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Welfare Effects of Endogenous Information Acquisition and

Disclosure in Duopoly Markets

Abstract: This paper investigates the interaction between firms’ informa-
tion acquisition decisions and disclosure of internally acquired information
in a Cournot duopoly market. The results are as follows. Given that the
precision of firms’ private information is constant, mandatory disclosure of
information about the industry-wide demand uncertainty can enhance social
welfare. However, when the precision of firms’ private information is endoge-
nously determined, mandatory disclosure is not always desirable. This is
because when disclosure is mandated, firms acquire less precise information
compared to the case where acquired information is not disclosed, and hence
their internal information environments are deteriorated. This can lead to
“unintended consequences,” such that disclosure regulation strictly decreases

social welfare on the whole.
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1 Introduction

Accounting researchers recognize that management accounting systems (internal re-
porting) and financial accounting systems (ezternal reporting) are closely linked (e.g.,
Hemmer and Labro, 2008; Taipaleenméki and Tk&heimo, 2013; Zimmerman, 2014). How-
ever, as pointed out by Hemmer and Labro (2008), little is known about the interaction
between them. Basically, external reporting or, more broadly, information disclosure,
is monitored by regulatory agencies such as the Securities and Exchange Commission
(SEC), Financial Accounting Standards Board (FASB), and International Accounting
Standards Board (IASB), mainly in an attempt to protect decision makers in the cap-
ital market. One indication of this is that if external reporting (disclosure) is closely
tied to management accounting (internal information) systems, then exogenously forced
changes in disclosure rules might impact not only the information disclosed to outside
users but also the information needed for firms’ internal use. If so, regulatory agencies
should consider the effect of disclosure regulation on firms’ internal information envi-
ronments and the resulting market outcomes in order to achieve the intended goal of
the regulation. In fact, several recent studies suggest that exogenous changes in disclo-
sure regulation also alter firms’ internal information environments and affect subsequent
managerial decisions (e.g., Graham, Hanlon, and Shevlin, 2011; Shroff, 2014; Shroff,
Verdi, and Yu, 2014).

This paper adds to the theoretical insights in the above discussion by investigating
the interaction between firms’ information acquisition decisions and disclosure of the
internally acquired information. Formally, this paper builds upon a standard duopoly
model with uncertainty. It is well known that product market competition affects firms’
disclosure decisions (e.g., Vives, 1984; Gal-Or, 1985; Darrough, 1993; Raith, 1996; Suijs
and Wielhouwer, 2014). This paper extends the model by endogenizing firms’ internal
information acquisition decisions. In other words, a firm can choose the precision of
private information before disclosing it. Under this setting, this paper attempts to
answer the following questions. How does disclosure affect firms’ information acquisition

decisions? How does the interaction between information acquisition and disclosure



affect social welfare? By answering these questions, the goal of this paper is to improve
our understanding of how regulatory arrangements for external reporting affect firms’
internal information environments and to evaluate the effectiveness of the disclosure
regulation.

Duopolistic settings are appropriate for investigating the interaction between infor-
mation acquisition and disclosure.! Once privately acquired information is disclosed, a
rival firm can also observe and strategically use it. If the disclosed information is also
useful for the rival firm and improves its decision, then the disclosing firm might suffer a
competitive disadvantage compared to the case in which information is withheld. This
implies that disclosure will decrease the benefit obtained from acquiring costly informa-
tion through the management accounting system. In addition, if a firm can free ride to
some extent on the information disclosed by the other firm, then the free-riding firm’s
incentive to acquire costly private information through the management accounting sys-
tem might diminish. Conversely, if disclosure can change the rival’s behavior so that
the disclosing firm benefits from revealing its private information, the firm might invest
more in its internal information system and disclose the acquired private information.
In this manner, it is possible that disclosure affects the potential costs or benefits of
information acquisition depending on how the rival firm strategically responds to the
disclosed information.

Notably, this paper focuses on the setting where two firms compete in quantities, that
is, Cournot competition under industry-wide demand uncertainty. This is because pre-
vious analytical studies show that although Cournot duopolists commit to nondisclosure
of private information related to industry-wide uncertainty, mandatory disclosure can
enhance social welfare (e.g., Darrough, 1993; Suijs and Wielhouwer, 2014). This paper
considers whether the regulatory implications suggested by the previous studies are valid
when firms’ private information is endogenously determined.

The main results are as follows. Given that the precision of firms’ private information

is constant, disclosure of information on industry-wide demand uncertainty can enhance

In the context of the capital market, Pae (1999) analyzes the problem of information acquisition and
disclosure.



social welfare. Because firms have no incentives to voluntarily disclose their private
information ex ante in this case, this implies that disclosure regulation is effective and
socially desirable. This result is the same as that of prior studies and indicates that
disclosure per se has a positive impact on social welfare (e.g., Suijs and Wielhouwer,
2014). However, in the setting where firms’ private information is endogenously de-
termined, mandatory disclosure is not always desirable. This is because disclosure has
a negative effect on firms’ incentives for acquiring private information through the in-
ternal information system. That is, when disclosure is mandated, firms acquire less
precise information compared to the case where acquired information is not disclosed,
and hence, their internal information environments are deteriorated. This leads to in-
efficient production decisions, which in turn, have a negative impact on social welfare.
Taken together, mandating disclosure of privately acquired information has two effects
on social welfare: (i) the direct positive effect, which increases social welfare as shown
in the prior studies, and (ii) the negative indirect effect, which decreases social welfare
through the deterioration of the internal information environment of the firm (Ganuza
and Jansen, 2013). In fact, there exists a case where the negative indirect effect dom-
inates the positive direct effect, that is, mandatory disclosure strictly decreases social
welfare on the whole. This result is in sharp contrast to the findings of prior studies and
suggests that disclosure regulation might fail to achieve the intended goal of enhancing
social welfare.

This paper contributes to the literature on disclosure in duopoly markets by exam-
ining the interaction between firms’ information acquisition and disclosure decisions.
Numerous analytical studies examine firms’ disclosure behavior in the presence of prod-
uct market competition.? However, most of the existing literature takes firms’ private
information as exogenous, and the interaction between firms’ information acquisition

and disclosure decisions is ignored. Notable exceptions are Kirby (2004), Jansen (2008),

2See, for example, Vives (1984), Gal-Or (1985), Kirby (1988), Vives (1990), Darrough (1993), Sankar
(1995), Raith (1996), Clinch and Verrecchia (1997), Pae (2000), Pae (2002), Arya and Mittendorf
(2007), Hughes and Williams (2008), Arya, Frimor, and Mittendorf (2010), Bagnoli and Watts
(2010), Corona and Nan (2013), Suijs and Wielhower (2014), Bagnoli and Watts (2015), and Hughes
and Pae (2015).



and Ganuza and Jansen (2013). They simultaneously consider the problem of infor-
mation acquisition and disclosure in a duopoly/an oligopoly. Kirby (2004) analyzes a
stochastic oligopoly model and shows that mandatory disclosure requirements can create
a potential opportunity loss for firms. Kirby (2004) assumes that firms act cooperatively
in their choices of information acquisition and disclosure. Jansen (2008) also analyzes
a stochastic duopoly model, but he focuses on strategic disclosure, that is, firms decide
whether to disclose their private information or not after receiving the information. This
paper is most closely related to that of Ganuza and Jansen (2013). They mainly ana-
lyze a Cournot-type duopoly model under firm-specific cost uncertainty, and show that
disclosure increases firms’ incentives to acquire private information.

Focusing on the effectiveness of the disclosure regulation, I provide additional insights
by identifying the effects that disclosure has on firms’ internal information acquisition
decisions. Prior studies show that although Cournot duopolists prefer to not disclose
industry-wide demand information ez ante, mandatory disclosure requirements can en-
hance social welfare. This paper argues that it is unclear whether mandatory disclosure
can surely enhance social welfare. This is because mandatory disclosure might have a
negative effect on firms’ incentives to acquire costly private information. In fact, this
paper identifies an important condition, namely, that social welfare is strictly reduced
by mandatory disclosure.

This paper also has implications for disclosure regulation. Recent disclosure require-
ments make an attempt to expand firms’ transparency and align their external and
internal information environments. For example, Management Discussion & Analysis
(MD&A) disclosure requires firms to provide information that enables outside investors
to “see the firms through the eyes of management” (SEC, 2003). As a second exam-
ple, the Statement of Financial Accounting Standards (SFAS) 131 and International
Financial Reporting Standard (IFRS) 8 adopt the so-called “management approach” in
segment reporting and require externally reported segments to be defined based on the
firm’s internal reporting structure. However, the analysis suggests that expanding firms’

transparency through aligning externally disclosed information with that for firms’ inter-



nal use is not necessarily desirable. In particular, it is possible that mandatory disclosure
of firms’ private information has a negative impact on the incentives for acquiring in-
formation for firms’ internal use, and ultimately deteriorates firms’ internal information
environments. This might lead to inefficient managerial decisions and decline of social
welfare.

The remainder of this paper is organized as follows. Section 2 describes the model
setup. In section 3, I analyze the model and provide the equilibrium strategies of the
firms. In section 4, I examine the effect on social welfare and discuss the desirability of
disclosure regulation. Section 5 summarizes the paper. All proofs are presented in the

appendix.

2 Model

Consider a single-period product market where two firms (¢, = 1,2,7 # j) compete in
quantities, that is, Cournot duopoly market.®> The utility function of the representative

consumer is assumed as follows.

B
Ulgr, ¢2) = a(q1 + g2) — §(Qf+qg +27q1¢2), (1)

where a and (8 are parameters, ¢; > 0 is the quantity of firm ¢’s product, and 0 <
v < [ is the degree of substitution between firm 1’s and firm 2’s products. Note that
U is quadratic, (strictly) concave, and symmetric in ¢; and go (Vives, 1984). The
representative consumer maximizes U(qq, q2) — Z?Zl Diq;, where p; is the price of firm ¢’s
product. Firm ¢ has a constant marginal cost, denoted by ¢;. Without loss of generality,
I assume that 5 =1 (hence, v € (0,1)) and ¢; = 0.

The first-order condition of the consumer’s maximization problem gives the following

3The basic structure and notations of the model are based on Darrough (1993), Arya and Mittendorf
(2007), and Suijs and Wielhouwer (2014).



inverse demand function:
pi = —qi — - (2)

I introduce uncertainty into the demand intercept. More specifically, following Dar-

rough (1993) and Suijs and Wielhouwer (2014), I assume that
a=a+ Aw + Aas, (3)

where @ is a constant, and Aa; and Aay are identically, independently, and normally
distributed with mean zero and variance s > 0.
Each firm 7 acquires a costly and noisy signal about Acq;. The signal is denoted by &;

and is expressed as
& = Aa; + &, (4)

where ¢; is normally distributed with mean zero and variance e; > 0.°> The information
acquisition cost, denoted by K;, is assumed to be linear in 1/¢;. Equivalently, K; can be

written as

Ki(n) = " )

(L—=mn)
where 1; = s/(s+¢;) and k > 0 is a constant.® Given that E[Aaq;|&;] = m:&, 0 represents
the sensitivity of the conditional expectation to the realized value of signal &;. If n; is

low, signal &; is not so valuable for firm ¢ in the sense that the conditional expectation

4Most theoretical studies that analyze firms’ disclosure decisions in duopoly /oligopoly markets consider
two types of uncertainty: demand uncertainty and cost uncertainty. In other words, firms have
private information about market demand or their own production costs. In Cournot competition,
however, the key distinction is between industry-wide versus firm-specific information, not between
demand versus cost information (Christensen and Feltham, 2003, Ch.15).

SFollowing previous studies, despite the normality assumption about Acq; and ¢;, I ignore the possibility
of negative quantities. See, for example, Vives (1984, p.77, footnote 2), Darrough (1993, p.541,
footnote 15), and Suijs and Wielhouwer (2014, p.232. footnote 8).

6This expression of the information acquisition cost is the same as that used by Hauk and Hurkens
(2001).



remains largely unaltered from the expected value of the prior. In contrast, if n; is high,
firm i relies more on the signal to update the prior belief. n; € [0,1) because e; > 0.
Hereafter, I refer to 7; as the precision of the signal and work with 7;.”

Each firm ¢ decides whether to disclose the acquired signal &;. In order to make the
analysis tractable, firm i’s disclosure policy is represented by 6; € [0, 1]. In particular,
firm i chooses probability 6;: signal & acquired by firm ¢ is truthfully and publicly
disclosed with probability 6;, and concealed with probability 1 — ;.8

The timeline of the model is as follows. First, each firm ¢ chooses its own disclosure
policy 6;. Second, each firm ¢ chooses the precision of the signal. As stated above, acquir-
ing signal &;, the precision of which is 7;, costs K;(n;). Then, each firm i receives signal
&, which is publicly disclosed or concealed according to the precommitted disclosure
policy ;. After observing the signal, each firm ¢ simultaneously chooses the quantity of
product ¢;. Note that signal &; of firm j is also observed by firm ¢, if disclosed. Finally,
products are sold on the market and each firm ¢ earns the profit, denoted by m;. In
terms of the amount, the final payoff for firm ¢, denoted by II;, is calculated by sub-
tracting the information acquisition cost K;(n;) from the profit earned on sales 7;, that
is, Il; = m; — Ki(n;).

In the sequence of events, both firms are assumed to commit themselves to disclosure
policy before they acquire and observe the signal. Suijs and Wielhouwer (2014) point
out that the precommitment assumption is justified in several settings. For example,
it is likely that firms cannot strategically reconsider the disclosure policy on a case-by-
case basis in settings where disclosure requires considerable changes in the information
technology (IT) infrastructure or governance structure. In addition, the analysis of this

ex ante setting makes it possible to examine the regulatory implications clearly.

"This definition about the precision of the signal is consistent with that of Ganuza and Jansen (2013).
The information criterion of Ganuza and Jansen (2013), called Integral Precision, is based on “the
principle that an information structure ... is more informative (more precise) than another if it
generates more dispersed conditional expectations” (p.850).

8Ganuza and Jansen (2013) also use this formulation for the disclosure policy of the firm for the
same reason as I do. See, Ganuza and Jansen (2013, p.850, footnote 9). As we will see in the
following sections, corner solutions (i.e., §; = 0 or 1) arise according to the types of information and
competition in voluntary disclosure settings. That is, in equilibrium, the signal acquired by each
firm 4 is fully disclosed or completely concealed.



I assume that both firms are risk neutral and maximize their own expected payoffs.

In the next section, I will solve the model backward.

3 Equilibrium Strategies

3.1 Quantities of Products

Each firm chooses the quantity of product in order to maximize the expected profit con-
ditional on available information.” There are three possibilities: (i) both firms disclose,

(ii) only one of the two firms discloses, and (iii) neither firm discloses.

3.1.1 If both firms disclose

Consider case (i): both firms disclose. In this case, both firms can condition their
production decisions on both signal values. Hence, firm ¢’s quantity can be denoted by

¢:(&,&;) and firm i chooses its quantity in order to maximize the expected profit.'”

Jnax, El(@+ Aa; + Aaj — ¢i(&, &) — 745(85:6)) (&, 6185 &l

1, =1,2, i#j. (6)

The first-order condition of the maximization problem of (6) gives the following best

response function for firm 7.

Ela + Aa; + Aoy —vq;(&5, &) — 26i(&,5)16, &) = 0

= G= %(54 +E[Aqil&] + E[Aay[&] = 7Elg; (& )6 &11)- (7)

Note that if we substitute the above first-order condition into the objective function (6),

the expected profit of firm ¢ can be calculated as the square of its quantity. The best

9Note that the information acquisition cost is sunk at this stage.
10Tt is assumed that a firm cannot add noise or bias to its private signal when disclosing it. In addition,
it is assumed that a firm knows the precision of a rival firm’s signal if it is disclosed.

10



response function of each firm yields the following optimal quantity choice.

1
@&, &) = m(@ + m:i&i). (8)

As superscript d denotes disclosure, the two superscripts dd in (8) denote disclosure by
firm ¢ and firm j, respectively. Similarly, I use the superscript ¢ to denote nondisclo-
sure. The ex ante expected profit of firm ¢ can be calculated using the law of iterated

expectations and the fact that the expected profit of firm ¢ is the square of its quantity.

E[r"] = (Blg{"(&, &)])* + Var[g{(&. &)]

= (2+—17)2(542 + sm; + sn5).- (9)

3.1.2 If only one firm discloses

Next, consider case (ii): only one of the two firms discloses. I assume that firm ¢ discloses
its signal and firm j does not. Then, firm ’s quantity is only conditional on its own
signal whereas firm j can choose its quantity using both signals. The maximization

problem for each firm is as follows.

glé_}){E[(d + Aa; + Aay — ¢;(&) — 74;(&5, &) ai (&)1, (10)
max. E[(a@+ Aa; + Aaj — q;(&, &) — 7a:(6))a5(&5: 616 &5 (11)

By applying the same procedure as in case (i), solving the problems denoted by (10)
and (11) yields the following optimal quantity choice and the ez ante expected profit of

11



each firm.

a_ 1 o
g = 2+7(a+m£z), (12)
1 2

Qj}d =51 7(54 + ‘12“7nj£j + ni&i), (13)
1

E[’n—z{'i(b] = (2 n 7)2(0_52 + 877i>7 (14)
1 2 2

Binf) = Gl + s ) (15)

3.1.3 If neither firm discloses

Finally, consider case (iii): neither firm discloses. Each firm chooses its quantity condi-

tional on its own signal because the rival firm’s signal cannot be observed.

gl(?s)cE[(@ + Aa; + Ay — qi(&) — v4;(&5))ai(§)1&],

Ly=12, i#] (16)

Solving the problem denoted by (16) for each firm yields the following optimal quantity

choice and the ex ante expected profit of firm i.

¢’ = ﬁ(@ + HTVTH&), (17)
1 2 2
E[r?] = m(dQ + %Sm)- (18)

Combining the above three cases shows that the ex ante expected profit of firm ¢ when
it chooses the optimal disclosure policy can be expressed as follows.

E[m] =6:(0;E[x{"] + (1 - ;) E[r{"))

7

+ (1= 6:) (BE[] + (1 — 6;)E[x{")). (19)

)

Firm ¢ chooses the precision of the signal and disclosure policy in order to maximize the

expected profit in (19), taking into account the information acquisition cost.

12



3.2 Information Acquisition and Disclosure

Now, consider the optimal information acquisition and disclosure policy for each firm.
In the model, the firm’s information acquisition decision is treated as its choice of signal

precision. The maximization problem of firm ¢ is as follows.

i
Assuming that the optimal signal precision, denoted by 7}, is determined by the interior
solution, the following first-order condition is satisfied.'*

s S k

4_—5(1—77;)2 =0. (21)

From the first-order condition in (21), the disclosure policy of the rival firm, 6;, does not
affect firm ¢’s information acquisition choice. One can obtain the following proposition
about the interaction between information acquisition decision and disclosure policy by

applying the implicit function theorem.

Proposition 1. The optimal signal precision of firm i, 0}, is negatively affected by its

own disclosure policy, 0;, and is independent of the rival firm’s disclosure policy, 0;.

Proposition 1 shows that disclosure has a negative impact on firms’ activities to acquire
the disclosed information. In other words, firms acquire more (less) precise information
when the acquired information is concealed (disclosed).

Again using the implicit function theorem, the following comparative statics results

can be readily obtained.
Corollary 1. The optimal signal precision of firm i, 0}, s
1. negatively affected by the parameter of information acquisition cost, k,

2. positively affected by the magnitude of uncertainty, s, and

HNote that the second derivative of the objective function is —2k/s(1 — 7;)3; thus, the second-order
condition is satisfied because n; € [0,1).

13



3. negatively affected by the degree of substitution between its own and the rival’s

products, v, only when 6; > 0.

The first and second results in Corollary 1 are intuitive. When each firm chooses
signal precision, it must face a trade-off between the costs and benefits of acquiring
the signal. Therefore, it is obvious that the lower the information acquisition cost, the
more precise the signal acquired by the firm. In a similar way, the firm can obtain more
benefit from the acquired signal under large uncertainty because the signal is helpful to
mitigate the uncertainty and improve the firm’s production decision. Thus, the larger
the uncertainty, the more precise the signal acquired by the firm. The third result
in Corollary 1 is related to the disclosure policy. In fact, when firm ¢ precommits to
nondisclosure strategy, that is, #; = 0, the degree of substitution between the two firms’
products has no effect on the optimal signal precision.

Given that n; = 7}, firm ¢ chooses the optimal disclosure policy.
max B[1L (7)) = Elm(n7)] — K:(n7)- (22)

It is easy to show that the objective function in (22) is decreasing in 6; when 7} is
determined by the interior solution. By contrast, when n = 0, firm i’s expected profit

does not depend on #;. Thus, the following proposition is derived.

Proposition 2. Ifn € (0,1), the optimal disclosure policy of firm i is 0f = 0, that is,

nondisclosure. If nf =0, any disclosure policy is indifferent for firm 1.

This result is consistent with the findings of earlier studies, which demonstrate that
Cournot duopolists prefer not to disclose industry-wide information ex ante (e.g., Dar-
rough, 1993; Suijs and Wielhouwer, 2014).

The intuitions of Propositions 1 and 2 are explained as follows. Suppose that n* €
(0,1) and firm ¢ obtains signal > 0. This means that the market demand is likely to
be larger than the prior expectation. Thus, firm ¢ responds to the signal to increase its
product quantity. The inverse is true if the signal value is negative, that is, & < 0: firm

1 decreases its product quantity.

14



If firm ¢ discloses signal & > 0, then the rival firm j can observe it and also increase
its quantity. Because the quantities are strategic substitutes in a standard Cournot
competition, this means that firm ¢ increases its quantity but the increase in the quantity
is less than that in the nondisclosure case.!? Similarly, if firm ¢ obtains and discloses & <
0, firm ¢ decreases its quantity but the quantity is more than that in the nondisclosure
case because firm j also decreases its quantity by observing & < 0. This implies that
if firm ¢ discloses its private information, then the variance of its quantity decreases.
However, the profit of firm 7 is convex in its quantity; the ex ante expected profit of firm
1 becomes larger as the variance increases. Taken together, disclosure decreases the ez
ante expected profit by decreasing the variance of the quantity. Hence, each firm has no
incentive to voluntarily disclose its private information.

Now, consider the decisions about information acquisition. As stated above, the more
precise the signal of firm 4, the more heavily firm ¢ relies on the signal and adjusts its
quantity. This increases the variance of the quantity, from the ex ante perspective, and
thus increases the ex ante profit of firm . However, this benefit from acquiring a more
precise signal decreases if the acquired signal is disclosed because the rival firm j can
also use the disclosed signal and adjust its quantity in the same direction. Thus, the
variance of the quantity and the ex ante profit of firm ¢ decreases. This is why disclosure

has a negative effect on firms’ information acquisition decisions.

4 Welfare Analysis

In this section, I examine how the interaction between information acquisition and
disclosure affects social welfare. Following Suijs and Wielhouwer (2014), I consider
consumer surplus and total surplus as measures of social welfare. The utility func-
tion of the representative consumer is given by (1). I define consumer surplus as
CS=U(q1,q2) — Z?:l p;q; and total surplus as TS = CS +1I; +II,. By substituting the

inverse demand function given by (2) into the expression of the consumer surplus and

12See, Bulow, Geanakoplos, and Klemperer (1985) about strategic substitutes and complements.

15



taking expectations, the expected consumer surplus can be expressed as follows.!?

ECS =0;(0,ECS™ + (1 — §,)ECS?)

+ (1 — 6;)(;ECS? + (1 — 6,)ECS??), (23)

where
ECS% (21:77)2 (&% + sm; + sm;), (24)
ECS% = (21+ %2 (&® + sm; + %8%% (25)
ECS?? = (21:—77)2(&2 é?;_—_j;sm + sm;), (26)
ECS?? = 147 (a® (2+7)° s1; + é?l—i_—_l);snj). (27)

(2+7)? 8(1+7)

As in the former section, superscript d and ¢ mean disclosure and nondisclosure, respec-

tively. Similarly, the expected total surplus is given by

ETS =6;(6;ETS™ + (1 — 6;,)ETS%)

+ (1 — 6;)(;ETS?* + (1 — 6,)ETS*?), (28)

where
ETS% — ( 23 :_FJ) (@2 + sm; + ;) Zi: (29)
ETS™ — ( 23 :3) (@% + sm; + 8(( ik o) zi: (30)
ETS? = (23:—3)2(@2 + %sm + s1;) zi: (31)
ETS? = (23:—77)2(042 + ?;((2317)) sm; + 8<(3 - >) sn;) — 22: K;. (32)

=1

I3The derivations of the expected consumer surplus are presented in the appendix.

16



In preparation for the following analysis, first consider the effect of private signal pre-
cision on social welfare. Differentiating the expected consumer surplus and the expected

total surplus with respect to firm ¢’s signal precision gives the following lemma.

Lemma 1. Both the expected consumer surplus and the expected total surplus increase

with firm i’s signal precision, n;.

Now I examine the effect of disclosure on social welfare. As a benchmark, consider the
case where the precision of each firm’s private signal is constant, namely, 7 = 17, = 7.

An easy calculation leads to the following lemma.

Lemma 2. If the precision of each firm’s private information is constant, that is, n, =
N2 = 17, both the expected consumer surplus and the expected total surplus are (weakly)

increasing functions of firm i’s disclosure policy, 0;.

Notably, excepting the trivial case where firms’ private signals have no information
content, that is, = 0, disclosure enhances both the expected consumer surplus and the
expected total surplus. This indicates that disclosure per se has a positive impact on
social welfare, which is consistent with the result of Suijs and Wielhouwer (2014).
However, the situation changes when the precision of each firm’s private information
is endogenously determined. In this case, following Ganuza and Jansen (2013), the effect

of disclosure on the expected consumer surplus can be decomposed as follows.

OECS OECS OECSOn: OECSn;
- + Ty Uy (33)

The first term of (33) exhibits the direct effect of disclosure on the expected consumer
surplus. Assuming that n* is determined by the interior solution, this direct effect is
positive, that is, OECS/d6; > 0 as in Lemma 2. On the other hand, the second term of
(33) expresses the indirect effect in the sense that this captures the effect of disclosure
on the expected consumer surplus through the change in firm’s information acquisition
decision caused by disclosure. As shown in Lemma 1, the expected consumer surplus

is an increasing function of firm i’s signal precision, that is, OECS/0n; > 0. However,

17



Proposition 1 shows that disclosure negatively affects firm i’s optimal signal precision,
namely, dnF/00; > 0. Thus, as a whole, the indirect effect becomes negative. The third
term of (33) is zero because dn;/00; = 0, as shown in Proposition 1. Taken together,
disclosure has two effects on the expected consumer surplus: the positive direct effect
and the negative indirect effect.

The effect of disclosure on the expected total surplus can also be decomposed as

follows.

OETS  9ETS N OETS on; N OETS On;
00, 00, on; 06 on; 00;

(34)

By applying the same procedure, one can immediately show the following. First, assum-
ing that n* is determined by the interior solution, disclosure has a positive direct effect
on the expected total surplus because JETS/06; > 0. Second, however, disclosure also
has a negative indirect effect because OETS/0n; > 0 but dn}/00; < 0. The last term of
(34) is zero because 95 /00; = 0. The above results can be summarized as the following

proposition.

Proposition 3. Disclosure of the signal that is privately and expensively acquired by
each firm has two types of effects on the expected consumer surplus and expected total
surplus: (i) the direct positive effect, which increases them and (ii) the negative indirect

effect, which decreases them.

Proposition 3 indicates that if the positive direct effect dominates the negative indirect
effect, then disclosure regulation will be effective and socially desirable. This is because,
as shown in Proposition 2, each firm has no incentive to voluntarily disclose its own
private signal but disclosure enhances social welfare.

In order to evaluate the effectiveness of the disclosure regulation, I focus on the two
extreme cases: (i) perfect disclosure (#; = 6, = 1, denoted by superscript D) and (ii)
nondisclosure (6; = 03 = 0, denoted by superscript N).

Consider the optimal signal precision in the case of perfect disclosure. From (21), the
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first-order condition is given by

OE[IL,] s k
on; le=0,=1  (2+7v)?% s(1l—mn;)? (35)
Because n; € [0,1),
s@EVE < st
W=y e (36)

Similarly, for the case of nondisclosure, the first-order condition is

o lo=o,=0 4 s(1—n)? 0 (37)
and
5— : s?
o =RE k<,
i = (38)

Apparently, the optimal precision of the signal that firm ¢ acquires is always higher under
nondisclosure than under perfect disclosure except for the trivial case where n” = n =
0. In addition, notice that n” = 77]’-3 and Y = 775\7 owing to the symmetric structure of
the game.

Assuming that the optimal signal precision is determined by the interior solution, firm
1’s expected profit, expected consumer surplus, and expected total surplus in the case

of perfect disclosure are calculated as follows, respectively.

@ 25— VR - 2+)VE)

(2+7)? (24+7)%s ’

B[P = (30)

el

ECSP =
(24 7)?

(@ +2(s — (2+)VE)), (40)
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2k(2+7)2 — 25VE(2 4+ ) (4 + )
(2+7)%s

3t

ETSP =
(24 7)?

(a® +2s) +

. (41)

Similarly, firm ¢’s expected profit, expected consumer surplus, and expected total surplus

in the case of nondisclosure are calculated as follows, respectively.

Ny _ a’ (s — 2\/E)2
E[I}] = 2+7) + 1s ; (42)
N Iy s 24— 2VE)
ECSN = (2+7)2( T ), (43)
BTSN — 3T 35> + 8k — 10sVk (44)

2+ 4s

Notice that when &k > s*/4, the optimal precision of the signal becomes 7 = n =
nY = n) = 0. Thus, the signal has no information content and disclosure does not
affect social welfare. Consider the case where k < s%/4. Previous studies show that
mandatory disclosure resolves the prisoner’s dilemma and increases both firms’ expected
profits when their products are not good substitutes (e.g., Darrough, 1993; Suijs and
Wielhouwer, 2014). However, the comparison between the equations (39) and (42)
indicates that nondisclosure is still desirable for both firms even if their products are not

good substitutes. In particular, the condition regarding whether disclosure regulation is

desirable from the perspective of each firm is described as follows.

(4 —4y —?)%s”

16(1—7)2(2+7)*
0<y<2v/2-2 and G0 < <o

E[H?] < E[Hiv] if 16(1—7)2(24+7)2 7 (46)
2V2—-2<~v<1 and k<<

s
T

E[IP] > EMY] if 0<y<2v2-2 and k<

More salient results can be viewed with regard to the expected consumer surplus and

expected total surplus. Proposition 3 argues that disclosure has a positive direct effect
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and a negative indirect effect on the expected consumer surplus and the expected total
surplus, respectively. The analysis demonstrates that there exists a situation where the
negative indirect effect dominates the positive direct effect, that is, disclosure decreases

social welfare on the whole. In particular, the conditions are as follows.

(4 +4y —7%)%s*

ECS? > ECSY if 4
CS” > ECS™ i k<4<2+7)2(2+37)2, (47)

. 4+4’7—’}/2)282 82
ECS? < ECSY if ( <k< = 48
- IR ECEE e "

, 12 — 4y — 37?)2s?

ETS” > ETSY if & ( 4
S¥ > S i < 4(6—7)2(2+7)27 (49)

L (12 — 4y — 3792)%s? s

ETS? < ETSY if ( <k< .
S¥ < S i 16122+ ) <k< 1 (50)

These results contrast sharply to those of previous studies, which treat firms’ private
information as exogenous. As shown in Lemma 1, if the precision of the private signal is
constant, then disclosure always increases both the expected consumer surplus and the
expected total surplus. However, if the precision of the private signal is endogenously
determined, disclosure has a negative impact on the signal precision and deteriorates
firms’ internal information environments. This negative impact of disclosure on signal
precision decreases the expected consumer surplus and expected total surplus. In some
situations, this negative indirect effect dominates the positive direct effect, and disclosure

¢

regulation leads to “unintended consequences,” such that it decreases social welfare on

the whole.

5 Conclusion

Although some researchers argue that management accounting systems (internal re-
porting) and financial accounting systems (external reporting) are closely linked, little
is known about the interaction between them. This paper provides theoretical insights

into this topic by investigating the interaction between firms’ information acquisition
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decisions and disclosure of the internally acquired information. In particular, this pa-
per builds upon a standard duopoly model with uncertainty and attempts to answer
the following questions. How does disclosure affect firms’ information acquisition deci-
sions? How does the interaction between information acquisition and disclosure affect
social welfare? By answering these questions, I hope to improve our understanding of
how regulatory arrangements for external reporting affect firms’ internal information
environments and to evaluate the effectiveness of the disclosure regulation.

Specifically, this paper focuses on the setting where two firms compete in quantities,
that is, Cournot competition under industry-wide demand uncertainty. Previous analyt-
ical studies show that although Cournot duopolists commit to nondisclosure of private
information relating to industry-wide uncertainty, mandatory disclosure can enhance
social welfare. However, the analysis shows that mandatory disclosure is not always de-
sirable in the setting where firms’ private information is endogenously determined. This
is because disclosure has a negative effect on firms’ incentives for acquiring private in-
formation through internal information systems. That is, when disclosure is mandated,
firms acquire less precise information compared to the case where acquired information is
not disclosed, and hence, their internal information environments are deteriorated. This
can lead to “unintended consequences,” such that disclosure regulation strictly decreases
social welfare. In particular, this paper identifies the two effects on social welfare caused
by mandating disclosure: (i) the direct positive effect, which increases social welfare as
shown in the prior studies, and (ii) the negative indirect effect, which decreases social
welfare through the deterioration of firms’ internal information environments. In fact,
there exists a case where the negative indirect effect dominates the positive direct effect,
that is, mandatory disclosure decreases social welfare on the whole. This result is in
sharp disagreement with that of prior studies and suggests that disclosure regulation
might fail to achieve the intended goal of enhancing social welfare.

This paper suffers from several limitations. For example, in the model analysis, I
assume that a firm cannot add noise or bias to its private signal when disclosing it. I

also assume that a firm knows the precision of a rival firm’s signal if it is disclosed.
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These assumptions are somehow restrictive and might be relaxed in future research in

order to make the settings more realistic.

Appendix

Derivation of equilibrium strategies for Cournot competition with

industry-wide uncertainty

First, consider the case where both firms disclose their private signals. In this case,
both firms choose their quantities by observing signals & and §;. Thus, firm ¢’s optimal
quantity is denoted by ¢%(¢;,&;). Because information acquisition cost is sunk when

firm ¢ chooses its quantity, it solves the following maximization problem.

max E[r%|¢;, ¢
Qi(fi@j) [ 7 ’5 5]]

= (a + E[Aai|&] + E[Aq; €] — qi(8i &) — 745(855 6i))ai (i, &5)- (A1)

The first-order condition is given by

G,
7 FElgdde. . —
0qi(&,&5) mi1e 6 0 (.65) =00 (&:.65) 0
= a+ E[Aail&] + E[Aayl€] — 2¢7(6, §5) — va;(5,&) = 0. (A.2)

Observe that substituting (A.2) in the objective function yields

Elnf|&, &) = (¢f(&, €))% (A.3)

The second-order condition is satisfied as follows.

82

Do i gl =2 <0 (A4)
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From the first-order condition, one can obtain the following best response function for

each firm,
0(60 &) = 5(0 + Blalg] + Eldalg] - 14,(6,6), (A5)
0,(6.6) = i @+ E[Aaé] + B[Aale)] 146, 5) (A.6)

where ¢; (¢;) is firm ¢’s (firm j’s) conjecture of the quantity produced by firm j (firm 7).
Notice that
Cov[Aqy, &] s

Var[ﬁ,-] (fz - E[fz]) = s+ e

E[Aa;|&] = E[Aa] + & = ni&i- (A.7)

Assume the following linear (or strictly speaking, affine) strategy for each firm (Raith,
1996, Prop.3.1).

@&, &) = Ay + A& + AL, (A.8)
QJ(é-jafz) AJ + A é-] + Al 5@ (AQ)

Notice that ¢;(&,&;) = G:(&, &) and q;(&;,&) = 4;(§;,&) because both firms can observe
signals & and ;. From equations (A.5) to (A.9), one can obtain

2(A) + ALE + AYE) = a+ mi&s + &5 — (N+A@+A§) (A.10)
(Aj + A §J + A3 fz) =a+ 7715] + ni& — (Al + A 1&i + Al 5]) (A-H)

Comparing both sides of (A.10) and (A.11), and solving the simultaneous equations

yields the following optimal quantity choice for each firm.

q;id(fmfj) =

1
5T 7(07 + m:& + 155, (A.12)

¢(&,&) = +%a+m§+m@ (A.13)

Now, consider the expected profit before observing the signals. Using the law of
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iterated expectations and equation (A.3),

B[] = E[E[x%|¢;, &]]

= (Blgf" (&, &)))* + Varlgi(&, &))-

Notice that

Blg(66)] = 375
and
Varlgf (6. 6)] = s (2Var] + v Vauy)
1
BCEZ A
Thus,
E[r%] = CEE (@ + sm; + sm;),
E[r}’] = (&% + snj + sm:)-

(2+7)?

(A.14)

(A.15)

(A.16)

(A.17)

(A.18)

Applying similar procedures helps us derive the optimal quantities and expected profits

for the other cases. Next, consider the case where firm ¢ discloses &; but firm j withholds

&;. Then, firm 7 can only use signal & and firm j can use both signals & and §;. Firm

1’s optimal quantity is denoted by qf ¢(§Z) and firm j’s optimal quantity is denoted by

q;bd(é’j,fi). The first-order conditions for the profit maximization problems yield the

following best response functions.

#(&) = 5(6+ Elbaile] —70,(6,€),
5(6.6) = £ (@ + Bldai&]E[Aa 6] ~ 1d(6).
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Assume the following linear strategies.

(&) = AE + Aifu
q; (&, &) = Al + Alg; + Alg,.

(A.21)
(A.22)

Because firm ¢ cannot observe the realized value of ¢;, its conjecture about firm j’s

quantity is
G(&5, &) = Ay + AE[E] + A38; = Af + AE.
Therefore,

2(A) + AL&) = a+ mi& — ’y(Aé + AJQEZ’)?

2(AL + Al + A)) = a +ni&s 4+ & — (A + ALE).

Solving the simultaneous equations yields the following optimal quantities.

1
ngﬁ(&) = m(d + ni&i)
078, &) = ﬁ <O7 + HTVT)J‘@ + 7]i§i> :

The expected profit before observing the signal(s) can be calculated as follows.

E[r{’] = (Elg;*(€)])* + Var[g* (&)]

1 ~2
- o 7)2(a + sm;),

E[r?] = (El¢"(&,&)))? + Var[¢)*(&, &)

2+7)?
(d2+( 47) sm—l—sm).

T (2+9)?

(A.23)

(A.24)
(A.25)

(A.26)

(A.27)

(A.28)

(A.29)

Finally, consider the case where both firms do not disclose their signals. In this case,
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each firm can observe only the realization of its own signal. Thus, the optimal quantity
of each firm is denoted by ¢’?(¢;) and qj’d’(fj). The first-order conditions for the profit

maximization problems yield the following best response functions.

w(6) = (@ -+ Eldails] - 1d,(6), (A.30)
5(&) = 5(6+ Eldaylg] — 10i€) (A31)

Assume the following linear strategies.

(&) = Ay + A&, (A.32)
q;(&) = A) + Alg;. (A.33)

Because each firm cannot observe the realization of the rival’s signal, the conjectures are

as follows.
§;(&) = Ap+ AE[g) = A, (A.34)
G:(&) = Ay + AE[G] = Aj. (A.35)
Hence,
2(A5 + Al&) = a+ ni&i — VA, (A.36)
2(A5 + Alg) = a+ & — A (A.37)

Solving the simultaneous equations yields the following optimal quantities.

g’ (&) = ﬁ (Of + HTPVW&) ; (A.38)
1 2
¢° (&) = 1o (Oé + %%’5]’) : (A.39)
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The expected profit before observing the signal can be calculated as follows.

E[r{’] = (Elg{”(&)))* + Varlg{* (&)]

__1 5 (247)7
RRCESE (a + Tsm) : (A.40)

E[r7°) = (Elg;”(&)])* + Varlg)® (&)]

1 o (2492
BCER)E (“ T S’”)‘ i

Proof of Proposition 1
The ex ante expected profit of firm ¢ can be expressed as follows.

B[] =0;(0,E[r{] + (1 — 6;)E[x{*])
+ (1= 6,)(6;E[x%"] + (1 — 6,)E[x?]). (A.42)

)

Firm ¢ chooses the precision of signal &; in order to maximize its ex ante expected profit.

max E[m;] — K;(n;)

4
kn;

= E[m] — m (A.43)
If we assume interior solution 7}, then the following first-order condition holds.

O (Bl - K| =0

on; =1

= eiﬁ +(1- 92-)451 - ﬁ ~0. (A.44)
Observe that the second-order condition is satisfied as follows.

S Bl = )| = <o (.45
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We define

F=6—"_ 4(1-6)° i

I o

The first-order condition requires F' = 0. Applying the implicit function theorem,

oy OF/00;
90, OF/on:
Y(4+7)s* (L —n;)?

8k(2 + v)?
<0, (A.47)
oy OF/,
06;  OF/on;
— 0. (A.48)
[
Proof of Corollary 1
Applying the implicit function theorem,
onf  OF/ok
ok OF/on;
I ]
2k
<0, (A.49)
oy OF/0s
os  OF/on;
(A= )EEQR + ) +45°(1 = np)* + (4 +9)s* (1= ) (1 = 6))]
B 8k(2 + v)2s
> 0, (A.50)

29



on;  OF/0y
&y  OF/on:
s*(1 = nf)°0
R

,  with equality if and only if 6; = 0.

<0

Proof of Proposition 2

Direct calculation shows that

O _ sy
6, (E[m] KZ(nz>|m:n{‘) = 4(2‘|’7)2 <0.

Derivation of the expected consumer surplus

From the definition of the consumer surplus,

1
CS = alq + q2) — 5(61? + 43 + 2Yq142) — Prq1 — Pato-

Substituting the inverse demand function into the above equation,

1
Cs = 5(9% + 45+ 27q12).
Taking expectations for both sides of the above equation,

BCS = £ (Bl¢?] + ElgZ] + 21Elnuas]).
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Consider the case where both firms disclose their private signals. Then,

BOS™ = 2 (Bl(g/ (6 &) + Bl(a(€, )] + 20Bl(6 €)1 (65, &))
= 2 (B[] + Blr) + 29l (6 &6, &) (4.56)

Observe that

Elq (&, &) q]" (&5, 6)]

_p| 1 (@+mi& + njﬁj)L(d + ;&5 + mi&i)

2+ 2+~
= E[(¢/(&, €))% (= El(¢]"(&,&))%)
=E[r{] (=E[r]). (A.57)
Therefore,
aa_ L1+v 5
ECS™ = m(a + sm; + sn;). (A.58)

Next, consider the case where firm ¢ discloses &; but firm j withholds ¢;.

ECS™ = %(E[(Qf ?(€))°] + El(g5 (&, €))°) + 20Elg;” (&)a}" (&5, €)))

= £ (B[] + B[] + 29Elg (€)a}(65,€)) (4.59)

Observe that

Elg*(&)q)" (&5, 6))
247

1 1
=E ;:¢d+m®§:;@+—§—%&+m@
1 B 1
BICETIERN e Ea
1
= G @ e (4.60)
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Therefore,

Aty

ECS® = (2 +9)2 (@ + sm; +

s1;)- (A.61)

Finally, consider the case where both firms do not disclose their private signals.

ECS? = %(E[(q?q’(&))?] + El(q57(6))%] + 29Elg* (€)a7* (&)])

= 2 (B[] + Eln??] + 2vBlg (€)a &) (A62)

Observe that

_ 1 247y 1, 247
=E 2_’_7(04"’_ 5 77151)2+7(O‘ 9 77;5;)
1 _
Therefore,
1+ 5, 249)? (24 7)?
ECS? = — ' _(a® + ; + ————51n;). A.64
Zrr® Taar ™ Ty (469

Proof of Lemma 1

For the expected consumer surplus, direct calculation shows that

OECS _ ((2+7)°+ (4+4y —°)0)s

an S+ ) > 0. (A.65)

For, the expected total surplus, direct calculation shows that

OETS (24 7)*(3s*(1 —m)* — 8k) + (12 — 4y — 3v%)s*(1 — 1,)%6;
o 8(2+7)%s(1 —m)?

>0, (A.66)

because when k > (3s%(1—1;)?)/8, ; does not have the interior solution and nf = 0. [
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Proof of Lemma 2

Differentiating the expected consumer surplus and the expected total surplus with re-

spect to firm ¢’s disclosure policy 6; given that 1 = 1, = 7,

OECS _ (A44y—9P)sq -0
00;  \ni=n;=n 8(2+~v)2 7
with equality if and only if 7 = 0. (A.67)
OETS (12 —4y —39%)s7 -0
00, ny=n;=n 8(2 +7)? 7
with equality if and only if 77 = 0. (A.68)
O
Proof of Proposition 3
Proposition 3 is already proved by Proposition 1, Lemma 1, and Lemma 2. O]
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