame-perfect equilibrium, in which neither manufacturer
discloses. Compared with the scenario in which both manufacturers disclose, the manufacturers are better

off when neither of them discloses.

As can be seen from Proposition 3, the manufacturers” disclosure incentives are radically dif-
ferent when they source from a common supplier. Proposition 1 suggests that, under quantity
competition, both manufacturers choose disclosure when sourcing from independent suppliers,
Proposition 3 shows that the opposite is true when they source from a common supplier. This
result is also in contrast with the standard view in the literature that firms should disclose their
(exogenous) costs under quantity competition.

To understand the intuition in this scenario, consider again the effect of an increase in ¢;. When
manufacturer 1 chooses disclosure (i.e., ;1 = D), such a cost increase has two effects on the down-
stream manufacturers: first, manufacturer 1, faced with a higher cost, procures less from the sup-
plier, i.e., g1 decreases; second, manufacturer 2 anticipates that manufacturer 1 will offer fewer
products to the market and, by the rule of strategic substitutes, is willing to increase its output
to capture a greater market share, i.e., g increases. Obviously, the first direct effect reduces the
supplier’s demand and hurts its profit. Observe that, now, manufacturer 2 also procures from
the same supplier; this strategic effect increases the supplier’s demand and profit. This differs
radically from the case of independent suppliers, in which an increase in g, hurts supplier 1. The
supplier makes a trade-off between these two effects when setting its input prices.

When manufacturer 1 chooses nondisclosure, however, the second strategic effect vanishes, as
manufacturer 2 neither observes c; nor responds to it. In this case, an increase in c; only hurts the

supplier through the direct effect; as a result, the supplier becomes reluctant to charge manufac-
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turer 1 a high input price ¢;. By committing to nondisclosure, manufacturer 1 secures a lower cost
c1 from the supplier; thus, nondisclosure benefits the manufacturer. The same reasoning applies
to manufacturer 2, who also prefers nondisclosure. As a result, in the unique equilibrium, neither
manufacturer discloses. This result suggests that the market structure plays an important role in

determining manufacturers’ disclosure strategies.

4.4 Common Supplier and Price Competition

Last, consider the scenario in which the manufacturers source from a common supplier and en-
gage in price competition. We solve for the different subgame equilibria in the appendix and

present the manufacturers’ payoff matrix in the following table.

Manufacturer 2

D ND

1 1 1 (4+6—262)?
Manufacturer 1 D (4(2—9)2’ 4(2—9)2) (4(2—9)2’ 4(2—9)2(4—392)2>

(4+6-26%)2 1 1
ND <4(270)2(47392)2' 4(279)2> <(47130)2' (4739)2>

Table 4: Payoff matrix (common supplier, price competition)

The following proposition summarizes the manufacturers’ equilibrium disclosure strategies.

Proposition 4 Suppose that the manufacturers source from a common supplier and that they compete on
price. For any 6 > 0, there exists a unique subgame-perfect equilibrium, in which neither manufacturer
discloses. Compared with the scenario in which both manufacturers disclose, the manufacturers are better

off when neither of them discloses.

Propositions 3 and 4 indicate that manufacturers sourcing from a common supplier always
withhold their cost information, regardless of the nature of the competition, as doing so increases
their profits.

To understand Proposition 4, assume again that supplier 1 increases its input price c;. If manu-
facturer 1 chooses disclosure, the increase in ¢; exerts two effects on the downstream manufactur-

ers’ behavior. First, the high cost forces manufacturer 1 to raise its price p; and cut its procurement
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g1 from the supplier, an effect that self-evidently hurts the supplier. Second, anticipating that man-
ufacturer 1 will charge a higher price p;, manufacturer 2 becomes willing to procure more from
the supplier.’ This strategic effect clearly benefits the supplier, as the demand from manufacturer
2 increases.

When manufacturer 1 withholds its cost information, however, the positive strategic effect dis-
appears while the negative direct effect persists. As a result, an increase in c; hurts the supplier
even more, making it willing to charge manufacturer 1 a lower input price. Therefore, the man-
ufacturer chooses nondisclosure to secure a lower procurement cost. Likewise, manufacturer 2

withholds its cost information, which constitutes the unique equilibrium.

4.5 Discussions and Implications

Above, we characterize the manufacturers’ disclosure strategies under different market structures
and different types of competition. To facilitate comparison, we summarize the manufacturers’

equilibrium disclosure policies for all cases in the following table.

Quantity Competition Price Competition

Independent Suppliers (D, D) (ND, ND)
Common Supplier (ND, ND) (ND, ND)

Table 5: Equilibrium Disclosure Policies

Table 5 shows that when the manufacturers share a supplier or when they compete on price,
there exists a unique equilibrium in which neither manufacturer discloses. Only when the manu-
facturers source from independent suppliers and compete on quantity do they choose to disclose
their cost information.

These findings have important implications for firms. First, we find that cost disclosure not
only affects market competition, a phenomenon discussed extensively in cost disclosure research,
but can also be used strategically to influence upstream suppliers’ pricing decisions and hence
downstream manufacturers’ procurement costs. By committing to disclosing or withholding its

cost information, a manufacturer can secure a low procurement cost from its upstream supplier. To

9Manufacturer 2 will also charge consumers a higher price p; in response to a higher p;. While a higher p; increases
manufacturer 2’s demand, a higher p, decreases its demand. Overall, the first effect dominates and manufacturer 2 is
willing to procure more from the supplier.
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the best of our knowledge, this novel effect is not covered in any prior studies; the description of it
here therefore expands our understanding of cost disclosure. From a theoretical perspective, our
analysis also adds to this research by demonstrating that disclosure matters even in the absence of
market uncertainty (recall that in our model all costs are deterministic and firms always play pure
strategies).

Second, our results suggest that the established view on cost disclosure does not necessarily
hold when firms’ costs are endogenously determined. According to the standard view in the cost
disclosure literature, a firm operating under quantity competition should always disclose its cost
information to rival firms, as doing so alleviates market competition and increases the firm'’s profit.
While this finding holds for exogenous costs, our analysis suggests that it does not necessarily hold
when dealing with endogenously determined costs. For instance, our model suggests that firms
should conceal their procurement costs when they source inputs from the same supplier.

Third, our results may serve as a warning to firms that they should consider various factors
when making their cost disclosure decisions, including the nature of the market competition that
they operate under (price vs. quantity), the nature of the cost to be disclosed (exogenous vs.
endogenous) and the market structure in which they operate (common supplier vs. independent
suppliers). As a result, a firm should not treat all of its costs equally when making disclosure
decisions: it may want to disclose certain types of cost (e.g., labor costs and procurement costs
from certain suppliers) while withholding other types of cost (e.g., procurement costs from other
suppliers). This finding also explains why, in practice, firms are transparent about certain costs

but remain silent about others.

5 Model Extensions

In this section, we examine three extensions to our model, namely 1) the economic consequences
of mandatory (non-)disclosure, 2) the manufacturers” adoption of wary beliefs when receiving
an off-equilibrium price from a common upstream supplier, and 3) the effect of a fixed cost to

disclose.
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5.1 Regulating Cost Disclosure

Antitrust authorities have long raised concerns regarding information transmission between com-
petitors. Certain groups argue that information exchange stabilizes collusion, giving antitrust
authorities cause to forbid it among firms (Feuerstein, 2005). In this with this argument, Athey
and Bagwell (2001) show that collusion may not be possible without communication on private
costs. On the other hand, there may be efficiency gains from information transmission through
uncertainty reductions (Feuerstein, 2005). In fact, Kithn (2001) argues that the exchange of cost
information is less conducive to collusion and should only be regulated under extreme circum-
stances.

While the debate ensues, some policymakers have sought to enforce cost transparency through
regulations. For instance, in October 1993, the Danish antitrust authority, the Competition Coun-
cil, began gathering and regularly publishing figures on the transaction prices of two grades of
ready-mixed concrete sold by individual firms in three regions of Denmark (Albzek et al., 1997).

Given these contrasting views on cost disclosure, we now consider the implications of disclo-
sure regulations on the equilibrium outcome and consumer welfare. To do so, we compare three
regimes: A mandatory disclosure regime under which the manufacturers are mandated to dis-
close their cost information, a mandatory nondisclosure regime under which the manufacturers
are mandated to withhold their cost information, and a voluntary disclosure regime under which
the manufacturers have the discretion to make their own disclosure decisions.

We compare the equilibrium outcomes in the three regimes and arrive at the following propo-

sition:

Proposition 5 Compared to the voluntary disclosure regime, retail prices under a mandatory disclosure
regime or a mandatory nondisclosure regime are always (weakly) higher and consumer surplus and social

welfare are always (weakly) lower.

Proposition 5 reveals an interesting finding: Neither a mandatory disclosure nor nondisclosure
policy improves consumer welfare when compared to a voluntary disclosure policy. The intuition
is as follows: Our work has shown that, under voluntary disclosure, the manufacturers make
strategic disclosure decisions to secure low procurement costs from their suppliers, which, in turn,

has cascading downstream implications: The manufacturers pass down price cuts to consumers or
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put more products on the market, ultimately benefiting consumers. In contrast, both mandatory
disclosure and nondisclosure encourage suppliers to set higher input prices, causing retail prices
to rise and hurting downstream manufacturers and consumers alike.

Our results, thus, serve as a warning to policymakers: Regulations aimed at increasing and
decreasing cost transparency may have unintended negative consequences, and it may be optimal

to leave disclosure decisions to the firms themselves.

5.2 Wary Beliefs

In the basic model, we assume that the manufacturers adopt passive beliefs, meaning manufac-
turer i does not update its belief regarding c; upon receiving an unexpected offer ¢; # c; from its
supplier (i.e., it always holds the belief that ¢; = ¢;). When the manufacturers source from in-
dependent suppliers, passive beliefs are reasonable because the contract terms between supplier
j and retailer j should not depend on c¢;, which is not observed by supplier j when ¢; is chosen.
However, when both manufacturers source from a common supplier, a supplier who deviates and
offers manufacturer i a price ¢; # c;, could plausibly offer manufacturer j an off-equilibrium price
as well.

In this section, we consider an alternative belief specification, wary beliefs, when the manufac-
turers source from a common supplier. Initially proposed by McAfee and Schwartz (1994), wary
beliefs have been widely used in games of imperfect information (Rey and Vergé, 2004; Gaudin,
2019).

Under wary beliefs, a manufacturer who receives an off-equilibrium contract offer from a com-
mon supplier believes that the supplier will adjust its offer to the rival manufacturer to maximize
its own profit. And, perhaps most importantly, each manufacturer is convinced that the other
manufacturer shares the same belief (McAfee and Schwartz, 1994).

We defer the detailed analysis to the appendix and prove the following proposition:

Proposition 6 Suppose that the manufacturers source from a common supplier and that they adopt wary
beliefs. Under either price or quantity competition, for any 0 > 0, there exists a unique subgame-perfect

equilibrium, in which neither manufacturer discloses.

Proposition 6 suggests that our main results are not altered under wary beliefs and that both
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manufacturers conceal their cost information in equilibrium. The intuition is familiar: By com-
mitting to withholding its cost information, a manufacturer is able to secure a lower procurement

cost from the upstream supplier and make a higher profit.

5.3 Costly Disclosure

In the main model, we assume that disclosure is costless (i.e., a manufacturer does not incur any
fixed costs in disclosing its cost information). In this section, we extend the analysis and consider
a case in which a manufacturer must expend a fixed cost when disclosing its variable cost. For
simplicity, we assume that the manufacturers share the same disclosure cost, s > 0. We solve the

model and present the results in the following proposition:

Proposition 7 Suppose that the manufacturers” disclosure cost is s > 0. When the manufacturers com-
pete on price or source from a common supplier, they never disclose their costs regardless of the disclosure
cost. When the manufacturers source from independent suppliers and compete on quantity, the equilibrium

outcome hinges on the disclosure cost:

o [fs<s= 0 479);4(2 o7 (Zlegigt;;?z, both manufacturers disclose.

862 (8—602)

* Ifs =25 = Grepeamy

neither manufacturer discloses.

* Ifs < s < 3§, there exists a symmetric mixed-strategy equilibrium in which each manufacturer

discloses with probability A, where

L 44022+ 0)°(s(4+6)°(16 — 36°)° — 86°(8 — 6))
N 65(8 — 62)(128 + 480 — 862 — 63) '

Proposition 7 shows that a disclosure cost does not change the equilibrium outcome when the
manufacturers compete on price or source from the same supplier. Under either condition, the
manufacturers conceal their cost information even when disclosure is costless, a result that is only
strengthened by a high disclosure cost.

When the manufacturers source from independent suppliers and compete on quantity, how-
ever, the disclosure cost does affect the manufacturers’” equilibrium disclosure decisions in that

they disclose when the cost is not too high. When the disclosure cost is high enough, the benefit
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of securing lower procurement costs is outweighed by the expense, and the manufacturers forgo

disclosure to save on the disclosure cost.

6 Conclusion

Firms must often determine whether or not to disclose their cost information to other market par-
ticipants. In practice, firms” disclosure strategies vary, with some disclosing their cost information
and others withholding it. Studies on cost disclosure have investigated firms’ incentives to dis-
close their cost information under market competition when such costs are exogenous and uncer-
tain (e.g., determined by stochastic production technology), showing that firms should disclose
(conceal) their cost information under quantity (price) competition. And yet, how firms make
disclosure decisions on endogenously determined costs (e.g., procurement costs determined by
upstream suppliers) has been understudied.

To fill this research gap and understand firms’ incentives to disclose their endogenous costs,
this paper develops a game-theoretic model in which two manufacturers source inputs from an
upstream supplier or suppliers and compete in the consumer market. Our analysis of four alter-
native scenarios under different types of market competition (i.e., price and quantity competition)
and structures (i.e., independent suppliers and a common supplier) generates findings that depart
from established views on cost disclosure.

First, we show that manufacturers’ cost-disclosure strategies affect not only market competi-
tion but also how suppliers set their input prices. As such, a manufacturer can manipulate its
own sourcing costs through strategic cost-disclosure decisions. Upstream suppliers must take
their downstream manufacturers’ cost-disclosure decisions into account when making their pric-
ing decisions. These findings highlight the strategic role of cost disclosure in determining the costs
themselves.

Second, our results warn firms to take various factors into consideration when making their
cost-disclosure decisions. While previous research states that firms” disclosure policies should
depend on the nature of the competition under which they operate (i.e., price vs. quantity compe-
tition), our findings indicate that firms should also consider the nature of the costs to be disclosed

(i.e., endogenous vs. exogenous) and the market structure under which they operate (i.e., com-
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mon supplier vs. independent suppliers). A further suggestion is for firms to not view all their
costs equally and, instead, consider disclosing certain types of cost information while remaining
silent on others.

Third, our findings suggest that mandatory (non-)disclosure can affect market efficiency
through firms’ procurement costs. Regulatory authorities must evaluate this strategic effect when
implementing disclosure regulations. Interestingly, both mandatory disclosure and nondisclosure
policies increase firms” procurement costs and the final product prices, ultimately injuring con-
sumer surplus and social welfare. Therefore, giving firms the discretion to make their disclosure
decisions is the most socially efficient policy.

Our analysis provides preliminary insights into firms’ disclosure of endogenous costs, a topic
that can be extended in several directions. First, the current model focuses exclusively on firms’
disclosure of cost information, but it would be of interest to consider firms’ incentives to disclose
other information insofar as such information can be endogenized. For example, studies on qual-
ity disclosure tend to assume that quality is determined randomly by nature (e.g., Guo 2009). One
could consider a case in which firms endogenously choose their product quality and make their
disclosure decisions accordingly. Second, when analyzing cost disclosure, we focus on its inter-
action with market competition. However, it is well-established that cost disclosure also affects
the equilibrium outcome when consumers or other market participants are concerned about dis-
tributional fairness (Guo, 2015). Future research may consider firms’ incentives to disclose their
endogenous costs when faced with fair-minded consumers. Finally, while our model assumes
that suppliers and manufacturers are contracted through linear prices, intriguing insights may
be gained by examining firms’ disclosure strategies under other types of contracts (e.g., revenue

sharing contracts) or when input prices are set through a bargaining process.!°

10 Another commonly used vertical contract is a two-part tariff. We find that, if firms are contracted through two-part
tariffs, the downstream manufacturers always make zero profits regardless of their disclosure decisions (the suppliers’
profits are different). Therefore, any disclosure policy can be sustained as an equilibrium outcome.
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A Formal Equilibrium Analysis

A1 Independent Suppliers and Quantity Competition

A.1.1 Manufacturers’ Best Response Functions
Recall that manufacturer i’s inverse demand is given by p; = 1 —¢; — 0g;. Let ¢; be manufacturer j’s belief

of ¢;. Under passive beliefs, ¢; satisfies that

Ci if manufacturer i discloses,

c otherwise,

where ¢ is the equilibrium cost ¢;. That is, if manufacturer i discloses its cost information, manufacturer
j's belief must be correct. If manufacturer i does not disclose, manufacturer j believes that supplier i has
played the equilibrium strategy and charged manufacturer i an equilibrium input price c;.

We next derive the manufacturers’ best response functions. We conjecture that the manufacturers’ strat-

egy profiles are as follows (which we confirm later):
q1 = ao + w101 + axly + azly, (4)

92 = Po + P1c2 + P2b2 + Bali- (5)

Note that manufacturer 1 does not always observe ¢, directly. It replaces ¢, with & in (5) and forms belief

regarding g. Under sequential rationality, manufacturer 1’s belief of g, is given by

§2 = Bo + (B1+ P2)&2 + Bach- (6)
Manufacturer 1 chooses g; to maximize its anticipated profit, that is,
m = (1—q1— 042 — c1)q1.
Optimizing manufacturer 1’s profit we have

- 1—c1 —6(Bo+ 5;51 + (B +p2)e2) )
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Comparing (4) with (7), we have

1-6 1 0 0(B1 +
ZT'BO, 0612—5, azz—%, WBZ_M' 8)

X0
Similarly, for manufacturer 2, we have

o 1-— 90&0 - 1 o 90&3 - 9(0(1 + 0&2)
IBO_ 2 /ﬁl_ E/ ,32_ 7/ 3 = > . (9)

Using (8) and (9), we obtain the manufacturers’ strategy profiles as follows.

fo= o= e = Pr= = ___ N L
0=Po=5 g m=ph="50=p= 20— ) s=Ps= @

Next, we derive the equilibrium outcome of each subgame.

A.1.2 Both manufacturers disclose

When both manufacturers disclose, information is perfect and we have that ¢ = ¢; and ¢, = c. The

analysis is straightforward and is thus omitted.

A.1.3 Neither manufacturer discloses

Now, consider the subgame in which neither manufacturer discloses. In this case, we have ¢; = c] and
& = c3. Plugging the manufacturers’ beliefs into their best response functions, we come up with
1 C1 62 0

- - L a*
N=3279 2 2a-e) "

*

e
Supplier 1’s profit 711 = c141 is maximized at ¢; = cj. The first-order condition yields that
~ 4-0(2—2c5 +6c7)

] =

2(4 — 62)
Similarly, we obtain that
. 4—6(2—2c} +6c3)
2= 2(4— 62

Solving for c] and c3, we obtain
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The firms’ equilibrium profits are

2 1

Il = P = .
T larer T arer

A.14 Asymmetric Disclosure Policies

Assume that manufacturer 1 chooses disclosure while manufacturer chooses nondisclosure. Then, we have

¢ = c1 and & = c;. Plugging the manufacturers’ belief into their best response functions, we have

2201 —60+6c; 1 o ¢ oy
N="4—@ P Toye 2 2a-m@) ?2Ti—g

C1.

Supplier i’s profit 71; = ¢;q; is maximized at ¢; = c;. The first-order condition yields that

C*_Z—G(l—cz) C*_8—9(2+6—0—9c§)
te 4 SR 4(4 —62)
Solving for ¢ and c3, we come up with
o 4-0)2-0)(2+6) C*_(2—9)(4+6)
1 32 — 662 72T 16— 362

The firms’ equilibrium profits are

(4—6)%(4—6%) (2—0)%(4+0)?

H = - = H = 5
17 2016 -362)2 7 2T T 2(16—362)2
(4—6)? (2—-0)%(4+0)?
="l M= —— >
(16 — 362)2 4(16 — 362)2

A.2 Independent Suppliers and Price Competition

In this section, we solve for the equilibrium outcome when the manufacturers compete in price and source

from independent suppliers.

A.21 Manufacturers’ Best Response Functions

Recall that manufacturer i’s demand is given by D; = 1 — p; + 0p;. Let ¢; be manufacturer j’s belief of c;,

which satisfies that

~ Ci if manufacturer 7 discloses,
otherwise,

where c} is the equilibrium cost ;.
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We next derive the manufacturers’ best response functions. We conjecture that the manufacturers’ strat-

egy profiles are as follows (which we confirm later):
p1 = &0 + a101 + axly + a3l (10)

p2 = Bo+ Brc2 + Bala + B3li. (11)

Note that manufacturer 1 does not always observe ¢, directly. It replaces c; with & in (11) and forms belief

regarding p,. Under sequential rationality, manufacturer 1’s belief of g, is given by

P2 = Bo+ (B1+ B2)éa + Baci. (12)
Manufacturer 1 chooses p; to maximize its anticipated profit, that is,

m = (1= p1+60p2)(p1 = c1)-

Optimizing manufacturer 1’s profit we have

_ 14 e +60(Bo+ Bat1 + (B1+ B2)2)

. 1
P ) (13)
Comparing (10) with (13), we have

_ 1468 1 0B 0(B1tp)

"‘O—Tﬂxl—izaz—T/ 0‘3—#' (14)

Similarly, for manufacturer 2, we have

1 + O 1 . Ous . 9(061 +ay)
Using (14) and (15), we come up with

1 62 )

1
M=bo=gmgushEye=hE gy =k e
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A.2.2 Both manufacturers disclose

When both manufacturers disclose, information is perfect and we have that ¢ = ¢; and ¢, = c. The

analysis is straightforward, and the equilibrium outcome is

o 2+6
P49 —202

The firms’ equilibrium profits are

(2+6)(2 - 6?) _ (2—6%)2

2—0)4—0—2022 T 2-0)2(4—0—202)2

I =

A.2.3 Neither manufacturer discloses

When neither manufacturer discloses, we have ¢; = c],& = c;. Plugging the manufacturers’ beliefs into

their best response functions, we have

—L—Fc—l—ki c*—l—L ¢y, P2 = ! + 2 c; + 6 i
L S B SN Y R- 5 R S B Y R B S R

p2 and pp can be obtained similarly.

Supplier 1's profit 711 = ¢1(1 — p1 + 0p>) is maximized at ¢; = cj, which yields that

. 4+0(2+2c5+0c])
OT T2

Similarly, we have
o 4+060(242c +6c3)
2 2(4 —62)

Solving for ¢ and c3, we come up with

The firms’ equilibrium profits are
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A.24 Asymmetric Disclosure Policies

Assume that manufacturer 1 chooses disclosure while manufacturer chooses nondisclosure. Then, we have

¢1 = c1 and & = c;. Plugging the manufacturers’ beliefs into their best response functions, we have

- + 2 c1+ 6 c; —L+C—2+ i cy o
PLmo gy Oy > P79 2 Tou e

2t e

1,2 8 1,2 0
Ay R gy R Y Ry B Ty )

Supplier i’s profit 7t; = ¢;(1 — p; + 0f;) is maximized at ¢; = c;. The first-order condition yields that

«  2+0+0c;

. 8+0(6—0(3+20—(3—06%)c))
L™ g 202 ‘

2(8 — 662 + 64)

*
162:

Solving for c] and c3, we reach the followings.

. 2-0)Q2+0)(4+30) . 8+0(6—6(3+20))
U7 T3 62502 2T 16-302(5- 62

The firms’ equilibrium profits are

(4 +30)%(8 — 66> + 64) _ (240)*(4+ 0 —26%)?
4(16—302(5—02))2 * % 2(16—302(5—62))2 "

I, =

(4+30)%(2 — 62)? (2+0)2(4+6(1—20))?

T 416 —362(5 —02))2" 2T T 4(16 —302(5 _ 67))2

The manufacturers’ profits in the subgames are summarized in Table 2.

A.3 Common Suppliers and Quantity Competition

A.3.1 Both manufacturers disclose

When both manufacturers disclose, information is perfect and we have that & = ¢; and &, = c. The
analysis is straightforward, and the equilibrium outcome is cj = ¢; = % In equilibrium, the firms’ profits

are
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A.3.2 Neither manufacturer discloses

Following the analysis of Section A.1.3, we have

1 Ci 92 0

=236 2 a@-e T Ti—e

*
Cj.

The supplier’s profit is I = c14; + c242, which is maximized at ¢; = ¢] and ¢y = ¢;. Using the first-order

conditions we come up with

402 —2c5+6c)) 4—6(2—2c +6c3)

* ko
AT T ou—e) 2T T 2a-
Solving for ] and c;, we obtain
2
A=%=1
The firms’ equilibrium profits are
4 1
H = —, = =
@102 T arop

A.3.3 Asymmetric disclosure policies

Assume without loss of generality that only manufacturer 1 chooses disclosure. Following the analysis of

Section A.1.4, we have

_2—201—0+0c; _ 1 o 62 o 0
N=""ger T oy 2 2u—2) 2T i@

C1.

The supplier’s profit is IT = c141 + c2g», which is maximized at ¢; = ¢ and c; = c;. Solving the supplier’s

profit maximization problem we come up with

16 — 6(4 +2(3 — )6 — (8 — 362))

_ 8-60(2+0+c36)

a= 32 — 1062 2 16 — 562
Solving for c] and c;, we obtain
o 8+ 40 — 02 O
17 782+6) ~ 2 2T 8146
The firms’ equilibrium profits are
324166 — 62 1 o (4+06)>
T 3202+60)2 7 T a2+0)2 TP e4(2+6)2
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The manufacturers’ profits in the subgames are summarized in Table 3.

A.4 Common Suppliers and Price Competition

A.4.1 Both manufacturers disclose

When both manufacturers disclose, information is perfect and we have that ¢; = ¢y and & = cp. The

analysis is straightforward, and the equilibrium outcome is

a=a=; - 20°
The firms’ equilibrium profits are
1 1
N2 M T T a0
A.4.2 Neither Manufacturer Discloses
Following the analysis of Section A.2.3, we have
1 0 s 0 1 2 e, 0
Pi=a—g 22— i T T i T

The supplier’s profit is IT = Y; ¢;(1 — p; + 0p;), which is maximized at ¢; = ¢} and ¢; = c3. Using the

first-order conditions we come up with

. 4+9(2—0—2c;f+0c1’f)

= 204 62)

Solving for c] and c3, we obtain
* * 2
€1 =C = 47_ 30"
The firms’ equilibrium profits are
4 1
IT= = .
@—30)2 T T (g3
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A.4.3 Asymmetric disclosure policies

Assume without loss of generality that only manufacturer 1 chooses disclosure. Following the analysis of

Section A.2.4, we have

P1=35"%

1,2 8 1,2 0
Ay R gy R Y Ry B Ty )

The supplier’s profit is IT = }; ¢;(1 — p; + 0f;), which is maximized at

8+60(6—0(3+20—(3—62)c}))

. 16+0(12+8c; —20 — (2+¢3)62)

“ 32 — 2667 + 404 $ 2T 16 — 1302 + 26%
Solving for c] and c3, we obtain
. 8+ (4—-30)0 , 4460207
1 = Cy =

(2—0)(4—302)’ 27 202 -0)(4—302)

The firms’ equilibrium profits are

_ 644320 — 6662 —206° +176% 1 o (4+0-26%)2
- 42-0)2(4-302)2 1T 4202 "? T 4(2-0)2(4—362)2°

The manufacturers’ profits in the subgames are summarized in Table 4.

A.5 Analysis under Wary Beliefs

In this section, we analyze the equilibrium outcome when both manufacturers source from a common

supplier and adopt wary beliefs.

A.5.1 Common Supplier and Quantity Competition

First, consider a case in which both manufacturers disclose their cost information. In this case, information
is perfect and the equilibrium outcome is not affected. Second, consider a case in which neither manufac-
turer discloses. Suppose that the supplier offers a price ¢ to manufacturer 1. Let R(¢1) denote the optimal
price that the supplier charges manufacturer 2, given that manufacturer 1’s input price is c¢;. Furthermore,

let R(c;) denote manufacturer 1’s belief of c,, given that its own cost is ¢, and let IT(cy, c) denote the
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supplier’s total profit from both manufacturers. Wary beliefs dictate that
R(c1) = argmax Il(cy, w). (16)
w

Put differently, the price pair (c1, R(c1)) maximizes the supplier’s profit, given that the supplier charges

manufacturer 1 a price c;. Equation (16) can be translated into
R(cy) = argmax c1 - q1(c1, R(c1)) +w - g2(w, R(w)). 17)

Note that w does not appear on the first term on the right-hand side, and we can rewrite Equation (17) as

R(c1) = argmax w - 72(w, R(w)). (18)

It follows immediately from Equation (18) that R(c7) is independent of ¢1. In other words, manufacturer 1
should not update its belief regarding c, upon receiving an expected offer from the supplier, and manufac-
turer 2 must share the same reasoning. In this regard, wary beliefs coincide with passive beliefs, and the
equilibrium outcome is not affected.

The situation becomes more complicated when the manufacturers adopt asymmetric disclosure deci-
sions. Assume without loss of generality that only manufacturer 1 discloses. We conjecture that there exists
an equilibrium in which manufacturer 1’s belief is linear in its cost, denoted by & = &g + ayc;. It follows

that the manufacturers’” quantity decisions are

2(1—c1) — 0+ (g + a101)0 ] 4—(4—0%)c) — 02+ aph —c1(2 — a10))

7= 1 g2 2= 24— 62)

Maximizing the supplier’s total profit, we find

4—0(24 g0 —c1(2 —a10))
2(4— 62) '

Cy) =

Using the consistency of beliefs (i.e., &, = ¢, in equilibrium), we obtain

o — 4—20 o — 20
0_8_92/ 1_8_9/
and that the equilibrium costs are
32 — (8 —0)6? 16 — 46 — 62
()= ————7—) 0= —(r———

64 — 1262 32 — 602
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The manufacturers’ equilibrium profits are

4(2-0)? (16 — 40 — 6%)?

T 16 —362)2 7 T16(16 —302)2

We summarize the equilibrium outcome in the following table. It follows immediately that, in equilibrium,

neither manufacturer discloses.

Manufacturer 2

D ND
D ( 1 1 ) ( 4(2—6)2 (16749762)2>
Manufacturer 1 4(240)%” 4(2+6)° (16—36%)2” 16(16—367)2
(16—40—6%)>  4(2—-0)? 1 1
ND ( 16(16—36%)2 (16—392)2> ((4+9)2' W)

Table 6: Payoff matrix (common supplier, quantity competition)

A.5.2 Common Supplier and Price Competition

Consider, again, the case in which both manufacturers disclose their cost information. In this case, infor-
mation is perfect, and the equilibrium outcome is not affected. Then, consider the case in which neither
manufacturer discloses. Suppose that the supplier offers a price ¢; to manufacturer 1. Let R(c;) denote the
optimal price that the supplier charges manufacturer 2, given that manufacturer 1’s cost is c1. Furthermore,
let R(c1) denote manufacturer 1’s belief of ¢y, given that its own cost is ¢1, and let I1(cy,cp) denote the

supplier’s total profit from both manufacturers. Wary beliefs dictate that
R(c1) = argmax I1(cy, w). (19)
w

That is, the price pair (c1, R(c1)) maximizes the supplier’s profit, given that the supplier charges manufac-

turer 1 a price c1. Equation (19) can be translated into
R(cy) = argmax c1 - q1(c1, R(c1)) + w - g2(w, R(w)). (20)
Note that w does not appear on the first term on the right-hand side, and we can rewrite Equation (20) as

R(ep) = argmax w - 72(w, R(w)). (21)
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It follows immediately from Equation (21) that R(c;) is independent of c1. In other words, manufacturer 1
should not update its belief regarding c, upon receiving an expected offer from the supplier, and manufac-
turer 2 must share the same reasoning. Wary beliefs, again, coincide with passive beliefs and the equilib-
rium outcome will not be affected.

As was the case under quantity competition, the situation becomes more complicated when the manu-
facturers adopt asymmetric disclosure decisions. Assume without loss of generality that only manufacturer
1 discloses. We conjecture that there exists an equilibrium in which manufacturer 1’s belief is linear in its

cost, denoted by ¢, = «g + a1¢1. It follows that the manufacturers’ pricing decisions are

2 +2cq + 6 4 agh + cqaq0 44 cr(4—6%) +0(2+wf +c1(2+x10))

Maximizing the supplier’s total profit, we find

o 4+9(2+0¢09+C1(2+90€]))
N 2(4 — 62) ‘

2

Using the consistency of beliefs, i.e., & = ¢, in equilibrium, we obtain

o — 4+20 - — 26
078302 7' 830
and that the equilibrium costs are
32 + 320 — 86* — 96° 16 + 126 — 96 — 66°
1 — ) =

64 — 7602 + 1864 ' 32 — 38602 + 964

The manufacturers’ equilibrium profits are

(16 + 86 — 166% — 963)2 ~ (16+120 — 96% — 66°)?
4(32 — 3802 +904)2 ’ 4(32 — 3802 4 964)2

T =

Ty =

We summarize the equilibrium outcome in the following table. It follows immediately that in equilibrium,

neither manufacturer discloses.
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Manufacturer 2

D ND

<# #) ( (16480 1662—96%)2 (16+120—962—66%)2 )

Manufacturer 1 4(2-0)2” 4(2—-96)? 4(32-38602+90%)2 7 4(32—-3802+96%)2

ND <(16+129—992—693)2 (16+89—1692—993)2> ( 1 1 )

4(32—3862+96%)2 ’  4(32—386%+96%)2 (4—30)2” (4—30)2

Table 7: Payoff matrix (common supplier, price competition)
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