T.R.
GEBZE TECHNICAL UNIVERSITY
INSTITUTE OF SOCIAL SCIENCES

INFORMATION SHARING IN MIXED OLIGOPOLIES

SADIK HAZER
MASTER’STHESIS
DEPARTMENT OF SCIENCE OF STRATEGY

GEBZE
2017



T.R.
GEBZE TECHNICAL UNIVERSITY
INSTITUTE OF SOCIAL SCIENCES

INFORMATION SHARING IN MIXED
OLIGOPOLIES

SADIK HAZER
MASTER’STHESIS
DEPARTMENT OF SCIENCE OF STRATEGY

THESIS SUPERVISOR
YRD. DOC. DR. SADETTIN HALUK CiTCI

GEBZE
2017



'3

YUKSEK LiSANS TEZI JURi ONAY SAYFASI

NG

GEBZENS,

TEXNiK GadyERsiTes!

GTU Sosyal Bilimler Enstitiisii Yénetim Kurulu’nun 18.01.2017 tarih ve 2017/01
sayill karariyla olusturulan jiiri tarafindan 24.01.2017 tarihinde tez savunma smavi yapilan
Sadik Hazer’in tez galigmas: Strateji Bilimi Anabilim Dalinda YUKSEK LISANS tezi olarak
kabul edilmistir.

JURI

UYE
(TEZ DANISMANI) : YRD.DOC. DR. Saadettin Haluk CITCI .
UYE © DOC. DR. Hiiseyin KAYA Mj

UYE : YRD. DOC. DR. Kurtulus DEMiRKO%D R - S
ONAY
GTU Sosyal Bilimler Enstitiisii Yonetim Kurulu’nun ......... AL 48 /20... tarih ve
............... fusssssinnons BAYII Katart,
IMZA/MUHUR

FR 019/Rev.00/Rev. Tarihi:- /Yayin Tarihi: 01.03.2005



OZET

Hem kamu hem de 06zel firmalar iceren karma oligopoller gelismis ve
gelismekte olan iilkelerde yaygindir. Bircok sektorde devlete ait kamu firmalart ve
Ozel firmalar birbirlerine kars1 rekabet eder. Karma oligopollerde, kamu firmalart hem
kendi karmi1 hem de sosyal refah1 dikkate aldig1 i¢in sadece Ozel isletmeleri igeren
oligopollerden farklidir. Diger bir taraftan, karma oligopollerle ilgili tartismanin
merkezinde rekabet halindeki firmalarin belirsiz ortamlardaki stratejik davranislari

vardir.

Bu calismada, kamu ve 0zel sektor firmalar1 iceren karma oligopollerde
maliyet belirsizligi karsisinda bilgi iiretme ve paylasma durumlarinda denge
sonuglarini analiz etmeyi amaglamaktayiz. Kamu ve 6zel sektoriin, bilgi paylasiminda
tesvikler olup olmadigi, saf stratejilerde denge sonuglarinin ortaya ¢ikip ¢ikmadigi ve
sosyal refahin firmalarin bilgi paylasim kararlarindan nasil etkilendigi cevaplamaya

calisiimustir.

Anahtar Kelimeler: Karisik oligopol, bilgi paylasima, bilgi iiretimi, Kamu firmalari,

ozel firmalar



SUMMARY

Mixed oligopolies involving both public and private firms are common in both
developed and developing countries. In many sectors, state-owned public firms and
private firms compete against each other. Mixed oligopolies differ from oligopolies
involving only private firms in that public firms in mixed oligopolies take both its own
profit and social welfare into account. Among other issues, a central debate on mixed

oligopolies is the competing firms’ strategic behaviors under uncertain environments.

In this study, we aim to analyze equilibrium outcomes in mixed oligopolies
when public and private firms can produce information and share information on
uncertain cost. We attempt to answer whether public and private firms have incentives
to share information, which equilibrium outcomes emerge, and how social welfare is

affected by the information sharing decisions of firms.

Key Words: Mixed oligopoly, information production, information sharing, share

information, public firm, private firm
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1. INTRODUCTION

Nowadays, there are common expressions that everyone has known and said:
“Information is power, knowledge is power”. This is certainly true in the economy as
it is in many fields. Having the information, also, means having the power at the same
time. However, sharing the information might be an advantage or disadvantage for the
competitors. Therefore, there are many studies about the information sharing in the
economy for different kind of markets. They use different assumptions and
environments. However, as far as we know there is no study about information sharing
in mixed oligopolies.

In developing and developed countries, mixed oligopolies become important
because of the privatization and liberalization of the market by the governments.
Mixed oligopolies is a kind of economy that there are at least one public firm and one
private firm compete with each other. There are a lot of example in different sectors
about mixed oligopolies, for example, in the network sector transportation,
broadcasting, telecommunication, mail and in the energy sector gas and electricity and
in the service sector insurance, banking, health care, education (Anam, Basher and
Chiang, 2007). In mixed oligopolies, private firms are profit maximizer but the public
firms try to maximize welfare. Therefore, in the mixed oligopoly the choices of the
firms and price, demand, or produced quantity equilibriums can be different from the
pure oligopolies.

Our study combines these two topics in the economy so there are two sides in
the literature. One of the topics is the information sharing. In the literature, there are
many papers that examine the effects of the information sharing. Generally, they are
interested in the private oligopolies under cost or product uncertainty with or without
product differentiation. The other topic that our study is related with is the mixed
oligopolies. Mixed oligopolies are also studied in the literature under different
environments with various uncertainties. The results clearly show that when a public
firm plays a role in the market the equilibriums become different from the private
oligopolies. However, none of the studies is about the information sharing in the mixed
oligopolies.”

Under which conditions, do private and public firms competing in the same

market have the incentive to produce and honestly share information on their own



stochastic costs? In this paper, it is presented a mixed duopoly model involving a
private and a public firm with stochastic cost functions. The private firm is the profit
maximizer but the public firm is the welfare maximizer because its concerns are about
the utility and the social surplus. They both have two choice, one of them is to produce
information about the uncertain cost and the other choice is to disclose the produced
information.

As it is mentioned at the beginning “information is the power”. Therefore,
generally, obtaining the information is the best interest for firms. Our results do not
controvert this intuitive argument. However, previous studies about the information
sharing indicate that it is the best interest for both firms to disclose their cost functions,
generally. Differently from results established for information sharing in private
oligopolies, under certain circumstances, both the private and welfare-maximizing

public firm have incentives not to disclosure information.



2. LITERATURE

By lots of historians, the period that we lived in is described as “information
age”. In the “information age”, information and information systems have been
examined in the economy as well as in many fields. The term "information sharing"
in the economy means that sharing and acquiring information and examination of its
effects in a certain market. Xavier Vives (Vives, 1990) explains the history of

information sharing as follows:

“This literature had an early start with Ponssard (1979) and was continued by
Novshek and Sonnenschein (1982), Clarke (1983), Vives (1984), and Gal-Or (1985),
among others. The problem is that oligopolistic interaction seems to lead to case-by-
case analysis.”

The research in the literature is mostly for pure oligopolies and there is a little
research in mixed oligopolies. Vives (1984 and 1990), Shapiro (1986), Sakai and
Yamato (1989), Ganuza and Jansen (2013) have been studied about the welfare
analysis of information sharing in pure oligopolies. The assumptions and models that
are used vary from paper to paper. A wide range of assumptions has been investigated.

The differences can be listed in the literature as follows:

e Cournot and Bertrand competition
e Number of firms

e Oligopoly and Mixed oligopolies
e State of Nature

e Private Signals

¢ Revelation of signals

e Cost and Demand Uncertainty

e One or two-stage game

e Ftc...

In literature, research shows that even if the same kind of assumptions is used,
the results might be conflicted depending on the model. All of the work on information
sharing is strictly tied to the specific environment and initial assumptions.

In the following, some research examples in the literature of the information
sharing will be presented and the modeling assumptions and the equilibrium results

will be explained.



Clarke (1983) modeled a Cournot Oligopoly with the n number of firms on
demand uncertainty. It is discussed that how market uncertainty affects incentives to
collude and solution of a general Bayesian Cournot game model is introduced under
imperfect information. Also, a discussion about the welfare effects of the various
market outcomes is presented. The results show that universal information sharing will
not take place in a general "full Bayes-Cournot” equilibrium, except some certain
cases.

Vives (1984) published a paper about the information sharing in oligopolies
with two private firms. The results show that in a Cournot competition, information
sharing is not the optimal outcome if the products are close substitutes. However,
under Bertrand competition, information sharing is the optimal outcome for both
substitutes and complements.

Gal-Or (1986) argues that information sharing result in a better outcome for
firms in Cournot competition. Conversely, no disclosure gives a better outcome under
Bertrand competition. This result seems to conflict with established results in Vives
(1984), however, there is an important difference between models in these two papers.
Gal-Or (1986) derives equilibrium outcomes for competition under uncertain costs but
Vives (1984) assumes demand uncertainty

Fried (1984) develops a model for an oligopoly where two private firms
compete with each other in the Cournot market under cost uncertainty. His study has
two objectives. One of them is how producing information affects the profit of the
firms and the other one is whether produced information should be disclosed or not.
Fried (1984) shows that producing information is the best response for the both firms.
In addition to this result, he shows that sharing that information increases profits of the
firms.

Sakai (1986) also studied Cournot and Bertrand duopoly under demand
uncertainty and his results show that sharing information is the best choices for firms.
Similarly, Kirby (1988) information sharing in pure oligopolies under demand
uncertainty, but with assumptions of n number of firm and noisy environment. His
results differ from results established in Sakai (1986) for the Cournot competition.

Ganuza and Jansen (2013) examine effects of the information sharing in
oligopoly and how the welfare is affected by sharing acquired cost information. They

aim to use new methodological techniques and taking the new perspective of



information economics, which lets firms to extent to determine their information
structures.

As it is mentioned before Vives (1984), Shapiro (1986), Sakai and Yamato
(1989) have been studied the welfare analysis of information sharing in pure
oligopolies. There are some studies analyzing equilibrium outcomes in mixed
oligopolies under environments with uncertainty (e.g. Anam, Basher, and Chiang,
2007, Kitahara and Matsumura, 2013, Citci and Karakas, 2014) However, none of
these studies focus on the analysis of information sharing in mixed oligopolies. To the
best of our knowledge, this is the first paper analyzing information sharing incentives

of firms and equilibrium outcomes in mixed oligopolies.



3. THE MODEL

We formulate a non-cooperative mixed duopoly model involving a public and a
private firm. Both firms produce a single homogenous good in the same market. The
public firm is denoted by 1 and the private firm is denoted by 2 for all the model.
These two firms have the linear cost functions on uncertain marginal cost.

The cost functions are

Cost1=myq, (3.1)

Cost 2 = m,q, (3.2)

Where m, is the marginal cost and g, is the amount produced of the public
firm and similarly, m, is the marginal cost and g, is the amount produced of the
private firm.

Demand functions are assumed to be linear.
Py =A-d(q,+q2)
P,=A—-d(q:+q2)

Parameter A is a commonly known constant and d is normalized to 1 in the

model.! Prices of the products are
Pp=A-q—q (3-3)
Pb=4A-q—q (3.4)

Given demand functions, the profit function for the public firm can be

represented as follows.
[y =p1*xq—my *qq
Ii=(A-q1—qz) xq1 —myxqy
My =(A-my —q—q2) *q2
I, =0 —q1—q2) *q. —my whereC; =A—m,
I, = C1q1 — 41° — 412 (3.5)

To simplify the model, we define C; = A — m;, i={1,2} as the cost parameter.

The uncertainty of cost is referred as €, for public firm, and as C, for the private firm,

in the rest of the paper.

! The value of the constant term d does not affect qualitative results of the paper. Thus, without loss
of generality, it is normalized to 1.



Given demand functions, profit function of the private firm can be represented
asin (3.6).
[l =p2*q2 —my *q
M, =(A—q1—q2) xqz —my *q;
H,=([A-m;—q1—q2) xq2
N, =(C;—q1—q2) xq, where(; =A—m,
MM, = C2q2 — 42° — 4192 (3.6)

The nature of uncertainty is formed from parameters C; and C, which are
random variables. They have a known bivariate normal distribution R. Random
variable C; has the mean C; and variance V2. Similarly, random variable C, has the
mean C, and variance V.2. It is very well known from the probability theorem but it
would be nice to mention here that V? equals E[(C; — C,)?] . The covariance V,
equals r x V; =V, where r means the coefficient of correlation. The means, variances
and the covariance of cost parameters are common knowledge.

Both firms are risk neutral. The objective of the private firm is to maximize its
profit and the aim of the public firm is to maximize the social welfare. Welfare function
is defined by W = CS + PS where CS is consumer surplus and PS is producer surplus.

Before to explain welfare function, we need to define utility function of
households. The given demand functions can be derived from quadratic, strictly

concave and symmetric utility functions, which is specified as the following:

2
U, q2) = A * (qy + qp) — L2 (3.7)

2

Depending on this utility function, consumer surplus, CS, can be formulated as

the following:
CS =U(q1,92) — P11 — P292 (3.8)
By substitution
CS=Ax(q:1+qz) - @ — P19 — D242 (3.9)
Producer surplus is the summation of the profits of the firms.
PS =T, + I,
PS = p1g1 —miq1 +p2q; —myq; (3.10)

After proper substitutions, the welfare function can be formulated as the

following:



W =CS+PS (3.11)

(41 +42)*
W=Ax(q,+qz)— ! > 2 P191 — P292 T P1q1 — M1q1 +P2q; —Myq;
(q1+92)?
W=A4x(q;+q;)— e miq, —MmMyq; (3.12)

2

In this environment, it is assumed that firms play the two-stage simultaneous
game. Initially, each firm only knows distributions of cost functions (more specifically,
the mean, variance and covariance of the marginal costs). In the first stage, each firm
decides whether to produce information on its own cost and whether to share this
information with the other firm. Based on information they accumulated in the first
stage, firms decide the amount of quantity to produce in the second period.

There are three alternative choices for the public and private firm in the first
stage of the game. Each firm may use only the information on mean values and
variances of their costs, which are common knowledge, without any information
production on cost functions. This choice is assumed to be the default case because in
this case, each firm has no information about the exact value of its own cost and that
of the other firm. The second alternative is to produce information on its own cost
without disclosure of this information to the other firm. In this case, the firm has
information on the exact value of its own cost, but it does not share this information
with the other firm. The third and the last alternative is to produce information on its
own cost and disclosure this information to the other firm.

To explain in more detail, in the complete information case, in which each firm
produces information on its own cost and share this information with the other firm,
firms can decide the amount of production in the second stage with knowing the exact
value of the cost, the random variable C;, for each unit of production. However, if firms
produce no information on their costs in the first stage, they will have only information
on distributions of costs in the second stage and they have to give production decisions
based only on their estimations of cost functions.

The information set used by the firms are nominated as I, = (.,.) for the
public firm and I, = (.,.) for the private firm. Table 3.1 shows information sets for

all possible cases.



Table 3.1: Information sets for all possible cases

Firm 2 (Private firm)
Produce Produce and
Do not produce ) ) ]
Firm 1 ) ) information, disclosure
information ) ) )
(Public firm) no disclosure information
Case 1 Case 2 Case 3
Do not produce _ _ _
. . I; = (Cy,Cy) I; = (Cy,Cy) I; = (G, Cy)
information _ — —
I, = (C1,Cy) I, = (Cy, C) I, = (€4, Cy)
Produce Case 4 Case 5 Case 6
information, L = (€1, G) L = (€1, Gy) I = (C,Cy)
no disclosure I, = (C,Cy) I, = (Cy,Cy) I, = (Cy,Cy)
Produce and Case 7 Case 8 Case 9
disclosure I, = (C,Cy) I, =(Cy,Cy) I, = (Cy,Cy)
information I, = (€, C3) I = (G, ) L = (G, 6)

In order to guarantee for the positive amount of quantity production, we put

following limitations on C; and C, values:

20,=2C,>C, =0 (3.13)
2€,2C, > C; =0 (3.14)
C,=>C,—C,=00r C,+C, =2C,>C, (3.15)
C, =20, —C,=00rC,+C, = 2C; = C, (3.16)



4. RESULTS

4.1. Naming Convention

In order to clear understanding and categorize the formulations, the
nominations are made with certain names which are explained below.

“Case 1” is the main case that both firms do not produce information about
themselves. In this case, they both use the mean values and variances for the
calculations.

In “Case 2”, the public firm does not produce information but private firm
decides to produce information without disclosure. In this case, public firm and private
firms use mean value and variance about public firm but private firm uses his own
produced exact value in his calculations.

“Case 3” means that the public firm does not produce information but private
firm produces information and shares this information with the public firm. Therefore,
the public firm can use private firm’s produced and shared information as well as his
means and variance. The private firm uses his own produced information.

In “Case 4” firms change their roles in case 2. Private firm does not produce
information but public firm decides to produce information without disclosure. In this
case, public firm and private firms use mean value and variance of private firm but
public firm uses his own produced exact value in his calculations.

In “Case 5” is the special case. Both firms decide to produce information,
however, they do not disclose this information with his competitor. Because of that,
they do not know exactly what the other’s expectation. The solution of this case differs
from the other but it also converges.

In “Case 6” Public firm produce information but it hides it from the private
firm. Private firm produces information and share with the public one. In this case,
both firms use their own exact values. The public firm uses the private firm exact value
in expectations of private firm because the private firm shares it. However, private
firm does not know the public firm information so it uses its expectation.

In “Case 7” firms change their roles in case 3. The private firm does not
produce information but public firm produces information and shares this information

with the private firm. Therefore, the private firm uses public firm’s produced and

10



shared information as well as his means and variance. Public firms uses his own
produced information.

In “Case 8” firms change their roles in case 6. The public firm produces
information and share with the private firm. In this case, both firms know their own
exact values. The public firm uses the private firm exact value in expectations of the
private firm because the private firm shares it. However, the private firm does not
know the public firm information so it uses its expectation.

In “Case 9” both firms produce and disclose this produced information with
their competitors. In this case, they both use their known produced values in their

calculations.
4.2. Welfare and Profit Maximization

In this section, there are the calculations of the expected quantities for a certain
information sets for public and private firm. To remind, the public firm wants to
maximize the welfare function the private function want to maximize its profit

function.

4.2.1 Welfare maximization for public firm

+ 2
max lE(W“ﬂ =F <<A *(q1 +q2) — % —miq, — szz)

‘)

To find maximum quantity, the derivative of the function must be equal to zero.

E(Z—Z 11)=0

1 a.)2
z d<A *(q1 + q2) _%_mlfh —m2QZ)

CI12 Q22
d<A*Q1+A*QZ_T_%*QZ_T_WH% _mZQZ)
E

dq,

L|=0

E(A—m; —q; —qzlI})) =0
g1 = E(A—m; — q,|1,)
q1=(C,—q |I;) where C;=A—-m,

q1 = E(Cy |I) — E(q3)

11



Expected quantity for public firm for a certain information set
g1 = E1(C1) — E1(q2) (4.1)

4.2.2 Profit maximization for private firm

max [E( ML|I) =E (((A —q1—q2) ¥ g — My * Q2)|12)]

To find maximum quantity the derivative of the function must be equal to zero.

dil
E(qg2|2) =0
d((A—m, —q, —
E< (( m, d;{; CIz)*Qz) 12>:0

g (d(qu = mad; = %2° = 4195) ,2> —4
42

E(A—my;—qy—2%q;|l;) =0
A—m, —
0 =E(“—7—"|r,)
q, = (CZ_qu |11) where C, = A —m,
E(C; |I) — E(q1)
> = >
Expected quantity for private firm for a certain information set

_Ey(Gy) = Ex(qh) (4.2)
qz = >

4.3. Derivation of Equilibria

The best framework to achieve a converged equilibrium solution in this type of
models is the simultaneous-choice model. Simultaneous-choice model is explained in
detail by Cyert and De for the duopoly problems (Cyert, R. M. and M.H De Groot,
1970a). In this model, firms estimate what competitor’s beliefs is and decide quantities
according to this subjective probabilities. This is a kind of “I think that he thinks that
I think that he thinks...” model. It seems diverging but for certain cases, this chain can
be broken. Even if it is infinite, the equation converges.

q1 = E1(C1) — E1(q2)

B (G) - Ex(qw)
qa; = )

12



The solution of the public firm equilibrium quantity is where E; E,(x) public
firm’s expectation of private firm’s expectation about x. The detailed solution is given
in appendix 1.

q1 = E1(C1) — E1(q2)

E,(C;) — Ez(q1)
2

q1 = E1(Cy) — Eq( )

ElEZ(CZ ) ElEZEl(Cl) EIEZEIEZ (CZ ) E1E2E1E2E1(Cl)
+ — +
2 2 4 4
E1E2E1E2E1E2 (CZ ) E1E2E1E2E1E2E1(C1)
- +
8 8
_ E1E2E1E2E1E2E1E2(CZ )
16
The solution of the private firm equilibrium quantity is below where E;E,(x)

q1 = E1(Cy) —

private firm’s expectation of public firm’s expectation about x. The detailed solution
is given in appendix 1.
_ E;(C;) — Ex(q1)

az 2
_Ey(Gy) — Ex(E1(Cy) — E1(q2))
4z = >

_E(G)  EE ) 4 EE\E>(C)  E;EE;E(Cr) N EZE\E;E E;(C2)

2 2 2 4 4 8
B E,E\E,E{E;E (Cy)  E,E E,E{E;E E,(Cy)
8 16
| BEEEEEEE ()
16

To solve these infinite equations, intermediate members are defined for all
information cases except one. The case 5 (“produced information but no disclosure”)
cannot be solved by using these substitutions. Except for this case for all cases X1, Xz,

X3 and X4 can be defined as

X; = El(Cl )
Xy, = EZEl(Cl) = ElEZEl(Cl) = EzE1EzE1(C1) = E1E2E1E2E1(C1) =
X3 = Ez(cz )

Xy = E1E2(Cz) = EZElEZ(CZ) = E1EzE1E2(Cz) = E2E1EZE1Ez(Cz) =

13



X, and X, is expectation of the firm’s about expectation of the other firms.
Therefore, after a certain point all results will be equal for all cases except case 5. By
substitution, equilibrium quantity of public firm can be calculated by
E\E;(Cy) n E,E;E1(Cy) _ E\E;E1E5(C) n E\E;E E3Eq(Cy)

=FE —
q1 1(Cy) 2 5 4 4
ElEZElEZElEZ(CZ) E1E2E1E2E1E2E1(Cl)
- +
8 8
_ E1E2E1E2E1E2E1E2(CZ )
16
B Xo Xo X4 Xo X4 Xo Xy
e R R I I BT
=X, +X 1+1+ X +1+ +1
q1 = 41 2(2 273 ) 4(2 278716 )
(1+1+1 )_5:1_5:1 1 v 4
2 48 ) L2t L2to20 1T
=1 1=0 2
G1=qi =X1+X,—X, 4.3)

Similarly, equilibrium quantity of private firm can be calculated by
il EZ(CZ ) _ EZEI(Cl) + E2E1E2 (CZ ) _ EZElEZEl(Cl) + EZEIEZEIEZ(CZ )

1z 2 2 4 4 8
E;E\E;E ERE (Cy)  ERE EE1E;E1E>(Cy)
- n
8 16
| BEEEEEEE(C)
16
R LRI G Y
=5 ~XGrytgt ) TG rgte)
<1+1+1+1 )_511_511 1_ 1,
2 4 16 ) Lu2t L2t 20_1 1
i=1 =0 _7
1 1 1 1 w1 1 1 1 1
(—+—+— )=Z—= Lo q_Z==
478" 16 £ 20720 21 [ 1 22
=2 =0 2
X X
q2=q§=73—X2+74 (4.4)

14



Table 34.1: X1, X2, X3 and X4 values for all possible cases

Firm 2 (Private firm)

Firm1 Produce Produce and
Do not produce ] ] i
(Public ) ) information, disclosure
information ] . .
firm) no disclosure information
® Case 2 Case 3
S ¢ Case 1l _
3 'g — X1=X,=0 X1 =X,
s g X1 =X,=0( —
46 = _ X3=C2 :Cl+b2*AC2
[ 49 X3 == X4_ == Cz —
8 = X4:CZ X3:X4-:C2
© Case 4 Case 6
53 5 ; X1 = Cl Case 5 X1 = C1
S ® S r _
S E 2 X=0 Xy = C1 + by x AG
a 2 ° _
= 8 X3:X4:C2 X3:X4-:C2
Case 7 Case 8
T 4, € Case 9
g § % Xl = X2 = Cl X1 = X2 = Cl X X C
1 =42 =L
é % = X3 =X, X3 =0C
n (@) - —
e _s HE _ _ X3 == X4_ - CZ
o r— =Cz+b1*AC1 X4_=Cz+b1*ACl
4.4. Equilibrium Quantity Calculations

In this section, the equilibrium quantity values are derived for all cases

individually. Defined X1, X2, X3 and X4 will be used except for case 5 in these

derivations. For case 5, the main functions are used to find equilibrium quantities.

Detailed solutions for all cases can be found in appendix 2. Results are summarized in

Table 4.2.
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Table 4.2: Table of equilibrium quantities q:° and q2°® for all possible cases

Firm 2 (Private firm)

Firm1 Produce Produce and
_ Do not produce ) ) ]
(Public _ _ information, disclosure
information ) ) )
firm) no disclosure information
Case 1l Case 2 Case 3
q) — — — — —
S s qi = 2C, -G, q;i =2C,—C, | qi = 20, + 2b,AC,
o =
s £
o S .
S E .G — G| q
8 = - @=5—G+t5 _
q; =C, = (; = C, — C; — b,AC,
Case 4 Case 5 Case 6
q1 = C1 +C — G q1 q1
c =ZC_1_C_2 =C1+C_1+b2AC2
o
% o 2 — bl - CZ
% é TAG (2 - r2>
£ 3
g o
S 2 r *
Té 72 =0 -G 612_ L 92
o = —_— —
CZ Cl = Cz - Cl - bzACz
+AC (1 — bz)
2\2 -2
- Case 7 Case 8 Case 9
=) * * *
% ql q1 ql = 2C1 - C2
e —_— _
é = 2C1 - Cz == 2C1 - Cz - blAC]_
s ~ byAG
=
ke
A * «
e q; q; gz = C, — (4
-cgc = C_z — €y + b AC; G, G
> =S +5 -G
o 2 2
>
B8 b, x AC,
o 2
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4.5. The Excess Equilibrium Quantities’ Calculations

To compare results relative to “do not produce information” case for both firms,

the excess equilibrium quantities’ calculations are performed. The formulation is given

as

where g7 is the “excess” equilibrium quantity for public firm and g3 is the “excess”

equilibrium quantity for private firm relative to no information case equilibrium

7 =91 — T
q2+=q§—c‘12

quantity g, and g, respectively. Solutions are explained in detail in appendix 3.

Table 4.3: Table of equilibrium quantities q:* and q.* for all possible cases

Firm 2 (Private firm)

Produce and disclosure
information

a7 = (2 —by) xAG

a; = (by — 1) *AG

ai = (2—by) xAG

+

q;
_@cy)
2

by —2
+( : )Ac1

Firm1 Produce Produce and
) Do not produce ] ] )
(Public ) ) information, disclosure
information ] ) )
firm) no disclosure information
° Case 1 Case 2 Case 3
(&)
3 5 q =0 a1 =0 ai = (2b, — 1)
S ®
= + _AC * AC,
"5' 5 + QZ 2 i
g E gz =0 qi = (1 —by) * AC,
Q
Case 4 Case 5 Case 6
- 9 + — +
8 g a ql 1 qf — (2 — rz) ACl ql
S £ 4 — b
T g3 q =0 qz+=(2_r2)ACz q; = (1—by) *AG,
= g
Case 7 Case 8 Case 9

qf = 2% AC, — AC,

q; = ACZ - ACl




4.6. Welfare Calculation and Profit Calculations for the Public and

Private Firms.

After the equilibrium quantities are found, welfare and profit calculations are
performed at equilibrium quantities for all case. Firstly, the calculations are done for
the public firm to find welfare for all case. Also, excess welfare calculations are
calculated to compare the results. Secondly, public firm’s profits calculations are
completed. Similarly, excess profits are calculated for comparison of the results by

case 1 “No produce information”.

4.6.1 Welfare calculation for the public firms.

Welfare calculation are performed at equilibrium quantities for “no produce

2 6

information”, “produce but no disclosure information” and “produce and disclosure

information” cases for the public firm.

Remember the welfare function of public firm

(q; + q2)?
2

Expected welfare function can be calculated for an information sets I; = (.,.)

W=A4%(q +q;)— —myq, —MmMyq;

and I, = (., .) for equilibrium output quantities qf and g5 which are already calculated

)

in a certain information sets I, = (.,.)and I, = (.,.).

+
EWI|L) =E ((Aqf —myqf + AqS — myqs _ (g7 q3)* )

)

By substitution of C; = A —m, and C, = A — m, , it yields

EWI|L) = E((Cqu + Cpq¢ — (g1 + q3)* >

Table 4.4: Table of excess welfare W* quantities q:° and q° for all possible cases
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Firm 2 (Private firm)

Firm 1 _ _ Produce and
(Publi Do not produce | Produce information, discl
ublic isclosure
information no disclosure ) )
firm) information
Case 1 Case 2 Case 3
[«B] + 2 +
£t w*=0 W — % w
g_ g = (1-b)%Vs
8 g , BV
8 2
Case 4 Case 5 Case 6
2 + +
_ we W W
S i vy 2T - b
= (B} = S e —
£ 5 2 2(r2 —2)2 2 2/ 72
o O
8 S L 2(r2 - 2)?
>
IS - 3 —r?
[a 2V12 2(7"2 2)2
° Case 7 Case 8 Case 9
g wt wt w
i [
25 |7 _VEGh-6)b—2)| 3V}
= § 2 8 2
s E | +VPQ-b)?| 317 — VZ(1 - 2by)
B 8
a

4.6.2 Profit calculation for the private firms.

Profit calculation are performed at equilibrium quantities for “no produce

information

2
3

13

information” cases for the private firm.

Remember the profit function of public firm;

My=A-m;—q, —q2) *q;

produce but no disclosure information” and “produce and disclosure
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Expected profit function can be calculated for an information setsset I; = (.,.)

and I, = (., .) for equilibrium output quantities g5 and g5 which are already calculated

in a certain information sets I, = (.,.)and I, = (.,.).

E(IL|L) = E(((A —m; —qf —q5) *q5 )

By substitution of C, = A — m, , it yields

E(M11) = E (((C; — qf — a$) +q5 ) |1)

h)

E(IL|IL) =E ((Czqg - qsz - qqu) |11)

Table 4.5: Table of excess profit of private firm []2" at quantities q1° and g° for all

possible cases

Firm 2 (Private firm)
Firm1 : ] Produce and
Do not produce | Produce information, )
(Public ’ . . disclosure
information no disclosure ) )
firm) information
Case 1 Case 2 Case 3
c
o
5 85| m=o ne |
s 8 £ T4 = VZ(1 - 2b,)?
o s @8 2 2
=
- Case 4 Case 5 Case 6
o >
§ % § 1-[2+ =0 M,7 = V2 (1 — bZ)2 l_[2+ = sz(l - bz)z
s E B 2 = 'z (2 —r2)2
a & ©
[ o
-
= Case 7 Case 8 Case 9
_8 -g 1-[2+ 1-[2+ 1-[2+
g € | =ViA-b)* | =ViA-b)? = V(11—
g e V2(1-r?) + V(1 — by)?
a 3 4
3
o

20



4.7. Results

Table 4.6: Table of excess profit of public firm W™ and []2" the profit of the public

firm quantities q:° and g2° for all possible cases

Firm1 Firm 2 (Private firm)
(Public Do not produce Produce information, | Produce and disclosure
firm) information no disclosure information
Case 1 Case 2 Case 3
8 wt=0 3V# 3V32r?
S s wr == Wh=vE + =
° B
o
5 £ = 21
< E 2 M+ = V2 4 V22
] - m,*=0 M,* = = 2 =Vy+Vir
4 — 2V,
Case 4 Case 5 Case 6
143 wt 1+ 2r?
W+ - _1 W+ — V12
2 , 3-1° 2
- =Vi—
S 2 2(r2 - 2)? + V2
T 2 2
g § + V2 4-r — 2V,
E g Z(TZ - 2)2
o O 2
S e — 2V, 3—1‘
k] 2(r2 —2)2
a _
+_
IL,"=0 2 M,* = V2 + V2r2
Vi +VEr? =2V,
T 2y ~ N
Case 7 Case 8 Case 9
wt w+ 3¢
5 W= —=—2V;,
2 2 2 2
E L W X N I L P
g 2 12 2 2 12 + sz
E yz (3457
= 2\"8
3
2
o + 2 2.2 .t + 2
g " =V +Vir 2 " =Vy =2V,
2
§ - 2V12 _ Vlz n V22 1 + 3r + V12
S 4
e
o —2Vi,
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Payoff matrix for information production-disclosure gaming decision is given in
Table 4.6. Before the detail explanations of results, by the first inspection, if the
correlation coefficient between the cost functions is perfect (r = 1 or r # 1), there are
multiple equilibria in which both firms disclose their own cost functions or one of them
disclose, while the other does not. If r # 1, none of the firms disclosing its cost
function might also be an equilibrium. The payoff matrix of perfect correlation and

perfect anti-correlation is given in appendix 6.

Lemma 1: It is always best interest of the private firm to produce information
about its own cost function. Moreover, it is best interest of the private firm to disclose

its cost function in an environment where the following condition holds:

r>3% o p< B2 (4.5)

Z*Vl Z*Vl

Proof 1: To prove the first part of this lemma we need to show that profit of the
private firm while producing information is equal or greater than its profit while not to
producing information, given the public firm’s all possible choices. It means that profit
of the private firm in Case 2 > Case 1 (1a), Case 5 > Case 4 (1b) and Case 8 >
Case 7 (1c).

2

2
(1a) 0< e

VE+VErZ—2viVor (Vz—Vlr)z
(2-1r2)2 T\ 2-r2

(1b) 0<

2 2.2 _ 2 2 14312
(1C) V1 + VZ r 2V1V2T < V1 + VZ 2

— 2V1V2T
(1a) and (1b) clearly holds. (1c) holds because correlation coefficient is equal or

lower than 1. In other words;

1+3r2 yields 1+3r?
V2 +V2r: = 2V,V,r < VZ + V2 —2V,Vor — 12 <
1 2 1vV2 1 2 4 1V2

14372 .
And r? < —— is always true where —1 <7 <1

To prove second part of the lemma, suppose that (4.6) holds. There are three

conditions that need to be satisfied. These conditions showing that private firm’s profit
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while disclosing its cost function is greater than or equal to that of while not disclosing:
Case 3 > Case 2 (1d), Case 6 = Case 5 (1e) and Case 9 > Case 8 (1f).

2
(1d) VTZ S VZZ + V12T2 - 2V1V2r

2, 12,2 _ 2
le) Z *‘?2 irz)zfl"zr = (=) < V2 + V22— 20Vyr = (V, = Vir)?

2
(1f) Vlz + VZ 1+3r

2 4 - 2V1V27‘ S V12 + VZZ - ZVIVZT

(1e) and (1f) holds because correlation coefficient is between -1 and 1( —1 <
r < 1). For (1d);

yields 0 < (BVE = 2V,r)(VE — 2V,1)
- 4

V22 2 2..2
T S V2 + Vl re — 2V1V2T

Thus, (1e) is correct if (4.7) holds.

Lemma 2: In an environment where correlation coefficient of cost functions is
equal to or less than zero (r < 0), it is best interest of the public firm to produce

information about its own cost function and to disclose it.

Proof 2: If disclosure of information is best interest of the public firm, then
following equations should be correct: Case 1 < Case 4 < Case 7 (2a), Case 2 <
Case 5 < Case 8 (2b) and Case 3 < Case 6 < Case 9 (2¢).

vi _ 3¢ 2..2
(2a) 0< - <=t =2VVr +Vir
3V7 2 3-12 2 41 3-12 3V 2 (3+572
(20) 32 < VP o+ VS - aVor s < T - aviVpr + VE (R
2..2 2 2
(20) VZ + 5 —2viVor < VE(FED) 4 VE = 2V Vyr < R 20 Vyr + VZ

All these three conditions are true if the correlation coefficient is equal to or less

. . vZ _ 3VE
than zero. (2a) is obvious because —- < =% and the terms —2V,V,r and Vir? are

certainly positive. Welfare comparisons given conditions at (2b) and (2c) completes
the proof.
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Lemma 3: In an environment where the public firm cannot produce information
about its own cost function, the private firm is better off disclosing its own cost function
if and only if the (4.5) holds.

Proof 3: If the public firm cannot produce information, the private firm
decides among actions of which payoffs are represented at cases 1, 2, and 3.
Comparison of profits of the private firm at cases 1, 2 and 3 shows that its profit while

disclosing its cost function (case 3) is greater than or equal than that in cases 2 and 1.

Lemma 4: In an environment where the private firm cannot produce information

about its own cost function, the public firm is better off disclosing its own cost function.

Proof 4: If the private firm cannot produce information, the public firm decides
among actions of which payoffs are represented at cases 1, 4, and 7. Comparison of
welfare at cases 1, 4 and 7 shows that welfare while the public firm disclosing its

cost function (case 7) is greater than or equal than that in cases 4 and 1.

Lemma 5: If one of the firm discloses its own cost function, the other firm is also

better off disclosing its own cost function.

Proof 5: There is two part for this lemma. First, suppose that the public firm
discloses its cost function. We need to show that profit of the private firm while
disclosing its cost function is equal or greater than that yielding from other two actions.
That means the profit of the private firm in Case 7 < Case 9 (5a) and Case 8 < Case 9
(5b). Second, suppose that the private firm discloses its cost function. Now, we need
to show that welfare while the public firm discloses its costs function is equal or greater
than that while the public firm employing other two actions. That means welfare in
Case 3 < Case 9 (5¢) and Case 6 < Case 9 (5d).

(58) V12 + VZZTZ - 2V1V2T S Vlz + VZZ - ZVIVZT
2 2 14312 _ 2 2
(5b) VE+VEZT = 2V Vor S VEHVE = 2ViVyr
2..2 2
(5¢) VE + 2 —aviVr < - 2V Vr + V2
2 2
(5d) VE(FE) + V2 - 2viVor < 22— 2V Vor + V7
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14372

After simplifying inequalities; (5a) yields r? < 1, (5b) yieIdsT <1, (5¢c)

1+2r2
2

yieIds% < Z (5d) yields( ) < ; Now, it is clear that all equations hold for

(-1<r<1).

Proposition 1: Suppose that (4.5) holds. Disclosing own cost function for both
firms is an equilibrium of the two-stage game. Moreover, if correlation coefficient

between cost functions is imperfect (r # 1 or r # —1), this equilibrium is unique.

Proof: We can use lemma 1 and lemma 5 to prove the proposition. Lemma 1
shows that if (4.5) holds, disclosure information is weakly dominant strategy.
Moreover, if the correlation coefficient is imperfect, disclosure becomes strictly
dominant strategy for the private firm. Secondly, in the proof of lemma 5, it is shown
that if the private firm chooses the disclosure its cost function, disclosure becomes best
response of the public firm. Therefore, the equilibrium is case 9 where both firms
disclose their cost function if (4.5) holds.

Proposition 2: No disclosure of cost functions for both firms might be an
equilibrium only if the correlation coefficient is imperfect and the following condition
holds:

V2 3%V2
<r<
2xV1 2+%V1

(4.8)

Proof: If (4.6) holds, no disclosure is the best for the private firm (Case 3 <
Case 2). Comparison of welfare calculation of public firms in the same interval, there
are at least one region that no disclosure is, also, dominated strategy for the public
firm. If (4.7) holds, no produce information is the dominant strategy for the public

(Case 5 < Case 2 and Case 8 < Case 2).

JE <oy (4.9)
5 Vi

Therefore, if both (4.6) and (4.7) holds at the same time, case 2 becomes another
equilibrium which is different from the case 9. In other words, disclosure is not the

unique equilibrium anymore and no disclosure might be an equilibrium.
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5. CONCLUSION

In many sectors, state-owned public firms and private firms compete against
each other. Mixed oligopolies differ from oligopolies involving only private firms in
that public firms in mixed oligopolies take both its own profit and social welfare into
account. Therefore, strategic behaviors of the firms in the mixed oligopolies under
uncertain environment differ from the pure private oligopolies. In this thesis, we
examined how information sharing decisions of the public and privates firms affect the

equilibrium outcomes.

Some of the results that we have found are parallel to the studies in the literature.
Our results are showed that if the correlation coefficient is equal or less than zero,
disclosure information for public and private firms is the best interest as the same as

the previous studies in the literature about pure oligopolies.

On the other hand, there are different results for the positive correlation
coefficient. In the literature, researchers show that the best interest is generally to
disclose own cost function in pure oligopolies. However, we have found that there are
some certain conditions that it is not true for mixed oligopolies. In other words, no
disclosure of the cost functions can be an equilibrium in some certain condition. This
outcome is very new in the literature which proves that equilibriums and the strategic
behaviors might be changed when a public firm is includes a private oligopolies.

This study can be further extended by examining the different environments and
assumptions. For example, public and privates firms' strategic behaviors can be
examined under demand uncertainty or instead of Cournot competition companies'
response can be examined in the Bernard competition or instead of mixed duopoly a
mixed oligopoly with n number firms can be studied etc..
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APPENDIX
APPENDIX 1. Detailed Solution of Equilibriums

For public firm’s quantity

g1 = E1(C1) — E1(q2)
E;(Cy) — Ex(qq
0 = Ex(C) — £, (X2,

E\E,(Cy) n E1E>(q1)

2 2

E.E,(C E\E
E,E,(C,) EiE3(E1(Cy) — L 22( 2) +—1 22(611))
q1 = E1(Cy) — 5 + >
E\E,(C,) EE;E|(C;) E\E;E\E,(C;)  EE;E1E;(qp)
+ - +

2 2 4 4
E\E,(C;) E E;E\(C;) E E;E\E»(Cy)

2t 2 B 4

EL{E,(C EE
E\E;E\E, (El(Cl)_ 1 22( 2)+ 1 22(q1)>

4
ElEZ(CZ ) + ElEZEl(Cl) _ EIEZEIEZ(CZ ) + EIEZEIEZEI(Cl)

q1 = E1(Cy) —

q1 = E,(Cy) —

q1 = E;(Cy) —

_.|_

q:1 = E1(Cy) — 2 5 4 4

E\EEAEE\E5(C) | EiERE ERE B (q0)
— +
8 8
E1E;(Cy) + E\EEi(C)  EiERE E5(G) 4 E\E;E, E5Eq (Cy)

=F —
q1 1(C1) ) 2 4 4

_ E\E;E\E;E E5 (G, )
8

E{E,(C E.E
E\E,E E;EL By <E1(C1)— 1 22( 2)_|_ 1 22(q1)>

8
E1E;(C2) + E\EEi(C)  EiERE E5(C) 4 E\E;E E;E, (Cy)

+

=F —
q1 1(C1) ) 2 4 4

E\E,E{E,E\E;(C,) EiE,E{E,E EE (Cy)
- +
3 8
E1E2E1E2E1E2E1E2(C2 ) EIEZEIEZEIEZEIEZ(CII)
B 16 + 16
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ElEZ(CZ ) + ElEZEl(Cl) _ EIEZEIEZ(CZ ) + E1E2E1E2E1(Cl)

=K -
q1 1(C1) 2 2 4 4
_ EEEEEE,(C;) 4 E\E;E1E;E E2E1(Cy)
8 8
| EBEEEEEEC)
16

For private firm’s quantity

_ E;(Cy) — E2(qq1)

q> )
_ Ey(Gy) — Ex(E1(Cy) — E1(q2))
qz = 2
_E(G) _ E,E,(Cy) N E;E1(q2)
2 2 2 2
E,(C,) E,E(C) E,E
_Ez(Cz) E2E1(C1)+E2E1( 2(22)_ 2 é( 1)_|_ 2 12(512))
©2=" 2 2
— EZ(CZ ) _ EZEl(Cl) + EZElEZ(CZ ) _d EZElEZEl(Cl) + EZElEZEl(qZ)
2 2 2 4 4 4
_ EZ(CZ ) _ EZEI(Cl) + E2E1E2(CZ ) _ EZEIEZEl(Cl)
1z 2 2 4 4
EzE1E2E1(E2 (2Cz ) _ EZEé(Cl) + E2E12(CI2))
4
_ E>(Cy) B E;E(Cy) 4 EE1E>(Cy) B E,E1E;E1(Cy) N E,E E;E EL(Cy)
2 2 2 4 4 8
EZElEZElEZEl(Cl) EZElEZElEZEl(qZ)
_ n
8 8
_ E,(C,) 3 E,E1(Cy) + E,E1E,(Cy) 3 E,E{E,E;(Cy) 4 E,E\E;E E,(Cy)
2 2 2 4 4 8
E,E\E;E EyE (Cy)  E,E E,E E,E1(q,)
- +
8 8
_ E>(Cy) B E;E1(Cy) 4 EE1E>(Cy) B E;E1E;E1(Cy) N E,E E;E Ey(Cy)
2 2 2 4 4 8
| BEEEEE(C)
8

E,(C E,E,(C E,E
E,E E,E E,Eq ( 2(22)_ 2 é( 1)+ 2 12(612))

8
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_ EZ(CZ ) _ EZEl(Cl) + EZElEZ(CZ ) _ E2E1E2E1(C1) + E2E1E2E1E2(CZ )

1z 2 2 4 4 8
_ EZElEZElEZEl(Cl) EZEIEZEIEZEIEZ(CZ)
8 16
EZElEZElEZElEZEl(Cl) EZElEZElEZElEZEl(qZ)
- +
16 16
_E(G) 3 E,E1(Cy) 4 E,E1E,(Cy) 3 E;EE;E(Cy) 4 E,E{E,E E,(Cy)
2= 2 4 4 8
EZElEZElEZEl(Cl) EZEIEZEIEZEIEZ(CZ)
_ +
8 16
_ EZElEZElEZElEZEl(Cl)“'
16

APPENDIX 2. Detailed Solution of Equilibrium Quantity
Calculations

Case 1: Public and private firms do not produce information in Cell (1, 1)

Information set for case 1 X1, X2, X3 and X4 values for
L = (C,C) case 1
IZZ(C_bC_Z) X1:X2:C_1

X3=X, = C_z

Equilibrium solution for g7
qi = X1+ X, — X,
@ =C+G-C
G =2+0-C
G=0=q0=2+C-C

Equilibrium solution for q5

X5 X,
C=——-X, +—
q2 ) 2+2
. c, — G

a5 =C,—C
GB=G=03=0-0
Case 2: Public firm does not produce information but private firm produces
information without disclosure in Cell (1, 2)
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Information set for case 2 X1, X2, X3 and X4 values for

I = (C,Cy) case 2

IZZ(C_LCZ) X1=X2=C_1
X3 =0,
Xy = C_z

Equilibrium solution for g5

Equilibrium solution for g5

Case 3: Public firm does not produce information but private firm produces and

disclosures information in Cell (1, 3)

Information set for case 3 X1, X2, X3 and X4 values for
L = (G, C) case 3
I, = (C,C) X, =X, =C, + b, xAG,
X3=X,=0(;

Equilibrium solution for gf
G =X1+X,— X,
qf = C; + by * AC, + Cy + by ¥ AC, — G,
q5 = q5 = 2% C; + 2% by * (C; — C)—C,
Equilibrium solution for q35

X3 ¥ Xy
e o —— —
4 2 272

C, _ C,
q§=7—(C1+b2*AC2)+?

q5=q§=Cz—C_1—bz*ACz
q§=q§=Cz—C_1—b2*(C2—C_2)

Case 4: Public firm produces information without disclosure but private firm does not
produce information in Cell (2, 1)

Information set for case 4 I, = (€, Cy)
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I, = (C_Lc_z) X1=0¢

X1, X2, Xz and X4 values for X;=X,=0C,
case 4
Equilibrium solution for qf
q; = X1+ X, — X,
@ =C+C— G
aA=qi=C+C—-C

Equilibrium solution for q5

X5 X,

e — — —

q; = ) 2+ 2
c, — G,

e — — —

q; = 2 Gy 2

a5 =q¢=C-C
Case 5: Both firms produce information without disclosure in Cell (2, 2)
Information set for case 5
I = (Cl:C_z)
I = (6_1: C2)

This case is a special case because both firm produce information but they do
not disclose information. X1, X2, Xz and Xs values cannot be defined accurately
different from other cases because estimation of other firm is not known exactly. In
different words, the estimation of Xz and X4 is not possible for this case.

Xy = E3E1(Cy) # E1EoE1(Cy) # E3EEoE1(Cy) # ELER B ERE 1 (Cy) # -+
Xy = E1E5(Cy) # EoE1E(Cy) # EAERE  Eo(Cy) # ERE ERE1ER(Cy) # -+
However, X1, Xz, X3 and X4 are not needed for equilibrium solutions for this

case. To calculate equilibrium solutions the very first g7 and g5 can be used. Which

are
E\E,(C,) EE;E|(C;) E\E;E\E,(C;) E E;EE;E (Cy)
q1 = E1(Cy) — + - +
2 2 4 4
_ E\E,E E;E E,(Cy) + E\E,E E;E\E;E, (Cy)
8 8
_ E\E,E\E;E E;E E,(Cy)
16
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_ EZ(CZ ) _ EZEl(Cl) + EZElEZ(CZ) _ E2E1E2E1(C1) + E2E1E2E1E2(CZ)

1z 2 2 4 4 8
EZElEZElEZEl(Cl) EZEIEZEIEZEIEZ(CZ)
_ +
8 16
B E,E\E,E E,E EE; (Cy)
16

Equilibrium solution for qf
E1E,(Cy) 4 E\E,E (C)  E\EE E;(Gy) N E\E,E\E;E,(Cy)

¢ =FE (C;) —
q1 1(C1) ) 2 4 2
E\E,E\E;E\E;(Cy)  E1E;EE;EE>E(Cy)
- +
8 8
_ E\ERE\EREEREq E5(C,)
16
E1(C1) = (;

E{E,(C;) = C; + by AC,
E\E;E1(Cy) = Eq(EzE,(Cy)) = E1(C_1 — by xACy) = E1(C_1) — E;1(b,AC)
C, is not known by public firm so public firm should use its estimation. Public firm’s
C, estimation which is E; (C,)= C, — by * AC;.
E1E;E1(Cy) = E{(Cy) — Ey(by * ACy) = E1(Cy) — Ey * by * (C; — C7)
= E1(C_1) — E1(b,(3) + E1(b26_2) = E1(C_1) - E1(b2C_2)
+ E;(b;C3) = E{(C)— E1(b,C3) + by + (C; — by ACY)
= Cy — byC3 + b,C, — by, AC,
E{E,E (C)) = C, + byb,AC, = C; + 12AC,
Definition of estimation continues similarly
E\E,E E,(Cy ) = E1(E,E1E2(C,)) = C; +12byAC
EyE2E\EoE1 (Cy) = Ey (EoE1E2E1(Cy)) = €y + r*AG
E\E;E B3 E E5(Cy) = E1(ELERE1E5(Cy ) = C_z + 1% AC
EyE;E By E1ERE1 (C1) = E1(ERE B2 E B> E1(C1) = Cp + r°AC,
EyEoE\EoE By Er Eo(Cy) = Ey (ERE o Er EoE1E,(Cp)) = Co + 1°by AC
Substitution of g7 for given expected values

C, + biAC; C, +7?AC; C,+7%b,AC; C;+T1*AC,
q1 = C1 — + - +
2 2 4 4
C, + r*b;AC, N C, +7°AC, C,+71°bhAC,
8 8 16
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C, bAC, C, riAC; C, 7r?bAC, C, Tr*AC, C,
ge=c 2280 b, 1 G 180 Gy 1 G

8 8 16 16

e—C_(1+1+1+1 ) C_(1+1+1+1 )
T=4{tT72747s 2\27%

(o]

(R FEE N T S
2 4 8 1 S22t . 1

Substitution of g7 yields

A 2 by
ql :2*C1_C2+Acl*m_Acl*m

e _ R 2 - b1
q1 =2*C1_Cz+Acl*(2_T2>
Equilibrium solution for g5

e _E(G) E2E1(C1)+E2E1E2(C2) _ BEEE(C) | EEEEE(G)

© 2 2 4 4 8
E,E\E,E\E,E(Cy) E,E\E;E{E,E E,(Cy)
- +
8 16
B E,E\E,E E,E E,E1(Cy)
16
Ez(Cz) = Cz

EyE1(Cy) = C_1 + b,AC,
Ey(E1E>(Cy)) = EZ(C—Z — by x AC,) = E,(C) — E, (b,AC,)
C; is not known by private firm so private firm should use its estimation. Private firm’s
C, estimation which is E,(C,)=C; — b, * AC,

EyE E, (Cz) =
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E,E E;(Cy) = E;(Cy) — Ex(by * ACy) = E5(C;) — Ep * by * (€ — Cy)
= E3(C2) — E3(b1Cy) + E3(b1Cy) = Eo(Cy) — Ex(b1Cy)
+ E;(b1Cy) = E(C)— Ep(b1Cy) + by * (C — bpAC)
= C_z - b1C_1 + b1C_1 — b1b,AC,
E,E{E,(C,) = C, + byb,AC, = C, + T2AC,
Definition of estimation continues similarly
E;E\E;E (C) = ER(E1E2E1(C)) = C1 +12b,AC,
E,E By E1E;(Cy) = Ep(E EZEqE»(Cy)) = G, + 1*AC,
E,E\E3E E>E (Cy) = Ey(ELERELERE (Gy)) = C_1 + 7"4b2ACZ
E,E By E B> E By (Cy) = Ep(ELEoE E; B ER(CR)) = Cp +1°AC,
EyE1EoE Ey B EoE1(Cy) = Eo(EyEoE E>E E2E1(C)) = Cy +1°b,AC,
C, Cy+ b,AC, N C, +1%AC, C; +12b,AC, p C, +r*AC,

e

=% "" 3 7 4 8
C, +r*b,AC, N C, +17°AC, C; +71°b,AC,
8 16 16
¢, C; b,AC, C, 7r?AC, C, 7r?*b,AC, C, 7r*AC, C,
= G _bAG G MG G TThAG | G TG G
2 2 2 4 4 4 4 8 8 8

r*b,AC, C, 7T°AC, C; T1°b,AC,

8 167 16 16 16

e—C_<1+1+1+1 )C_(1+1+1+1 )
©2=%2\37278" 16 274

8
1 r? r* r® 1 r? r* r®
B R e el B o e e P

Case 6: Public firm and private firms produce information but only private firm

disclosures information in Cell (2, 3)
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Information set for case 6 X1, X2, X3z and X4 values for case 6

I = (€1, C) X1=06

I, = (C1,Cy) X, =Cy, + by * AC,

X;=X,=0,
Equilibrium solution for qf
qi = X1+ X, — X,
qf = C; + (Cy + by + AC,) — C,
45 =q1 = C+C+ b+ (G, = Cp) — G,

Equilibrium solution for q5

X5 X,
e—__ —
q2—2 X2+2

C _ C
5 =—— (Ci+ by xAC) +—
2 2
q5 = C; — C; — by x AC,
q5=q; =C,—C —by* (C;—C)
Case 7: Private firm does not produce information but public firm produces and

disclosures information in Cell (3, 1)

Information set for case 7 X1, X2, X3 and X4 values for case 7
I =(C,C) Xy =_X2 =0
12=(CIIC—2) X3=X4=Cz+b1*AC1

Equilibrium solution for q7
a7 = X1 + Xz — X,
qf = C; + C; — (G + by x AC))
g8 =C,+C,—C, — by *xAC,
qi = q; = 2*C1—a—b1*(cz_c_2)

Equilibrium solution for q5

X, X,
e
=2 _x,4+2
q2 ) 2 >
C, + b, * AC C, + b, * AC
q¢ = 2 21 1—C1+ 2 21 1

q5 = C; — Cy + by * AC,
q5 = q; = C, — Cy + by * (C; = Cy)
Case 8: Public firms and private firms produce information but only public firm

disclosures information in Cell (3, 2)
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Information set for case 8 X1, X2, X3 and X4 values for case 8

L= =X=0

I = (G, ) X3 =G

X, = Cy + by * AC,
Equilibrium solution for g5
QG =X1+X,— X,
q5 = C1 + C; — (C; + by * AC,)
qf =2%Cy —Cy — by * ACy
4 =qi =2%C —Cy— by * (€, —Cy)

Equilibrium solution for q5

q§=%—X2 +%
ﬁ:%_1+6+%*ml
q§=%+%— 1‘|‘bl*2AC1
q§=q;=ﬁ+§+w_cl

2 2 2

Case 9: Public firms and private firms produce and disclose information in Cell (3,
3)

Information set for case X1, Xo, X3 and X4 values for case 9
9 I = (C1'C2) X1=X,=(
I, = (C1;C2) X3 =X, =0(;
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Equilibrium solution for gf
qi = X1+ X, — X,
qi =G+ -G
G =aq1=2%C-C

Equilibrium solution for q5

X5 X,
G %ty
(1 C;

e — — —
qz > ¢y >

g5 =q;=C,—C;

APPENDIX 3. Detailed Solution of Excess Equilibrium Quantity

Calculations

Case 1: Public and private firms do not produce information in Cell (1, 1)

Excess equilibrium solution for g7

@ =90
qi =2%C—C—(2+C—C)
qi =0
Excess equilibrium solution for g3
G =97
a3 =C—C— (G- C)
q; =0

Case 2: Public firm does not produce information but private firm produces
information without disclosure in Cell (1, 2)

Excess equilibrium solution for g

@ =T
i =2xC—C—(2+C—C)
qi =0
Excess equilibrium solution for g3
a7 =4~ 4z
c, — G
a =7_C1+7_(CZ_61)
C; G
+ 22 _ 22
az ) 2
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AC,
2
Case 3: Public firm does not produce information but private firm produces and

+
2 =

q

disclosures information in Cell (1, 3)
Excess equilibrium solution for g
@ =q—q
Qi =2%C+2xby x AC,—C, — (2% C; — ()
qf = 2% b, xAC,—C, + C;
qi = (2b; — 1) x AG,

Excess equilibrium solution for g5

4 =q;— 0z
qy = C, —Cy — by * AC, — (C; = Cy)
q; = C, — C, — by  AC,
qi = (1= by) * AC,
Case 4: Public firm produces information without disclosure but private firm does not
produce information in Cell (2, 1)

Excess equilibrium solution for g7

@ =q—qQ
7 =C+C—-C-2xC—Cy)
q; =C(— C_1
q; = AC;
Excess equilibrium solution for g5
q; =q;—q
g3 =C—C,—(C; - )
q; =0

Case 5: Both firms produce information without disclosure in Cell (2, 2)

Excess equilibrium solution for g

@ =T
N - 2
C11:2*61_62‘|‘AC1*2_ — (20— ()
2 - b1
9 = 4G (2 — rz)
Excess equilibrium solution for g3
G =97
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af =6 =0 + 06 (;—2) - (G- &)

1—b
+=AC< 2)

Case 6: Public firm and private firms produce information but only private firm

disclosures information in Cell (2, 3)

Excess equilibrium solution for g

@ =q—q
a7 =Ci+C+byxAC, — C, — (2% C; = Cy)
qGf =C —Ci+byxAC, — C, +C,
qf = AC; + (b, — 1) * AG,
Excess equilibrium solution for g3
G =97
q; =C,— Cy — by x AC, — (C, — Cy)
q; =C,—Ca— by *AC, +C; — Gy
q; = (1 —by) *AC,
Case 7: Private firm does not produce information but public firm produces and
disclosures information in Cell (3, 1)
Excess equilibrium solution for g7
@ =a— ¢
i =2%C—C, —by xAC, — (2% C, — Cy)
qif =2%C; —2%C; — by xAC,
qi = (2 —by) xAC
Excess equilibrium solution for g5
& =497
q3 = C,— Cy + by + AC, — (G, — Cy)
q3 = —C1 + Cy + by x ACy
q; = (by — 1) *AC,
Case 8: Public firms and private firms produce information but only public firm
disclosures information in Cell (3, 2)
Excess equilibrium solution for g7
i =qi— 0
qGf =2%C,—C— by *AC;, — (2% C, — C)
qf =2%C, —2%C; — by xAC,

43



qi = (2—by) *AC,
Excess equilibrium solution for g5
a7 =4~ 4z
C;, G n by * AC,
2 2 1 2
C, C n by * ACy
2 2 2

AC by —2
q2+=( 2)+AC1*<12 )

—(C;—-C)

_C1+C_1

Case 9: Public firms and private firms produce and disclose information in Cell (3, 3)
Excess equilibrium solution for g7
i =91 — @
Gf =2+C,—C—(2%C —C)
qf =2*AC, —AC,

Excess equilibrium solution for g5

& =407
CIEL:CZ—C1—(C_2—C_1)
q;:ACZ_Acl

APPENDIX 4. Welfare calculation for the public firms.

Welfare calculation are performed at equilibrium quantities for “no produce
information”, “produce but no disclosure information” and “produce and disclosure
information” cases for the public firm.

Remember the welfare function of public firm

(q1 + q2)*
2

Expected welfare function can be calculated for an information sets I; = (.,.)

W=Ax(q,+qz)— —miqs —Myq;

and I, = (., .) for equilibrium output quantities q5 and g5 which are already calculated

)

in a certain information sets I, = (.,.)and I, = (.,.).

e+ e\2
EW|L) = E((Aqf — myqf + g5 —myq5 - LA

By substitution of C; = A—m, and C, = A — m, , it yields
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B0 = 5 (Gt + caag - 50 |

)

Case 1: Public and private firms do not produce information in Cell (1, 1)
q5 =2+C —C,

Expected welfare function for equilibrium

EWI|L) = E((Cqu +Cyqf — (g1 + q3)° )

)

(26 -T) + (G - c—o)z)
2

w* = E<C1(2C_1—C_2) + Co(C, — Cy) —

——2

w 4 w Ay
w* = E| (2¢,C; — C,Cy) + (C,C, — C,Cy) —%
—2

i _d - — C
W* = 2E(C,)C; — E(C)G + E(C)T; — E(C)Cy — -

After substitution of the equalities E(C,;) = C, and E(C,) = C,, the formulation
yields

-2

C
W* = 2C,C, — C,Cy + CoCp — CoCy — %

-2

3Cy S —
W*:W: C2+C2

Similar to excess equilibrium quantity, welfare is also expressed “excess
welfare” relative to “no produce information case” for both public and private firms.
Excess expected welfare function for equilibrium

wtr=w*-w
wt=0
Case 2: Public firm does not produce information but private firm produces
information without disclosure in Cell (1, 2)

i =2+C;—C;

Expected welfare function for equilibrium
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B0 = 5 (Gt + caag - 50 |

)

— C;, — G
wW*=E| c,(2C;-C) +C, 7—Cl+7

<(zc1 C,) + (CZ

_ 5+%) \
)

2

- 2 2
o . C2 __C,C ( 1_7 \
wW* :El (2C1C1—C1C2)+ L_C2C1+ 242 |
2 2 2 /
_ _ E(c? _EG)G EGY) o G
W* =2E(C,)C; — E(C,)C, + (22 )—E(Cz)C1 (22) - (82 ) ; _%

E(C)Cy | E(C)C, | GG,
T2 Tt
After substitution of the equalities E(C,;) = C, and E(C,) = C,, the formulation

yields
2 —2 2 ——2 =2 = =2
R ( ) C, E(G°) ¢ G CG G
W*=2C,"—-CC, + — Gl +— = R > n
GGy
T3
w* _3G 2C,C +3E(CZZ)+SC_22
) 12 8 8

Excess expected welfare function for equilibrium

wWH=w*-Ww
—2 2 —2 —_ 2
3C; 3E(C,%) 5C, 3C; 2
W+ = 2 - 2C1C2 + 8 + 8 - 2 - 2C1C2 + CZ

3E(C,Y) 3G

8 8
Itis know that V2 = E(C,2 ) = C;~ and V2 = E(C,?) — C,, therefore,

t =

= 32
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Case 3: Public firm does not produce information but private firm produces and
disclosures information in Cell (1, 3)
qf =2+ C+2xby* (G, — C3)—C,
q5 = C, = Cy — by x (C; — ()
Expected welfare function for equilibrium

e e\2
EW|L) = E ((Cqu + Gy - WL L))

)

wW*=E <C1(ZC_1+ 2b,(C; — C3)—C3 ) + C(C, — € — by(C; — C3))

(@G +2b,(C, = C3)=C2) + (€, = €1 — by (G, — C_z)))z)
2

The formulation is simplified by using the equations E(C,) = C;, E(C,) = C;, VZ =
E(C2) =T V= E(C2) —C, and Vi, = E(C,C;) — C1C; . It yields
—2
3C 3b2V}
1 + 272 _ V12
2 2

wW* =E(C,%) — E(C,C,) — C.C; +

Excess expected welfare function for equilibrium
wWr=w*-w
3C,°  3h2V2

——2
3¢,
- ( 21 — 2C.C, + sz>

w* = (E(G?) - G) = (B(GiC) - 0y ) +

W+ - E(CZZ) - E(Clcz) - Clcz +

3p2V2

27172
2V2

W+ = V22 + - 2V12

2y72
W =g 4 22V

—2(b,V3)

b2V2

W* = (1-b,)%V7 +
Case 4: Public firm produces information without disclosure but private firm does not
produce information in Cell (2, 1)
@5=0C+C -G,
a5 =q¢=0C-C
Expected welfare function for equilibrium
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e ey2
EWIL) = E ((Cqu + Cyg - AL

)

(G +C - T+ (G - c_1>)2>

W*=E<C1(C1+C_1—C_2)+C2(C_2—C_1)— 2

- N
W* = E<61(C1 + Cl — CZ) + CZ(CZ - Cl) _%>

After substitution of the equalities E(C,) = C; and E(C,) = C,, the formulation

yields
E(C;*) —»
w* = (21 ) + G —2CG,+ Gy
Excess expected welfare function for equilibrium
wtr=w*-w
_E(GY) [

W+

—2 —2 3 AN —_—2
4G - 266+ G —( . —zclcz+cz>

+ :E(Clz)_ EZ
2 2

Itis know that V2 = E(C,% ) = C;" and V2 = E(C,2) — G, therefore,

w

VE
w=—
2
Case 5: Both firms produce information without disclosure in Cell (2, 2)

Z_bl)

f£=2%C—C+AC (
a1 * L 2+ AC * 2,2

. 1-b,
a5 =G~ C+AC+ (3—2)

—r2

Expected welfare function for equilibrium

e+ e\2
EWIL) = E((Cqu +Cpqg - L) )

)
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W*

_ _ 1
EkCl(Z*ClC2+AC1*(21;))+C2<CZCl+ACZ*<2

2
(Cra-cvac (22)+ (-ar s (325))) |

2

The formulation is simplified by using the equations E(C,) = C;, E(C,) = C, VZ =

E(C12 ) — C_12, Vi = E(CZZ) - C_z2 and Vi, = E(C,C;) — G, G,. Ityields

_ (4—4E(C* )+ (8—8r7 + 3r) e,

W*
2(r2 —2)2
LB 2r)E(C,2) + (5 — 612 + 2r1) G,
2(r2 —2)2
E(C,C)) + (B+4r? —rH(C,C,
2(r? —2)2
2..2
. 3V§r V212 — 2V, + 2Vy,r?
2(r? — 2)2
Excess expected welfare function for equilibrium
wWr=w*-w
-2
3C -
W= w*— ( 21 —2C,C, + sz>

W+ _ 4‘V12 + 3V22 - V12T'2 - VZZTZ - 6V12 + 2V12T2

2(r?2 —2)2
+_ 3V22 - 227,.2 n 4‘V12 - V12T2 n _6V12 + 2V12T2

2(r2 —=2)2  2(r2-2)>2 2(r? —2)2
wr=vp 2T e AT gy, 3T
T2 2(r2—=2)2 " Tl 2(r2 —2)2 1222 - 2)2

Case 6: Public firm and private firms produce information but only private firm

disclosures information in Cell (2, 3)
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qf=C1+C_1+b2*(C2—C_2)— C,
q§=C2—C_1—b2*(C2—C_2)

Expected welfare function for equilibrium

e_l_ e\2
EWIL) = E((Cqu + Cyog - (B0

)

=E<C1(C1+C_1+b2*(C2—C_2)— Cz)+Cz(C2_C_1_b2*(C2_C_2))

W*

— — — — N2
_ ((Cl +Ci+byx(Cy—Cy)— C) +(C,—Cy— by x (C; — Cz)))
2
The formulation is simplified by using the equations E(C,) = C, E(C,) = Cy, VE =
E(Clz ) - C_lz, V22 = E(CZZ) - C_ZZ and V12 = E(Clc'Z) - 61C2. It yl8|dS

E(C? i
w* = % — E(CiG) +E(C2) = Cily + Cy + VEr2 — vy,
e (E(cl2 ) +c_12> .\ 3G,

2 2 2

— (E(GC1Cy) — G1Cy) — GG, — GGy

+ (E(CZZ ) - C_ZZ) + C_ZZ + V12T2 - VIZ

2

V¢ 3C, —
* :71-{_71_2‘/12 +V22 +CZZ +V12T2
Excess expected welfare function for equilibrium
wtr=w*-w
VE 30, _ 3¢,
W+ = w* = 71 + 21 2V, + VR4 Gy + VA2 — (Tl —2C,C,+ Gy
+ Vlz 2 2,.2
W =7+V2 +V1T _2V12
+ Vlz 2 2772 2
W =7+V2 +b2V2 _2b2V2

+_V12 2172
W —7+(1—b2) Vs

Case 7: Private firm does not produce information but public firm produces and
disclosures information in Cell (3, 1)
q5 =2%C;—Cy — by *(C,—Cy)
q5 = C; — Cy + by * (C; — Cy)
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Expected welfare function for equilibrium

EWI|L) =E ((Cqu + C,q5 — (91 + q3)° )

)

wr =E<C1(2*C1_6_b1*(62_C_z))+C2(C_2_C1+b1*(C1_C_1))

_((2*61—ﬁ—bl*(CZ—c_z)>+(c_2—cl+b1*<61—c_1)>)2>
2

The formulation is simplified by using the equations E(C,) = Cy, E(C,) = C,,
V12 = E(Clz ) - C_lz, V22 = E(CZZ) - C_ZZ and V12 = E(C:lCZ) - Clcz. It y|EIdS

3E(C,? B
= (2 : ) - E(Cch) - Clcz + CZZ + szrz — V12
3E(C,%) 3G\ 3G, -
wW* = 5 — 5 + ) — (E(Clcz) - C1C2) = 2(:162 + CZ + VZZTZ
- V12
3V2 3¢, h
W* — Tl_l_Tl_ 2V12 _d 2C1C2 + C22 + V22r2
Excess expected welfare function for equilibrium
W+ _ W* _ W
3V2 36_2 . 36_2 B
3V2
W+ = Tl — 2[/12 + VZZTZ
+ V12 2 5 2vr2
W* = —-+ Vi = 2b,VE + b1V
VZ
wt =L + V12(1 _ b1)2

2

Case 8: Public firms and private firms produce information but only public firm
disclosures information in Cell (3, 2)
qf =2%Cy—Cy — by *(C; = Cy)
c, C, by * (C, — C)
e _ 4 = B
q; = > + > + > 1
Expected welfare function for equilibrium

(g7 + q3)* )

)

EWIL) =E ((Cﬂlf + Cyq5 —
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W*

[ b1*(Cz_C_2)

— — C
=k Cl(z*Cl_Cz_bl*(61_61))+C2<?2+?+f—&>

_ GG )
2 )

The formulation is simplified by using the equations E(C;) = C;, E(C,) = C, VZ =

— — 2

E(Clz ) - C_lz, V22 = E(CZZ) - C_ZZ and V12 = E(C1C2) - 61C2. It y|EIdS

C3E(G2)  3E(GC) y 3E(C,2) GG, T 5C, s 5V2rz vV,

*

2 2 8 2 8 8 2
. (3E(C?) 3¢\ 3G, (3E(C.C) 3GiG
" 7 2 )Tz T N
3E(C,2) 3C,0\ —» S5VE? V.
N ELIC Pyt ——= 2
8 8 8 2
. 3r2 3G ____ 3VE _, 5V
W :T+T—2V12—2C1C2+T+C2 + 8
Excess expected welfare function for equilibrium
wrr=w*—w
—2
3VZ 30, ___ 3V} __, S5Vir?
W+: T+T—2V12—2C1C2+?+C2 + 8
— 2
3C .
—< 21 —zclcz+czz>
3V2 3VZ 5Vir?
+ = 2 -
w > iz + 5+ 3

3V2 3V2 5h2V2
— 1 + 2 + 1v1
2 '8 8
VZ(5b; — 6)(by —2) = 3V7
- 8 T3

wt — 2b V2

W+
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Case 9: Public firms and private firms produce and disclose information in Cell (3, 3)
a7 =2xC; = G
q; =C,—(

Expected welfare function for equilibrium

e e\2
EWIL) = E <(Cqu + €205 ~ M)

)

((2+C—Cp)+ (Cy - cl))z)
2

w* = E<C1(2 *C; — Cy) + C(C, — Cy) —

The formulation is simplified by using the equations E(C,) = C, E(C,) = Cyp, VE =
E(Clz ) - C_lz, V22 = E(CZZ) - C_ZZ and V12 = E(Clcz) - 61C2. It y|EIdS

3E(C,?
W % — E(C,G) + E(C,?)
3E(C,%) 3G°\ 3C,
wW* = > — > + > — (2E(C1Cy) + 2C1C,) — 2C1C,

+(E(C)-G)+C

2

3VZ 3C; R
W* = T""T_Zvlz _261C2 +V2 +C2
Excess expected welfare function for equilibrium
wtr=w*-w
3V 30, __ _ [
w*=—r+ Tl — 2V, — 220G+ VE+ Gy - < 21 —2C,C, + sz)
3V2
Wt ="2_2v,+V2

2
3V 2
wt = 71 — VZ(1 - 2b,)

APPENDIX 5. Profit calculation for the private firms.

Profit calculation are performed at equilibrium quantities for “no produce
information”, “produce but no disclosure information” and “produce and disclosure
information” cases for the private firm.

Remember the profit function of public firm;

M=[A-m;—q, —q2) *q;
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Expected profit function can be calculated for an information setsset I; = (.,.)

and I, = (.,.) for equilibrium output quantities qf and g5 which are already calculated

h)

in a certain information sets I, = (.,.)and I, = (.,.).
E(I;|1L) = E(((A —m, —qf — q5) * 5 )
By substitution of C, = A — m, , it yields
E(IL|L) =E (((Cz —qf —q5) = q5) |11)
E(T 1) = E ((Coq5 — a5 — a5 ) |1)
Case 1: Public and private firms do not produce information in Cell (1, 1)
Gt =2+C;—C;
q;=C—C

Expected private firms’ profit function for equilibrium
E(M,11) = E (((C, — qf = a$) + g5 ) |1)
n =E((C;- @2+ T —C) — (G- ) * (6 - T))
I," =E((C2—2*C_1+C_2—C_2+C_1)*(C_2—C_1))
I," = E((Cz —C_1) * (C_Z_C_l))
o — — — =2
" =E(GC — Gl — Gl +Cr)
« — —_— = 2
;" = E(C)C, — E(CR)C, — GG + €
After substitution of the equalities E(C,) = C,, the formulation yields
M,'=T,=C, —20,C,+Cy
Similar to excess equilibrium quantity and welfare, private firms’ profit is also

expressed “excess profit” relative to “no produce information case” for both public

and private firms.
Excess expected profit function for equilibrium
1_[2+ = l_[2* - T2
m,*=0
Case 2: Public firm does not produce information but private firm produces
information without disclosure in Cell (1, 2)

q5r=2+C -G

Expected private firms’ profit function for equilibrium
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E(I,|L) =E (((Cz —q7f —q3) *q; ) |I1)

— — (G - G G, — G
M, =E (Cz—(2*C1—C2)—(72—Cl+72>>*<72—61+?2>

After substitution of the equalities E(C,) = C; and E(C,) = C,, the formulation
yields

3G,
4

E(C,? _
H2*= (42 )—261C2+C12+

Excess expected profit function for equilibrium

l_[zJr = Hz* —Tz

E(C?) —— o 3G 2 o
M,* = (42 ) _ 2C.C, + G + 42 - (sz —20,C, + (312)
L _E@Y) & _EG)-G
27 4 4 4
Itis know that V2 = E(C,%2) = C;" and V2 = E(C,2) — G, therefore,
LV
M =

Case 3: Public firm does not produce information but private firm produces and
disclosures information in Cell (1, 3)
qf =2 Ci+2xby* (C; — C)—C,
q5 = C, —Cy — by x (C; — C3)
Expected private firms’ profit function for equilibrium
E(T,IL) = E(((C, — qf — a9) + a5 ) |1)
M =E((Co— 2% Ty +2%by * (G = T)—=Cy ) = (G, = T — by * (C; = C3))
*(CZ_C_I_bZ *(CZ_C_Z)))
The formulation is simplified by using the equations E(C,) = C, E(C,) = Cy, VE =
E(C2) =T V= E(CY) -G, and Vi, = E(C,C,) — C1C; . It yields
M, = E(C,%) — 2C,C, + Gy~ + V2r2 — 2V,
Excess expected profit function for equilibrium
l_[2+ = Hz* - T2
+ 2 —_— =2 2 9 —2 —_— =2
0" = E(GY) - 20G + Gy +Virt —2vi, — (G - 261G, + € )
M* = E(C2) -G, + Vir? — 2V,
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It is know that VZ = E(C,2) — C,, therefore,
M, =VZ+Vir?:-2v,
M,* = VZ + b2V? — 2b,V?

M," = VZ(1 - 2b,)?
Case 4: Public firm produces information without disclosure but private firm does not
produce information in Cell (2, 1)

i =C+C— G,

s =q=0—-C
Expected private firms’ profit function for equilibrium

E(T,IL) = E(((C, — qf = a$) + a5 ) |1n)
' =E((C~ (G +C- &)~ (G -T))* G -0
" =E((C=C—=Ci+ G =G+ () *(C;— ()
" =E((C; - )= (G, - C)))
M," = E(C;)C, — E(Cy) G, — E(CC, + E(CCy
After substitution of the equalities E(C,) = C; and E(C,) = C,, the formulation
yields
M, =C, —2C,C, + Gy
Excess expected profit function for equilibrium
1_[2+ = l_[2* - T2
M =0 —20G+ G — (G — 206+ )
M, =0

Case 5: Both firms produce information without disclosure in Cell (2, 2)

e R J— 2_b1
q1=2*C1—C2+AC1*<2 2)

5=C,—C; +AC (1_b2)
= —_ *
az 2 1 2*\5 2

Expected private firms’ profit function for equilibrium

E(T,IL) = E(((C, — qf — a$) + a5 ) |1)
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n =kl [c (2 C, -G, +AC (2_b1>)
= — * — *
2 2 1 2 1*\5 2

_ 1-b, _ 1— b,
- CZ—C1+AC2*(m> * Cz—Cl'f'ACZ*(m)
The formulation is simplified by using the equations E(C,) = C, E(C,) = Cy, VE =

E(Clz ) - C_lz, V22 = E(CZZ) - C_zz and V12 = E(Clc'z) - 61C2 It yl6‘|dS

A -r)E(C?) + (4 —3r7 + G- 2E(CLC,) + (=2r* + 1% — 6)C,C,
B (2 —r?2)2 (2 —1r2)2

In,"

(44 4r2 + NG VA2 + Vir?
(2-12)2 (2-12)2
Excess expected profit function for equilibrium

l_[zJr = Hz* - T2
H2+ == HZ* r (C_ZZ - 261C2 + C_lz)

il VZZ + VlzT'Z - 2V12

+ —_—
2 (2 —1r2)?
(1-b,)?
l_lzJr = sz (2 —r2)2

Case 6: Public firm and private firms produce information but only private firm
disclosures information in Cell (2, 3)
G5 =Ci+Ci+by* (G —C)— G,
q5 = C, — Ci — by + (C; — C3)
Expected private firms’ profit function for equilibrium
E(M,lh) = E(((C, - qf —a§) +a5) 1)
M," = E((Cz —(C+Ci+byx(C,—C) = ) = (C, = Cr — by + (G, — C3)))

*(C, — Cy — by * (CZ_C_Z)))
The formulation is simplified by using the equations E(C;) = C;, E(C,) = C,, VE =
E(C2) =T V2 =E(C2) -G, and Vi, = E(C,Cy) — GG, . It yields
M, = E(C,%) — E(C,C;) — CiCy + Cy - + V2r2 — Vi,
Excess expected profit function for equilibrium
l_[zJr = Hz* - T2
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o = E(C%) = E(CiG) = GGy + & + Va2 =V, — (G - 266G, + Cy)
l_[2+ = E(sz) - C_z2 - (E(C,G) — C,Gy) + V127’2 —Viz
It is know that V2 = E(C,%) — G, and Vy, = E(C,C,) — C,C,, therefore,
M," =V +Vir? -2V,
l_[2+ = sz(l - bz)z
Case 7: Private firm does not produce information but public firm produces and
disclosures information in Cell (3, 1)
qf =2%C —C, — by % (G, —Cy)
q5 = C, — Cy + by % (C; — Cy)
Expected private firms’ profit function for equilibrium
E(T,IL) = E(((C, — qf — a$) + a5 ) |1n)
Hz* = E((Cz - (2x*C _§_b1 * (Cy _C_z)) _(C_Z_Cl + by * (Cq _C_1)))
*(C_Z_Cl-l'bl*(cl_c_l)))

The formulation is simplified by using the equations E(C,) = C, E(C,) = C, VE =
E(Clz ) - C_lz, V22 = E(CZZ) - C_ZZ and V12 = E(Clcz) = Clcz It yIE|dS

HZ* = E(Clz) - E(Clcz) - Clcz + C_ZZ + VZZTZ - V12

M, = E(C,2) — (E(C,C;) —C1Cp) — 2C1C, + Gy + VEr2 — Vi,
M, = E(C,2) — 2C,C, + 5 + V22 — 2V,
Excess expected profit function for equilibrium
l_[zJr = Hz* — T,
+ 2 —_— =2 2 9 —2 —_— =2
0" = E(G?) - 206+ G, +VEr2 —2vi, — (G - 206, + €
+ 2 =2 2..2
n,* = (E(c1 )-T; )+V2r —2V,,
I,  =V2+Vir? -2V,
H2+ = Vlz + bfVlz - 2b1V12
l_lz-l- = V12(1 - b1)2
Case 8: Public firms and private firms produce information but only public firm
disclosures information in Cell (3, 2)
qi = Z*Cl_C_z_b1*(C1_C—1)
C, C bi*(C,—Cy)
e _ £, "¢ A
q: > + > ) 1

58



Expected private firms’ profit function for equilibrium

E(MI1) = E(((C, - a8 —49) < a§) |1)

H2*=E (Cz_(Z*C1_C_2_b1*(C1_C_1))

C, C_z b1*(Cz—C_2)
_<7+?+f_cl

C, C_z bl*(CZ_C_Z)
*(TTf G

The formulation is simplified by using the equations E(C,) = C, E(C,) = Cp, VE =
E(Clz ) - C_lz, V22 = E(CZZ) - C_22 and V12 N E(Clcz) - Clcz Lt yIE|dS

— 2
. E(c,” ____ 3G, Vir?
Hz =E(C12)+¥_E(Clcz) _Clcz + - 24 _V12
E(C,? ___ 3G, 3V
M, = E(C,?) +M — 20,0, + 2+ 22— —2v,,
4 4 4
Excess expected profit function for equilibrium
l_[zJr = Hz* - T2
E(C,? 3C,° 3V2r?
m* = E(C,2) + EGT) 20,0, + —+ —2— -2V,
4 4 4
- (G- 201G+ C)
_, E(C2)-C° 3vir?
mt*=E(C?) -G + (G L)L 2+ i — 2V,
v}  3V2r?
" =v? + 2 ALY
VZ Vir?
My* = VZ —2b,VZ + b2V2 + = — 2
4 4
VZ(1—r1r?
M,  =V2(1 - by)?*+ %

Case 9: Public firms and private firms produce and disclose information in Cell (3, 3)
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q7 = 2% (= C;
q; =C,—(
Expected private firms’ profit function for equilibrium
E(M11) = E (((C; — ¢f — a$) + a5 ) |1)
N =E((C,— (2% 6 =€) = (G = €)) * (C; — 1))

I," = E((Cz —C)*(C;—Cy) )
M," = E(C,?) — E(C1Cy) + E(G,*)

Excess expected profit function for equilibrium
l_[2+ = l_[2* - T2
" = E(C,%) - E(C,G) + E(C,*) — (G - 266, + Cy)
n" = (E(G%) - G) - (B(C,C) - 26:Cy) + (E(¢,*) - &)
The formulation is simplified by using the equations E(C,) = C;, E(C,) = C,, VZ =
E(C2) =T V= E(C2) -G, and Vi, = E(C,C;) — C1C; . It yields
M,"=V2-2V,+V
M," =VZ + (VE — 2b,VZ + b2V3) — b2V
M," =V2+V2(1 —by)? — b2V?
M,"=VZ+ V(1 —-b)?—=V2ir2or I,* = V(1 —1%) +VZ(1 — by)>?
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APPENDIX 6. PERFECT CORRALATION PAYOFF TABLES

For perfect correlation r=1,

=VE+VE-21,V,

=VE+VE-21,V,

Firm1 Firm 2 (Private firm)
(Public Do not produce Produce information, Produce and disclosure
firm) information no disclosure information
Case 1 Case 2 Case 3
w*t=0 3V 3V
8 wt="2 w* = —1—2V1V2
= S 8 2 5
e -I(,:U + V2
= E
o S n,*=0 — 5 " =vi-21V,
8 = 2 =7 + V7
Case 4 Case 5 Case 6
- v 312 312
5 wt == wtr="L _2vv, | wt=="L —21V,
s o 2 2 2
£ 3 + V2 + V2
S 2
£ 3
©
S o ,* =0 I,* = V2 —2V,V,
S [ 2 + _y2 _
S + V7 " =vi-21V,
o + V12
Case 7 Case 8 Case 9
3V¢ 3V 3V¢
T | W= Tl — 2V, Wt = Tl —2nV, | wts= Tl — 2V V,
feo] S
3 3 + V2 + V2 +V
8 2
a ° m,* m,*

M," =V} -2V,
+ V2




For perfect anti-correlation r=-1,

Firm1 Firm 2 (Private firm)
(Public Do not produce Produce information, Produce and disclosure
firm) information no disclosure information
Case 1 Case 2 Case 3
wt=0 3V2 3V
3 wt =22 wt="L4+21V,
3 5 8 2 X
e % + VZ
= E
e o M, =0 . " =Vvi+21V,
o £ HZ =0 2
A 4 + Vi
Case 4 Case 5 Case 6
e V2 312 312
IS5 wt == wt="L 1211, | wt="L +21,V,
s o 2 2 2
E 3 + V2 + V2
S 2o
£ 3
8 3 M,* =0 * = V2 + 2V, V. M* = V2 + 21,V
> = 2 - 2 — V2 1v2 2 — V2 1v2
3 + V2 + V2
[a
Case 7 Case 8 Case 9
N 312 . 312 N 312
g o W = T + 211V, W = T + 2V, V, w* = T + 2V, V,
Io] S
3 3 + V4§ + V4§ + V2
8 2
a ° Im,* m,*

= V12 + V22 + 2V1V2

= V12 + V22 + 2V1V2

M," =V +21,V,
+ V2

62




'3

YUKSEK LiSANS TEZI JURi ONAY SAYFASI

NG

GEBZENS,

TEXNiK GadyERsiTes!

GTU Sosyal Bilimler Enstitiisii Yénetim Kurulu’nun 18.01.2017 tarih ve 2017/01
sayill karariyla olusturulan jiiri tarafindan 24.01.2017 tarihinde tez savunma smavi yapilan
Sadik Hazer’in tez galigmas: Strateji Bilimi Anabilim Dalinda YUKSEK LISANS tezi olarak
kabul edilmistir.

JURI

UYE
(TEZ DANISMANI) : YRD.DOC. DR. Saadettin Haluk CITCI .
UYE © DOC. DR. Hiiseyin KAYA Mj

UYE : YRD. DOC. DR. Kurtulus DEMiRKO%D R - S
ONAY
GTU Sosyal Bilimler Enstitiisii Yonetim Kurulu’nun ......... AL 48 /20... tarih ve
............... fusssssinnons BAYII Katart,
IMZA/MUHUR

FR 019/Rev.00/Rev. Tarihi:- /Yayin Tarihi: 01.03.2005





