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Abstract

Corporate insiders, particularly managers, have access to their firms’ private in-
formation as well as control over their firms’ operational decisions. In this paper, we
consider a setting where managers manipulate the firms’ real activities in anticipation
of subsequent insider trading opportunities. We find these managers choose produc-
tion quantities that are strictly higher than the quantities absent insider trading. The
increased production outputs lead to lower firm profits but higher consumer surplus.
When we allow the managers to trade not only in their own firms but also in their rival
firms’ stocks, we find that the competition among insiders in the financial market drives
down the expected insider trading profits and their incentives to distort production de-
cisions. That is, the competition in the financial market softens the competition in the
product market, indicating an implicit substitutable relation between the competitions

in these two markets.
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1 Introduction

The political and academic debate surrounding insider trading is long-standing.! Under
U.S. law, insider trading can be legal or illegal. While corporate insiders can trade their
firms’ stocks legally in compliance with government regulations and their firms’ policies,
the SEC refers to illegal insider trading as "buying or selling a security, in breach of a
fiduciary duty or other relationship of trust and confidence, while in possession of material,
nonpublic information about the security."? Prior research on insider trading in finance, law,
and economics often focuses on the legality of insider trading. In this paper, however, we

intend to evaluate the '

'real" effect of insider trading - how insider trading opportunities
affect the preceding operational decisions made by firm managers.

The "insiders" in the context of insider trading are often directors, officers, or other key
employees of the firms involved. In fact, the majority of insiders have "inside" information
about a firm precisely because they work at the firm. In addition to access to the firms’ pri-
vate information, these corporate insiders typically have control over the firms’ operations.
This paper seeks to address whether insiders use their control of the firms’ real activities to
benefit themselves through subsequent insider trading. Specifically, we examine the inter-
action of managers’ production decisions and stock trading decisions, as well as the role of
information and disclosure in this joint decision process.

It is not surprising that managers use accounting discretions to facilitate their profiting
from insider trades. Numerous analytical studies (Kim and Verrecchia, 1994; Bushman and
Indjejikian, 1995; Huddart et al., 2001; etc.) demonstrate disclosure strategies adopted
by the managers to increase insider trading profits. Empirical evidences also confirm that
managers use nonpublic information or biased disclosures for higher trading gains (Penman,
1982; Elliott, Morse and Richardson, 1984; Rogers and Stocken, 2005; Jagolinzer, 2009; etc.).
However, managers can also manipulate real activities for the same purpose. Prior research
shows that managers often use real activities opportunistically, such as to avoid reporting

loss (Roydhowdhury 2006) or to meet earnings benchmark (Gunny 2005). In this paper, we

'For example, Manove (1989) shows that insider trading discourages investment and reduces efficiency.
Ausubel (1990) and Fishman and Hagerty (1992) show that insider trading decreases the informativeness of
a firm’s stock price. Glosten (1989) and Leland (1992) show that insider trading decreases the firm’s market
liquidity. On the other hand, Manne (1966) argues that insider trading helps reduce agency problems by
aligning the interests of the shareholders and managers of a firm. Bernhardt, Hollifield, and Hughson (1995)
find that insider trading expedites the dissemination of private information and the price discovery process.
Bhattacharya and Nicodano (2001) show that insider trading could improve risk-sharing among noise traders
with stochastic liquidity needs. Laux (2010) demonstrates that investment decisions, specifically related to
the abandonment of projects, can be improved when managers are allowed to time their trading activities
based on insider information.

2See http://www.sec.gov/answers/insider.htm for more details.



show managers could manipulate real activities to maximize their personal trading profits.

Extending Kyle (1985), we consider a setting where an insider is the manager who makes
operational decisions prior to trading in the firm’s equity. We find introducing the possibility
that the manager may trade in the firm’s security creates incentives for increased production
quantity, which is strictly higher than the output quantity absent insider trading. Increased
quantity results because the manager’s ex-ante expected trading profit increases in the vari-
ance of the monopoly firm’s future profit, and this variance is amplified by higher production
quantity. Higher production quantity thus leads to lower firm value but higher expected in-
sider trading profit. When making production quantity decisions, the manager trades off the
loss in his current stake in the firm and his personal gain from insider trading.

This result is largely consistent with the conventional wisdom that insider trading is
detrimental to firm value. Specifically, we show that decreased firm value results from the
upwardly distorted production quantity. However, the effect of the increased production
quantity on social welfare may be quite different — as a higher output often leads to increased
consumer surplus. From a regulatory perspective, this benefit should be balanced against the
well-understood costs of information asymmetry in the capital markets on market liquidity.

We also find that information precision is inversely related to the manager’s ex-ante
expected trading profit. The more accurate the accounting signal, the lower the expected
trading profit for the manager, and the lower the incentive for the manager to distort produc-
tion quantity decision. Thus, the information precision is positively related to the expected
final firm value.®> Further, we find that expected firm value increases in the manager’s cur-
rent stake in the firm, as the manager’s current stake in the firm also reduces his incentives
to distort the quantity decision. These results hold in both monopoly and duopoly product
markets.

When there are two firms competing in a Cournot market, we vary the insider trading
regimes by allowing the managers to trade 1) only in their own firm’s stock, or 2) in both their
own and rival firm’s stock. We find that the manager’s insider trading profit is lower when he
can trade in both his own and rival firms’ stocks than when he trades in his own stocks only.
That is, the competition in the financial market reduces the expected insider trading profits.
The reduced expected insider trading profit also in turn reduces the manager’s incentive to
distort production quantity decisions, thus increasing the expected firm profit.

We contribute to the extant literature in three ways. First, we are the first to examine the

effect of insider trading on managers’ manipulation of real activities. While prior research

3This result is largely consistent with empirical evidence provided by prior studies such as Welker (1995),
Lang and Lundholm (1996), Botosan (1997), Healy, Hutton and Palepu (1999), and Leuz and Verrecchia
(2000).



focuses on managers using their informational advantages and/or disclosure strategies to
increase personal trading gains, our results imply that managers can also exploit their control
over their firms’ operations for the same purpose. Further, we demonstrate the manager’s
actions affect not only his own firm, but also the consumer and the society at large.

Second, our results shed light on the interaction between financial markets and prod-
uct markets. We find that the competition among insiders in the financial market drives
down their informational advantage, a finding similar to that of Holden and Subrahmanyam
(1992). Further, we find that competition in the financial market in turn dampens the over-
competition in the product market, which implies an implicit substitutable relation between
the competitions in these two markets. Thus, policy-makers should take into consideration
the potential effect on one market while regulating the other.

Third, we show that the precision of accounting signals could reduce the expected insider
trading profits, as well as the managers’ incentives to distort production decisions. An ac-
counting system that generates signals of high precision therefore mitigates agency problems,
improves total shareholder value, and helps eliminate informational asymmetry between the
corporate insiders and other traders in the financial market.

Our results are readily testable with empirical data. We predict that a firm whose
CEO has higher percentage of stock ownership is more likely to engage in real activities
manipulation, i.e., overproduction. However, the degree of competition within the industry
in which the firm operates could mitigate the overproduction problem. The more competitive
the industry, the less likely the participating firms overproduce, holding the CEQOs’ stock
ownership equal. The precision of accounting information, which can be proxied by the
volatility of earnings, should also be inversely related to the executives’ manipulation of real
activities.

Prior research on the relationship between insider trading and real activities is sparse.
Similar to our paper, Jain and Mirman (2000, 2002) also combine a Kyle (1985) model with
product market competition. However, their setting is quite different from ours. While
we assume the noise in product market demand is an additive term and is realized at the
end of the game, the noise term in Jain and Mirman (2000, 2002) is multiplicative and is
learned by the manager before the production quantity decision. As a result, the second
order condition is not always satisfied in their setting, and the normality condition of the
Kyle model is violated in some circumstances.

Our paper also relates to prior studies of insider trading and accounting disclosure. Kim
and Verrecchia (1994) find accounting disclosures could actually lead to increased information
asymmetry and less liquidity in a Kyle setting. Bushman and Indjejikian (1995) also show

that disclosure of private information can actually increase the managers’ personal gain from



insider trading by crowding out other informed traders from the financial market. Huddart
et al. (2001) examine the case when insiders must publicly disclose their trades after these
trades are completed. As a result, the insiders adopt a dissimulation strategy by adding
noise in their orders. Gao and Liang (2013) evaluate a firm’s optimal disclosure policy for
the secondary stock market. Accounting disclosure reduces the informational asymmetry
between the insiders and noise traders, but also leads to a less informative stock price and
decreased investment efficiency. Baiman and Verrecchia (1995, 1996) consider principal-agent
settings where the principal offers a best linear contract to the agent correctly extracting the
agent’s anticipated profits from subseqent insider trading. When insider trading profits are
expected to be part of the manager’s implicit compensation, disclosure leads to decreased
insider trading profits and makes it more costly to hire and retain managers. None of these
studies involve product market competition.

The rest of the paper is organized as follows: Section 2 introduces the basic model.
Sections 3 presents the analyses and results for a monopoly setting, and Section 4 extends

the analyses to a Cournot duopoly setting. Section 5 concludes the paper.

2 The Model

We consider an economy with one real good and two financial goods. The real good is
manufactured by two firms, firm 1 and firm 2, that compete in a Cournot market. The two
financial goods are these two firms’ shares, which are traded in the stock market. The linear
inverse demand function for the real good is p = a — q; — ¢, where p is the unit price for
the product; a is the intercept of market demand; and ¢; and ¢, are the output quantities
produced and sold by each firm, respectively. The common market demand faced by the two
firms is uncertain, with @ ~ N (m,, ¥,), and is only realized after the production quantity
decisions have been made.? Without loss of generality, we assume the firms’ marginal cost
is 0.

Each of the two firms is run by a risk-neutral manager, who is responsible for the firm’s
operations. These managers are the "insiders" of their firms, as they have access to their
firms’ information and control over their firms’ operations. At the very beginning of the
game, each manager privately receives a noisy signal about the market demand a. The
signal is 5; = @ +5i, with 6 ~ N (0,%y) and ¢ € {1,2}. The precision of the signal s, Eig,
represents the accuracy of accounting information.

The two firms operate under the same information disclosure regime. Either both firms

4Our assumption of common market demand simplifies the proofs but is not critical. When the two firms
have firm-specific demand information, all the major results remain qualitatively the same.



must disclose their private signals, or neither firm discloses. If the managers disclose the
private signals, the disclosure will be made to all participants in the product market as well
as the financial market. If the managers do not disclose the private signals, then they cannot
disclose to anybody.” We assume the disclosures are always truthful if they are required.

Further, we assume all aspects of the model, including the precision of the accounting system,

1

5, are common knowledge for everybody in the economy.

While we do not explicitly model the initial contracting between the original owners of
the firm and the manager, we presume that, prior to our modelling frame, the managers
were granted a certain amount of restricted stock from the firms at which they work. The
restricted stock amounts to 0 < w < 1 portion of the respective firm’s total value. We
assume that the manager’s current stake in the firm is sufficiently small and does not affect
the availability of the remaining shares being traded on the stock market.® For simplicity,
we assume away any other compensation that managers may get from the firms.

The managers also have the chance to purchase more of the firms’ shares. Following Kyle
(1985), we consider three types of participants in the stock markets. The first type is the
risk-neutral competitive market makers, who set the pricing rules and make zero trading
profits. The second type is the noise traders who, for exogenous reasons, trade randomly.
The third type is the insider-managers who make the quantity decisions for the respective
firms, and observe the final market demand @ = a. The demand submitted by manager ¢ is
denoted d;, and the demand of the noisy trader is denoted @ ~ N (0, %,). The market maker
observes the total order flow ZN)Z-, but cannot distinguish d; or u separately. She then sets the
market clearing price for the firm’s stock, P;.

The timeline of the events is as follows.

1. The manager of firm i learns a private noisy signal of the market demand ;.

2. In a mandatory disclosure environment, each manager ¢ discloses his received signal s;.

In a mandatory non-disclosure regime, the managers do not disclose any information.
3. Manager 7 makes production quantity decisions ¢;, observable by all players.

4. The market demand a is realized, as well as the final firm value V;, both privately

observed by manager i.

5. Manager ¢ submits his order d; to the market maker ¢ to purchase more shares.

>This assumption is largely consistent with the spirit of Regulation Fair Disclosure, which attempts to
rule out the possibility of selective disclosure.

6Since the managers cannot trade the restricted stocks, they only want to maximize the long-term value
of these stocks, not the short-term price fluctuations.



6. Market maker 7 receives a total order flow D; and executes the trades.

In summary, the scenario described is a two-stage game involving quantity competition
followed by a Kyle model. The solution concept we use is a perfect Bayesian equilibrium
found through backward induction. The managers in our setting have two decision variables:
the firms’ production quantities and their own personal investments in the firms’ shares. The
market makers’ problem is to set prices for the firms’ stocks. We focus on linear strategies
of the players, and evaluate the impact of subsequent insider trading on the product market
competition by comparing the production quantities and the expected firm profits under

different trading and disclosure regimes.

3 Monopoly with insider trading

We first examine a benchmark case involving a monopoly instead of a duopoly. The
monopoly case shows how accounting information and subsequent insider trading could affect
an manager’s quantity decision, absent strategic competition in the product market. The
timeline is the same as in the duopoly case. First the manager gets a private signal s =

@+ 0, based on which he updates his belief of the product market demand to (a|s) ~

N Yas+Xgmg Yadg
Ya +Eg ) Y +29 :

If insider trading is impossible, the manager would simply maximize his stake in the

expected firm value. His objective function is

(1) maxw (¢(E [als] — q))

q
YuS + Xemy, 9
= wl|l¢g————m=—- — .
. iy,

The optimal production quantity chosen by the manager is ¢* = % <E“ES:TE§;M> . Since the

market demand is uncertain, the firm value is thus

‘7( N) . 1 ZGS + nga ~ 1 ECLS + Egma
SRS S S S T\, 1, '
It is easy to see that the firm value is normally distributed, with ¢ affecting both the mean

2 2
1 [ Zast+Zema 1 [ Zast+Xgma YaXe
4 Ea+26 > 4 Z(7,“1’29 E(7,“1’219 ’

and the variance of the firm value, V~N

We then examine the scenario when insider trading is allowed. The manager chooses

production quantity ¢ by maximizing his total payoff
(2) ElwV @]+ EM@).

6



Given g, the firm value is V ~ N ( <E“Z%E§;”“ — @) , &ﬂg;‘%gg ." The manager then observes

the realized market demand @ = a, or V' = V. He and the noise traders both submit their
demands, d and u, respectively, for the firm shares to the market maker. The manager does
not observe the noise traders’ demand wu. The total order flow received by the market maker

is D = d + u.The market maker sets the market clearing price by setting

(3) P(D)=E|V|ID=d+u.

The manager decides his demand d by maximizing his personal trading profit
(4) E [(V—P(D))dW/:V .

As is standard in the Kyle model, we focus on linear strategies of the players. That is, the

manager uses a linear strategy in determining his demand by setting
d(V)=a+ 8V,

and the market maker uses a linear pricing rule

(5) P<E+ﬂ>=u+>\(i+a).

Proposition 1. In a monopoly product market with subsequent insider trading, there exists a

unique linear equilibrium characterizing the strategies of the manager and the market maker

as follows:
Yas+Xgma o
Euzg Eat3g q);
2a+29
p= zuze
Tatsg
_ 2a3+26ma . A
:u - Sa+3g )
N= 4 [ ZaZe
23 Yat+Zp’
and

1 S + Xgmy PIIN
S | W e LN b 3 e I
4 4w<w S ry, “2a+29>

"Normality of the final firm value is a critical condition for obtaining the results of our paper. Bagnoli et
al. (2001) and Noeldeke and Troeger (2001) show the necessary and sufficient conditions for the existence
of a linear equilibrium in the Kyle model.

Proof. See appendix.




Proposition 1 presents a result similar to that of a one-period Kyle model, but incor-
porating a real production decision by the manager. Allowing insider trading distorts the
manager’s incentive when making the quantity decision for his firm. Since the mean and
the variance of the final firm value are both functions of ¢, the quantity decision affects the
manager’s subsequent trading decision, as well as the market maker’s pricing strategy.

When insider trading is banned, the production quantity is % (E“Z%Egg”“) . When insider

trading is allowed, the production quantity ist (20.12‘121%2;3:“ + 4 /EUEiGTEEG@> . It is obvious
that the production quantity is always higher when insider trading is allowed. This result
occurs because the manager’s ex-ante trading profits, E [II] = g v/ 2w Eza‘fgg, increase in g.

The manager thus has incentives to increase the production quantity beyond the profit-

maximizing level.

One implication of Proposition 1 is the potentially improved consumer welfare as a result
of insider trading. When the manager of the monopolistic firm has the opportunity to trade
as an insider, the production quantity decision will be upwardly distorted. The consumers of
the real good will therefore enjoy the lower selling price of the firm’s products, hence higher

consumer surplus.

Corollary 2. In a monopoly product market with subsequent insider trading, the manager’s

ex-ante expected trading profit is

22 1 220

E I} = a Eu— — 2y —,
] =m St Y, 2w Y. + 5,

which decreases in the manager’s stake in the firm w and accounting precision 2%9

Proof. See appendix.

The result presented in Corollary 2 is intuitive. The manager’s ex-ante trading profit
is a function of the variance of the firm’s value. The higher the firm value’s variance, the
higher the informational advantage the insider has. Thus, the precision of the accounting
signal affects the manager’s expected trading profit in a negative way. The more precise the

accounting signal is, the less trading profit the manager can expect.

Corollary 3. In a monopoly product market with subsequent insider trading, the ex-ante

expected firm profit is

_ | S, 5
EM: d?m? — 5,020
1662 ( RS S Ry 5

which increases in the manager’s stake in the firm w and accounting precision ELG

8



Proof. See appendix.

4 Ea+20
It is obvious that the expected firm profit is lower when insider trading is allowed. The ex-

_ 2
When insider trading is impossible, the expected firm profit is 1 <E [MD — ma

ante expected firm profit with insider trading is lower than the monopoly profit due to the
distorted quantity decision. Essentially, the manager trades off his current stake in the firm
and his personal gain from insider trading when making the production quantity decision.
Thus, the higher the manager’s current stake in the firm, the less distortion in his quantity
decision, and the higher the firm profit.

We can also see that the expected ex-ante firm profit increases in the accounting precision

1
P

profit and thus his incentives to distort the quantity decision. A very precise accounting

This result occurs because accounting precision reduces the manager’s ex-ante trading

signal would thus prevent managers from engaging in subsequent insider trading, and hence
improve total firm value.

Note that since we assume the production quantity is observable by every player, the
disclosure environment does not play a role in the monopoly case. After the manager receives
a private signal s, the disclosure of this new information will only affect his quantity decision
in the presence of a strategic rival in the product market competition. Once the production

quantity is observed, all private information contained in s is also revealed.

4 Dwuopoly with insider trading

Next we examine the case when there are two firms competing in a Cournot product
market. Having two firms brings significant impacts in both the product market and the
financial market in our setting. In addition to the expected change in product quantity

decisions, it also changes the behavior of managers when they make trading decisions.

4.1 When insider trading is not allowed

When insider trading is not allowed, the manager of each firm simply maximizes his own
stake in the firm. In a mandatory disclosure environment, both managers have to disclose
their private signals, s; and s;. Thus they both get to use the two signals to update their

belief about the market demand to (alsi, s2) ~ N (Eem“+2“(sl+s2) Za X ) Manager 1’s

22&“1’29 ) 2Ea+29



problem is:

(6) maxw (1(E [als1, 52] — @1 — q2))
B Yoma + Lo (51 + 52)
= w <q1 P ¢ (¢ + q2)

Manager 2’s problem is symmetric. Solving for the production quantity as in a standard

Cournot problem, we have
* lzema + ZaL (51 + 52)
L RS S S

In a mandatory non-disclosure environment, the managers only observe their respective

signals privately. Therefore, they only get to update their beliefs about the product market

demand a once. For example, manager 1 believes that the market demand is (a|s;) ~
N (Easl—i-Egma, YaXp

Yo+ ! Y+
only expect firm 2’s manager to make production quantity decision based on the original

). Since manager 1 does not observe manager 2’s signal s, he can

information a.

Manager 1’s problem is therefore:

(7) max w ((Elals1] — g1 — Ega]))
— o nZ (4 Bl

Taking the first order condition with regard to ¢; and setting it to zero, we have

1 Xsi+ Yem, 1

- 5L [Q2] :

8 P
(8) N SIS S 2

Since manager 1 doesn’t know the signal received by manager 2, and manager 1 knows that

manager 2 doesn’t know manager 1’s signal, he expects

(9) Elg) = %ma - %E @] -

Applying symmetry and solving for the production quantities, we have

1(Sp — Sa) Ma + 25as:

=3 Y, + 2y

10



4.2 When managers only trade in their own firms’ stocks

When insider trading is allowed, we first consider the case when each manager trades in
his own firm’s stock only. That is, the two firms compete in a duopolistic product market,
but their managers still act as the monopolistic insiders of their respective stocks in the
financial market. Thus, the second stage of the game (Kyle model) is similar to that of the
monopoly setting, while the first stage of the game (Cournot) is different.

The manager ¢ has two decision variables. First, he chooses production quantity ¢; by

maximizing his total payoff

(10) E |V @)] + B[ @)

Second, he chooses his demand for his firm’s share, d;, by maximizing his total trading profit
(11) E(Vi- P (D)) iV =] .

In the second stage of the game, the market maker determines the market clearing price for

firm ¢’s stock by setting

(12) P, (D;) =FE|V;|D; =d; + u].

Again, we focus on the players’ linear strategies. Manager i’s is
d; (Vi) = o + 51‘717

and the market maker ¢’s pricing rule is

(13) B(Jiw):uiﬂi(clﬁ).

4.2.1 In a mandatory disclosure environment

In a mandatory disclosure regime, the firms must disclose s; and sy to the public.

All players get to update their beliefs about the product market demand to (alsi, s3) ~

N Eema+2a(51+32) Zazg Eema+2a(51+52) = Z
25+ ? 28,4+ 2%+ q1 :

) . Thus, given ¢; and @3, firm 1’s final value is Vi~ N <Z[1 (

Proposition 4. In a Cournot product market with mandatory disclosure, and subsequent
wnsider trading where the managers only trade in their own firms’ shares, there exists a

unique linear equilibrium characterizing the strategies of the manager i and the market maker

11



i, where i,j € {1,2}, as follows:

= ——Zu <29ma+za(si+sj) B 2@) 7

Sy 2Xa+%0
Zh oS

~ (% a+2a( i+ ) -~
Hi =4 < 9m22a+289 - 2q> ’
q

)\. — / 2(126
T 24/ Eu 22}(},"’2:97
~ ~ ~ 1 Eema + Ea (Si + s ) Eaze
“=9%5=97 %, ( Yoy, vy, Vs vy,

Proof. See appendix.

and

As with the results in Proposition 1 about a quantity-setting manager in a monopoly,
the results in Proposition 4 reflect the change in the nature of the product market structure.
Comparing the manager’s quantity decisions when insider trading is not possible, ¢ =

1 29ma+2a(8i+8j) . , . . . . . . . ~
3T, and the managers’ quantity decisions when insider trading is allowed, q; =

1 Boma+La(sits;) 3aXg . : -~ * :
o (Zw RN + 4/2 ey ) obviously we have ¢; > ¢ again.
Similar to the monopoly case, we can expect improved consumer surplus as a result of the

increased production quantities. Thus, the possibility exists that subsequent insider trading

also improves consumer welfare in a duopoly market.

Corollary 5. In a Cournot product market with mandatory disclosure, and subsequent in-
sider trading where the managers only trade in their own firms’ shares, manager’s ex-ante

trading profit is
mye Eaze Eu Zazé'
E Hz = u ’
L =By, o, F e, 15

which decreases in the manager’s stake in the firm w and accounting precision 2%;

Proof. See appendix.

This result is also similar to that of Corollary 2. The sum of the two manager’s expected
trading profit in a Cournot product market is only a % of the manager’s trading profit in
a monopoly market, indicating that product market competition reduces insider trading
profits. In a duopoly setting, the accounting precision also decreases the manager’s ex-ante

trading profit.

12



Corollary 6. In a Cournot product market with mandatory disclosure, and subsequent in-
sider trading where the managers only trade in their own firms’ shares, each firm’s ex-ante

expected profit is

~ 1 Ea29 1 2azq‘)
E |:V;:| =— 12 a Eu— a | 5 2 a Eu— >
6w ( Witta | 22a+29) (m (Bw ( Wita T Suos T,

1

which increases in the manager’s stake in the firm w and accounting precision =5

Proof. See appendix.

This result is very similar to that of Corollary 3, showing that the production quantities

chosen by the managers in the Cournot firms are distorted due to the subsequent trading prof-

N
its. The expected firm value when insider trading is not allowed is § (E [%W} ) =
a 2

ng,WhiCh is larger than the expected firm value when insider trading is allowed. The amount
of distortion is however smaller compared to the monopoly case, because the manager’s ex-
pected gain from the insider trading achieved through the quantity distortion is smaller.
Further, we show that expected ex-ante firm value in the Cournot setting still increases in
the manager’s current stake in the firm and the accounting precision, both of which decrease

the manager’s incentives to distort the firm’s quantity decision.

4.2.2 In a mandatory non-disclosure environment

In a non-disclosure regime, manager 1 does not see the signal received by manager 2. At
the decision time for ¢;, he can only update his belief about the product market demand

to (a|sy) ~ N (Zasﬁz@m” a2y ) . However, after he observes his rival firm’s production

Ea+29 ) Ea+29
decision ¢, he could back out the signal s, and thus further update his belief to (a|sy, s3) ~

N Soma+Za(si+s2) XuXg
2%+ 7 23,40

undertake the same updating of a.

) . The market makers also observe both ¢; and ¢, and are able to

Proposition 7. In a Cournot product market with mandatory non-disclosure, and subse-
quent insider trading where the managers only trade in their own firms’ shares, there exists

a unique linear equilibrium characterizing the strategies of the manager i and the market

13



maker i, where i,j € {1,2}, as follows:

L Yasi+XeMma A
o = \/ SaT, ( YetX q; q; |

B

and

Proof. See appendix.

The result presented in Proposition 7 is a combination of Kyle model and Darrough
(1993). While Darrough (1993) models firm-specific market demand with different precision
in the accounting signals, we assume common market demand and common accounting
precision. The resulting strategies are however qualitatively the same.

In the non-disclosure regime, manager ¢’s trading profit is

1 Zasi + nga Eazg Eu Zazg
14 B = (2ot ) s, ,
(14) L] 6< o + 2o m) 25+ Xy | 12025, + %,

and the expected firm profit is

~ 1 Yasi + Xemy, DI I Yo (8i+ 2s;) + 3%gm,
15 E[Vi]z— o (gZedi T Z0Ma o8 J .
(15) 6w(“< S+ 2 m)+ 2za+29> 3 (S, + 2g)

Note that since s; and s; are noisy but unbiased signals of the market demand a, the expected
production quantity F [g;] at time 0 (before the managers learn s; and s;) are the same in
a mandatory disclosure regime and in a mandatory non-disclosure environment. Therefore,
the ex-ante insider trading profit and firm value are also the same in the two disclosure
environments.

Another interesting case of insider trading regimes is when the managers can trade only
in his rival firms’ stocks, instead of his own firms’ stocks. This situation could happen when
managers are forbidden from engaging in insider trading. Huang (2006) examines "substitute
trading" when an manager trades in the stocks of a firm whose realized value is correlated
with his own firm’s. In our setting, since the two firms are symmetric and manager 7 is a

complete insider of manager j’s firm, the managers’ payoffs would be exactly the same as

14



when the managers trade only in their own firms’ stocks. Thus, managers in our setting

would have the same payoff regardless the legality of insider trading.

4.3 When managers trade in both their competitors’ and own

firms’ stocks

Now we allow the managers to trade in both their rival firms’ and own firms’ stocks. This
new assumption leads to duopolistic competition of the two managers both in the product
market and in the financial market. The manager i still chooses production quantity g; by
maximizing his total payoff

E [wf/i (@)] + B[IL (§)] -

He chooses his demand for his own firm 4’s share, d;;, by maximizing his total trading profit

in firm ¢’s shares

(16) E |:(‘/i_15i (ﬁz>>dzz|‘7z:v;} ;

and his demand for firm j’s share, d;;, by maximizing his total trading profit in firm j;’s
shares

(17) B |(BWIvil =P (D;)) dlVi = Vil

The market maker for firm ¢’s stock sets the market clearing price by setting
(18) P, (D;) = EV;|D; = d;; + dji + ul .

Manager ¢’s linear strategies are

(19) dii (Vi) = aui + ﬁu‘z
and
(20) dz’j (Vz) = Q45 + BW‘Z

Lastly, the market maker ¢’s linear pricing rule is

(21) R(elﬁc@ﬁﬂ):ui+Ai<cﬁi+cEi+ﬂ).
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4.3.1 In a mandatory disclosure environment

In a mandatory disclosure regime, all players update their beliefs about the product
Zgmae+Xa(si+s2) _TaZe

market demand to (a|s1,$2) ~ N ) . Thus, given ¢; and @3, firm 1’s

22a+26 ) 2Ea+29
.5 ~ [ Zgma+Xa(s1+s2) ~ ~ ~9 ¥,Ys
value is V) ~ N <q1 (W — 41— Q) Qg T, ) -

Proposition 8. In a Cournot product market with mandatory disclosure, and subsequent
insider trading where the managers trade in both their rival firms’ and own firms’ shares,
there exists a unique linear equilibrium characterizing the strategies of the manager i and the

market maker i, where i,j € {1,2}, as follows:

R o VX Eema+2a(5i+5j) o
Qi = Qi = e SR 2q),
2X,+32p
B = Bji = 1%
1) 7t q _Za>g
254 +3y
=~ Eema“rza(si‘i’sj) ~
Hi = 4 ( 2% 0 +2g - 2q )
203y
'\ 2Za+3y
No=1
3 V3

and

R 1 Yoma + Lo (s; + 55) Yo
— (3 j n, e )
%= 9, ( YTy vy, + 2, 1 %,

Proof. See appendix.

Compared to Proposition 4, Proposition 8 reflects the change in the players’ strategies
as a result of the change in the financial market in addition to the change in the product
market. We know firm i’s quantity decision is 5- (3w%j(§;+%) + 4 /2. 25;3%9) when
insider trading is allowed and the managers trade in both their own and rival firms’ stocks.

Firm 4’s quantity decision is <2ww SERNYD e 222 > when insider trading is

6w 230+ U2N o+
allowed and the managers only trade in their own firms’ stocks. Firm i’s quantity decision

is %%ﬂ;ﬁ“ﬂ when insider trading is not allowed. Obviously the quantity decision is
lowest when insider trading is not allowed, and highest when insider trading is allowed and

the managers only trade in their own firms’ stocks.

Corollary 9. In a Cournot product market with mandatory disclosure, and subsequent in-
sider trading where the managers trade in both their rival firms’ and own firms’ shares,the

manager’s ex-ante trading profit is

o Zu ZaZQ + Mg Zazﬁ
C2Tw28,+%y 9 Y28, + X’

E 1L
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which decreases in accounting precision 2%,

Proof. See appendix.

Compared to the expected insider trading profit when managers only trade in their own
firms’ stocks, his trading profit when he can trade in both firms’ stocks is much lower.
This result is consistent with Holden and Subrahmanyam (1992) in that competition in the
financial market reduces insider trading profit. Interestingly, the reduced insider trading
profit also reduces the manager’s incentive to distort the firm’s operational decisions. Thus,
when managers trade in both their own and rival firms’ stocks, the production quantities
are lower, and the expected firm profits are higher, than when managers only trade in their

own firms’ stocks.

Corollary 10. In a Cournot product market with mandatory disclosure, and subsequent
wnsider trading where the managers trade in both their rival firms’ and own firms’ shares,

the firms earn an ex-ante expected profit

E\Vi| = — | 3wmg + /Yy o= 2| — | 3wmg + /Xy ,
[ } 9w ( Witta + 22a+29> (m <9w < Wita + 22a+29>>>

which increases in the manager’s stake in the firm w and accounting precision 2%9

Proof. See appendix.

Comparing the expected firm values in different insider trading regimes, we know the
firm value is lowest when insider trading is allowed and the managers trade in only their own
firms’ stocks, and highest when insider trading is not possible. The expected ex-ante firm
value when insider trading is allowed and the managers trade in both their own and rival

firms’ stocks is ranked in the middle.

4.3.2 In a mandatory non-disclosure environment

In a mandatory non-disclosure environment, when the managers are allowed to trade in
both their own and rival firms’ stocks, the strategies of the managers and market makers are

characterized as follows.

Proposition 11. In a Cournot product market with mandatory non disclosure, and sub-
sequent insider trading where the managers trade in both their rival firms’ and own firms’

shares, there exists a unique linear equilibrium characterizing the strategies of the manager
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i and the market maker i, where i,j € {1,2}, as follows:

oy — 1 V3 _ TematBasi 5 5
Oy = Oy = \/QA2 = S (2% QJ) ( TatSe qi qj |,
% \/2a+29
/311 - /sz - 2/\27/\2 EQEG )
V4G s,
~ Yoma+3as; /\ ~
IU/i ( ]) ( Sa+Z0 L — q; — qj> ’
A~ A~ Ea
A — 2q;—-4; \| Tat %
i 3 Noom

and

Proof. See appendix.

Again, since s; and s; are noisy but unbiased signals of the common market demand
a, the expected production quantity F [g;] at time 0 is the same in a mandatory disclosure

regime and in a mandatory non-disclosure environment.

5 Conclusions

In this paper, we intend to identify and evaluate a previously overlooked consequence of
insider trading: real activities manipulation through overproduction. Specifically, we study
insider trading in a setting where the manager of the firm also makes operating decisions in
anticipation of subsequent insider trading opportunities. The effect of operating decisions
on the variability of future firm value is the channel through which operating decisions also
influence subsequent insider trading.

We find the production quantity with subsequent insider trading is strictly higher than
quantity absent insider trading, leading to lower expected firm value but potentially higher
consumer surplus. We also find that the competition among insiders in the financial market
drives down the expected insider trading profits and results in less distorted production
decisions, suggesting a substitutable relation between product market and financial market
competition.

Our results have some important policy implications. First, allowing insider trading in
our setting hurts shareholder interests, but benefits the consumers. Second, the product
market and the financial market are interrelated. When one market is being regulated, the
other market will be affected as well. For example, restricting some insiders from trading in

a firm’s stock softens the competition in the financial market and leads to higher expected

18



insider trading profits, but intensifies the competition in the product market by giving the

managers incentive to overproduce.
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Appendix

A Proof of Proposition 1:

We use backward induction to find the solution to the problem.
In the second stage, we know both the manager and the market maker use linear strate-
gies. That is, d <1~/> =a-+ 617 and P <£lv+ ﬂ) =+ A <£lv+ ﬂ) . The manager determines

his demand d for the firm’s shares by maximizing his trading profit
(22) mng[(?—u—A(c’lv—i-ﬂ))dﬂN/:V}
= (V—-p—Xd)d.
Taking the first order condition w.r.t d and setting it equal to zero, we get
(23) d=—+— V

Clearly, d is a linear function of V' with a = 5§ and 8 = 5

Based on the manager’s signal s, we know that the market demand is (a|s) ~ N (E“E‘”Jfg;”“ , EE‘fE:) :

The corresponding final firm value is thus V ~N ( (E“E%E{’::“ — Z]\) ,?Eif{,fo) . Since D =

Ya+20 Ya+Xg

a+f3 <V + ﬂ) , we know D is normally distributed with D~N (a + 5@(M _ q) BRI L

The market maker’s market clearing condition is

p(D) = E[WD}
(24) — E[Wwﬁf/m}
= p+A(d+u),

indicating D and V' have a var-cov matrix

-2 Ea29 /6/\2 EO,EG
Ya +Eg Ea-‘rzg
~2 ¥adg 27~ 3adg
Brses, B as s, 25

The market maker draws inference from D and updates her belief about V by setting

/BAQ EEEO

25 A= et
) BPPEa + By

22
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and

~ g2
[ Sas + Sema B sk (Sas + Sema
26 =0l 4| T o+ —_ .
(26) a q( Yo+ 9 q) FPsee + 3, & Yo+ X 1

Solving for the unknowns, we have

TuX Yo+ 20
Tty
V2
B = —F— e
q Za+29
o~ YuS + XMy o~
:u - q Za+20 I
13 BN
» = 2L s,
23, Yo+ 20

The price for the firm’s stock is therefore

1 [ [(Zus+2gmg SO 1 YaXig ~
2 D)= -g| (220 —9) + =1/%. .
(27) p(D) 2q<< S + % q)+(a DES 2a+29u)

The manager’s demand for the firm’s stock is

V2 YuS + DMy
Yo+ 20

q
XX YaXp
Ya+20 Ya+Xg

The manager’s trading profit is therefore

(1)

[ [~ SustSgma -~ A SastSgma A~ ~ o~ Tady ~
(222 0) - 1((2e ) -0+ 2 BEED)

(28) d=—

(29) = E
No» YustNema |~ Y.~
e (Bxttame — ) + L @)
Tatsg Tatsg

vV,

o Z(LEQ
2 Ea +29

(@@-9)-qla—79)°
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Conditional on not yet knowing a, the above trading profit is

R
L[5, e
2V s, o

Now we consider the first stage of the game, when the manager makes the quantity

decision for the firm. The manager’s objective function is a combination of trading profits

IT and firm value V. The manager’s problem is:

(30) maxFE [II] + w [V]
q
Yos + Xgmg q Y.
o (PetTeme N LT[ TS
Yo+ 20 2 Yo+ 2o

Taking the first order condition with regard to ¢ and setting it equal to zero, we have

Yas+Xgmg YaXg
2w ( Tatg ) NIRRT ssr

4w

qg=

B Proof of Corollary 2:

From the proof of Proposition 1, we know the manager’s trading profit is

B[(7-r)d =5 s,

E Zag—i— YoMy DI IP: LZ DI
Yo+ 20

uEa—l—Eg * 2w u2a+29'

Since the E [5] = m,, we know the E [%E;;”“] = m,. Thus the above simplifies to

da2lp 1 D3I
E ] = mgq /2, — .
= mey g 2o, Yo ™s,
Taking the first order derivative of F [IT] with regard to ¥y, we have
0 DIy 1 a0
aw a EU _ZU—
%% (m Vs s, 2a+29)
1 Ea Eg 20
= —— Yy —— o |\ BEug——= >0.
2w29(2a+29)( 2a+29+“m> o+
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1

Thus E [II] increases in Xy, or decreases in 3.

C Proof of Corollary 3:

When insider trading is allowed, the expected firm profit is

EV) = E(E@G- @) 2
- e (o (o) o)

1 I
= 4w?*m) — Ty o :
162 ( M 2a+29)

Examining the relation between expected firm profit and the manager’s current stake in the

8 1 EaEG
T(BV]) = =[5
oo EVD =g\ >y s, =0

indicating F [V] increases in w. Examining the relation between expected firm profit and g,

firm,

9] 1 o Xy

— (E S
829 ( [V]) 160.72 a(za + Zg)2 < Oa

indicating E [V] decreases in ¥y, or increases in accounting precision Eie

D Proof of Proposition 4:

Again, we use backward induction to find the solution.

In the second stage, manager 1 and the market maker 1 use linear strategies d; (V1) =
o + 61‘71 and P, (071 + 17) =y + A (c?l + ﬂ) . Manager i determines d; by maximizing his
trading profit

(31) moxE [(ﬁ—ul—h (071+a))d1|ﬁ71 le]

= (Vi—py —Midy) dy.
Taking the first order condition w.r.t d; and setting it equal to zero, we get

—Hq
2 = —
(32) o o

25



and
(33) By = ——.

Based on the two managers’ signals s; and ss, we know that the updated market demand

29ma+2a(51+32) Eazg
2t ) S S

is (alsy,s9) ~ N ( ) The corresponding final firm value is thus V; ~

N (21\1 <%i(§;+s2) - Z]\l —a\g) /q\12§ f% ) . Since 51 = (7 —|—B1 <"71 +ﬂ> , We know 51 is
.. = Somat+Se ~ o~ ~ S

normally distributed with D; ~ N (oq + 6141 (%(;;“2) -1 — qQ> B33 gﬁgg + EU) :
We also know that V; and D; are bivariate normal with

~ ~ [ Ygmq+3q(s1+s2)  ~  ~ ~ 0,5 ~0 ¥aX

Vi) ‘i < 20ty ‘i Q2) @ ox e Bt 55

n ~ [ Zoma+Za ~ ~\ DIIDS 2~ 5,35

Dy a1+ B <%§;+82) —q1— (J2> 6151%22 +%9 61(1%22,#%9 + 2y

Market maker 1 thus decides that

(34) )\ /qul 222:: f%g
1=
Bt s, + S
and

o (Zgma+ X (s1+82) . .
H = @1 — g1 — (g2

22X, + X
51t 3574 Yoma + Xq (51 + 82)
35 —~ 2T>o a1 + B4 8¢ — 0 - .
(35) 5?@%222 fge + 3, ( 1+ 811 ( 2>, + g 4 Q2>)

Solving for the unknowns, we have

vV Eu (nga + Ea (81 + 82) ~ A)

« = — — —
! S 2%, + D¢ “ @
I3
N>
p = —F—
—~ Eazg
N/ 35,15,
B Yomg + Xq (31+32)_A_A
Hy = 7 25 + X q1 — g2

1 Z]\l Zaze
A o= —onm,
! 2%, 2%, + %y

The price for firm 1’s share is therefore



P (D) =

§Q1 25, + 5, — 41— (42

1. . 1 Y20 -
36 —a@G—-q - i Dl
(36) 50 (a—q— @)+ 2Euq1 2Ea+29u

and manager 1’s trading profit conditional on not knowing V] is

1/\ (Egma+2a(81+82) —~ A)

(37) E|(Vi-P)d]

_ @ E Eaze
2 \/ u22a+29-

In the first stage, manager 1 decides his production quantity ¢; by maximizing his total

payoff. His problem is:

maxwF [‘71] + E[114]
@

~ EQma + Ea (51 + 32) ~ ~ qu Eaze
38 = - — =/,
(3) o ( 2%, + % S R s sy 5

Taking the first order condition with regard to ¢; and setting it equal to zero, we have

26ma+2a(31+52) o~ Yadg
2“( 2T+ @) T Yugss,

4w

=

The problem facing manager 2 and market maker 2 is identical. Applying symmetry, we

~ 1 Eéma + Ea (31 + 52) Eaze
= — |2 Do
L= 2=, ( YTTTon 1y, + 2, 1 %,

have

)
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E Proof of Corollary 5:

Substituting the solutions from Proposition 4, we know the manager ¢’s expected trading

profit F [I;] is
[(Vl )dl} B E?] V 2“22?—%629

. Zu EGZQ 1 nga + Za (gz + g]) > ZGZQ
o 12w28,+ %y 6 25, + Xg RP)INED 3P
Yu DX “ DI
(39) — a0 Ma [y ZaZ0
12w 2%, + > 6 2%, + g

Taking the first order derivative of F [II;] with regard to Xy, we have

0
—F[IT;
o5, [1L;]
>
1%, YMat+ 4/ ZaXuss, 5, T3
— PN > 0.
6(,0 29 22 +29 22 —|—29

F Proof of Corollary 6:

Given the solutions in Proposition 4, the expected firm value when insider trading is

allowed is
EVi] = ElE[ mErA))
_ L 2 Egma —f- Z (Si —|— gj) n Eu EGZQ
ow 2>, + X 22X, + X
Yomg + Xo (5i +55) _ g 1 o E Yomg + Xo (5i +55) s, P I
22 + Zg 6w 22(1 + 29 22(1 + 29
1

D

S5, 1 S5,
- 2omy + 1 Dot L 20mg + | Sy el .
w ( Wit + 22a+29> (m <3w < Wit + 22a+29>)>

Further, taking the first order derivative of F [V;] when insider trading is allowed, we

have

- E V]

25,389 + (2wXemg + wema) 4/ BaXugs 2%, +29

p— O-
187 (25, + 59) ”
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Again, we see the expected firm value increases in the manager’s stake in the firm. Taking

the first order derivative of E [II;] with regard to 4, we have

0
8_29E Vil

P
1 % wma—{—Q,/EaEua— >
@ 2t \/ )3 0,

— = —— <
18w2 29 22(1 + 29 22,1 + Eg

the expected firm value increases in the accounting precision zlg

G Proof of Proposition 7:

All market participants including the managers and the market makers observe the quan-

tity decisions ¢; and ¢3. They also all agree that the variance of firm 1’s value Vi would be
-~ EaEG
1 22a+29 :

Manager 1’s trading profit conditional on not knowing V; is also the same, %1, /3, 25:_%%9

In the first stage, manager 1 chooses his production quantity ¢; by maximizing his total

The solution to the second-stage game is thus the same as in Proposition 4.

payoft:
maxwkF [‘71} + EIL]
q1

YiaS1 + 2gmy

40 - ZaSLT 20Me 5 By, a0
40) o < ARSI [QQ]) oV ey, 1y,

Taking the first order condition with regard to ¢;, we have

Yas1+Sgma ~ 3%
W ( Soow, P [Q2]> o e

q1 = Ao

Applying symmetry, we know

Yas1+Sema ~ Y%
W ( SR [Q1]> o Zumm

G2 = 1o

Since manager 1 does not know manager 2’s signal s, yet at this stage of the game, he can

only expect firm 2’s manager to make production quantity decision based on the original

2w (ma - 21\1) + \/ Eu2§¢jf%e

4w

information a. Thus we know

E [@2] =

29



and

2w (mg — @) + \/EUQXE;'LE%
Eq) = °.

4w

Solving for unknowns, we have

—~ 1 YuS1 + Xemy, DI IP:
= |ow(gZedL T 20 D
! 6w(°"( S+ 2 m)+ 2%, + ¥

N 1 YiaSo + 2gmy Yiadig
S (TN B he i e L TN 5 e T I
e~ 6w<w< S+ m)+ 2%, + X

H Proof of Proposition 8:

and

Let di; <‘71> = aq1 + 511‘71 be the demand manager 1 submits for firm 1’s shares; and
dis <‘71> = (1 —1—512‘71 be the demand manager 1 submits for firm 2’s shares. Let dao (%) =
99 +522‘72 be the demand manager 2 submits for firm 2’s shares, and dy; (%) = Qo9 +521‘72

be the demand manager 2 submits for firm 1’s shares. Market maker 1 sets the linear pricing
strategy py (cjn + 6721 + '171> = +M (JH + 6721 + 61> , and market maker 2 sets the strategy

D2 (6722‘1‘0712—?—&2) = fy + Ao (0722+6712+a2>-
Manager 1 maximizes his trading profits from both firm 1’s shares and firm 2’s shares

{5 - 3) li = v]  2[(5 5] - 2) s - ]

Since the production quantities are public information, and both managers observe the re-
alized common market demand a = a, the two managers know each other’s firm values

perfectly. That is, manager 1’s objective function is

drll}%}l(2E [(171 —ﬁl) d11|‘71 = ‘/1] +FE [(‘72 —ﬁ2> d12|‘~/2 = V2]

= (Vi—py — A (din +dar)) din + (Vo — pig — A2 (di2 + da2)) dia

Taking the first order condition with regard to d;; and d;» we have

‘71 — g — 2Xidyy — Aidgy = 0,
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and

‘72 — [y — 2X9d1a — Aaday = 0.

Manager 2’s problem is symmetric to manager 1’s. Thus we know

1

dyp = 2)\1 ( Vl + g+ )\1d21>

dipg = T ( V2 + o + )\2d22>
1

dyp = T ( V2 + o + )\2d12>
1

d21 = 2—>\1 ( 1+ Hq -+ A d11>

which is equivalent to

— — M _ _ 1
Q11 = Q21 = 337 P11 =B = YR
— _ TH2 _
Q12 = Q22 = 33" P12 = Bag = 32"

We know that market maker 1’s strategy is

P <ﬁ1> = W+ >\151
= +N <CY11 + 611‘71 + ao1 + 521‘72 + 771) .

Tgma+Ya(s1+s2)  ~ ’\)

Again 171 and lN)l are bivariate normally distributed with mean values q; ( .15, 91— Q2

-~ Yomae+X (81+82) ~ ~ ~ Yomae+X (81+82) ~ ~
and a1 + 511 @1 (—‘;Eajzg — 1 — @) +ao+ By .y, @1~ G2, respec-

tively. Their var-cov matrix is

52 _XaXe 22 a5
[ 135,15, Budi 2 et g

9 £,5 I
511Q%22a+§9 (511‘11 + 621?12) 2Ea+§39 + 2

Thus, we have

5 ~2 ¥aXg
1149135, 75,

(511‘]1 + 521‘12) ﬁf;e +3,
m = BV -nE|D),

Bonlly 55
(522‘12 + 512(11) ggzafge +3,
4, = E [VQ} ~\ME [DQ] .
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Solving for all the unknowns, we get

. 1 3 Egma-i-Z (81+82) ~ o~
= ———— e (201 — P2) (—mﬁg -G —G),
\/2q1 a5 \/22a+g 0
atZp
_ 1 VE Ygma+a(s1+s2)  ~ ~
Qi = — PSP = ; (2(]1 - 91) ( 25,8 —q2—q1),
\/2‘12 a7 \/ azg 0
28 +2g
B = L YR
A~ ~ 9 )
VvV 2q -3 2EZ+E€
6 _ 1 V2
12

- o o XaX )
V253 22a+g9
Yoma+Xa (51+52) ~ ~
py = (201 — @) <—32a+29 —q1—q2),

TaZy
72322 \/ 2Ta+3,

For manager 2 and market maker 2, the solutions are symmetric.
Substituting the solutions into manager 1’s total trading profit £ [(V] — iy — A1 (d11 + da1)) dii]
E (Vo — py — Ay (dy12 + dag)) dy2], conditional on manager 1 does not know the final value

of a, we know his total expected trading profit is

1 V2
N

220,“1'20

(V- v 1)

(7 v )

3\/2612 —ql \/22a+29
DI Yo%
\/ 2 2%, gg 2 \/ 2 2%, gg

2Q1_Q2 3 26%_6%'

Manager 1 thus maximizes his total payoff by choosing quantity ¢;:

X 29 2 EEEO
(A (Egma + X, (51 + $2) )) Yiugs +29 7 U, 15,
a1 -0 — ¢

2% + X9 2(]1_‘12 3 26%_@?

maxw
A

Taking the first order condition with regard to q;, we have

Yomg + 2o (51 + 5 PR 1/ DY 20, (@2 — ¢2 4102
w( 0 (s1 2)—2q1—q2>+— 5, 0 1 (@7 %3)+ 4193 ] =0
2.+ 20 3 2, + 20 (26% _ a%)ﬁ (26% _ a%)i
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Manager 2’s problem is symmetric. Applying symmetry and solving for ¢; = ¢, we get

~ 1 Zﬁma + Za (81 + 32) EaEH
3 o )
=®B=g5 ( YN Y, Vs 1,

I Proof of Corollary 9:

Q)

Substituting the solutions from Proposition 8, we know the manager ¢’s expected trading
profit F [I;] is

Elq] | 22
EIL] = P
L] 3 2%, + X

B XX EE |:29ma + X (5 +§j):| v XX
27w 2¥,+%29 9 2Y, 4+ 2 UZEG + X

Yu  Yade mg a0

2w, + 5 9 VT, 1,

(41) -

Taking the first order derivative of F [II;] with regard to Xy, we have

0
— E 1,
o5, [1L]
>
B 1zawma+\/2a2um¢m %,
0wy, 2%, + Xy D) SIS S8 '

J Proof of Corollary 10:

The expected firm value when insider trading is allowed and the managers trade in both

own and rival firms’ stocks is

2V = BlEGG-EG - EG)
- 9%(3‘”}3 ngagi(;jsj)} - 2”22%-2:629)
([P e (e ™) s
ST
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Taking the first order derivative of E [V;] when insider trading is allowed, we have

0
BV

(42a2u29 + (6w, + 3wy) Mg m )
> 0.

81w? (25, + Y9)

Again, we see the expected firm value increases in the manager’s stake in the firm. Taking

first order derivative of E [V;] with regard to 3y, we have

5,
—FEV,
o5, Vil
P
_ 1 %, 30ma +dy Zazumizg\/ <0,
 8lw? Y, 2%, + 2o 22 + PP

implying that E [V;] increases in accounting precision 2_

K Proof of Proposition 11:

The solution to the second-stage game is thus the same as in Proposition 8.
In the first stage, manager 1 chooses his production quantity g; by maximizing his total

payoft:

XX Yo
EQma + Z30,31 ~ E [ )) Eu 2%, +§)9 E [a%] Eu 22(1_,_;0

maxw | | —=———=—— — 1 —
a1 <1< Yo+ 20 ' 3\/291 2]_(]1

Taking the first order condition with regard to ¢;, we have

Egma + Zasl —~ ~9 ) 1 Eazg 22]\1 (a\% - F [ %
w (20T 2 on _E +o4 /%
( g+ 2 n [Q2] 3 2Y, + 2o (25% . [ ])

Since manager 1 does not know manager 2’s signal s, yet at this stage of the game, he can

only expect firm 2’s manager to make production quantity decision based on the original

information a. Thus

i —opial gl [y St (2E@) (B - Ea) LE ) B
e 2] = Rl Z“”a”ﬁ( (2F @] - E @) +(2E[§%]—E[fo]>)

N
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That is

Applying symmetry and solving for unknowns, we have
~ 1 Zﬁma + z:aSI 2(129
= = (8w (22T ) 4B |
! 9w<w( S+ m>+ 2%, + ¥

~ 1 Eama + EGSQ Eazg
= (g (22 la T Za%2 Il N
2 9w<w< S+ 2 m)+ 22a+29)

and
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