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This paper demonstrates how managers with private information about firms’
exposure to risk may, in the best interest of shareholders, engage in speculation
instead of hedging as the conventional wisdom tells us. The reason is that when
profits serve as a signal of firms’ values, speculative trades can be used to distort
profits and hence manipulate stock prices to the shareholders’ advantage. A
consequence of such corporate speculation is that stock prices become less in-
formative about firms' true worth. Journal of Economic Literature Classification
Numbers: D82, G]4, G32.  © 1994 Academic Press, Inc.

1. INTRODUCTION

This paper explores the motivation for firms to engage in speculative
transactions. It demonstrates the existence of such a motive when man-
agers have private information regarding the value of the firm and seek to
increase the stock price on behalf of sharcholders. Since profits serve as a
signal of firms’ values, speculative trades can be used to distort profits
and hence manipulate stock prices. In other words, managers try to ex-
ploit the economy's mapping from profits to share prices. In equilibrium,
share prices adjust to reflect the ongoing speculation, but a remaining
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effect of such corporate speculation is that profits and, therefore, share
prices become less informative about firms’ true worth,

A classical rationale for corporate speculation has been the so-called
‘‘asset substitution problem’ discussed by Fama and Miller (1972) and
Jensen and Meckling (1976). The idea is that equity holders (shareholders)
may be in favor of the firm investing in excessively risky projects since a
successful gamble will solely benefit the shareholders while the conse-
quences of a failure are, because of limited liability, borne by the debt
holders. Such a conflict of interest is not the underlying force in my model
since firms can as well be financed solely with equity. The focus is instead
on information asymmetries, as in Myers and Majluf (1984). They analyze
a model where managers are better informed about investment opportuni-
ties, which may cause a firm’s equity to be underpriced. Managers of
underpriced firms would then be reluctant to issue equity when financing
new investments because that would dilute the wealth of existing share-
holders. My paper brings together the asymmetric information aspect and
the motive for corporate speculation by asking the question: Can purely
speculative transactions, meaning fair gambles in profits, be in the best
interest of shareholders when managers have private information about
firms’ values? The answer may seem to be ‘‘no’” when looking at the work
by DeMarzo and Duffie (1991) where abstaining from such speculative
transactions is the optimal hedging strategy given that shareholders care
only about profits. However, my model demonstrates how corporate
speculation can be in the best interest of shareholders when they are
concerned about both profits and stock prices, which would be the case if
shares are traded over time.

My paper considers an economy where the market makes inferences
about firms’ productivities from their profits. Since higher profits are
more likely to have been generated by firms with higher productivity,
equilibrium stock prices will be an increasing function of profits. Man-
agers acting on behalf of shareholders must take this positive relationship
into account when deciding whether or not to engage in speculation in the
form of fair gambles in profits. A successful gamble would increase a
firm's reported profit and therefore its stock price, while an unsuccessful
gamble would do the opposite. Even though such speculative transactions
cannot affect the expected profit of a firm, the manager may be able to
increase the expected stock price through a fair gamble in profits. The
expected outcome of such a gamble depends on the shape of the equilib-
rium mapping from profits to stock prices. If stock prices are concave in
profits, speculation will necessarily decrease a firm’s expected stock
price. But any firm finding itself in a nonconcave segment of this mapping
can increase its expected market value by exposing its profit to a fair
gamble. For example, a firm facing bankruptcy with a zero stock price



190 LARS LIUNGQVIST

could undertake such a speculative gamble without any downward risk in
the hopes of mimicking a higher productivity firm and obtaining a positive
stock price. In general, there are no fundamental reasons why the equilib-
rium mapping from profits to stock prices should be either convex or
concave. In the presence of nonconcavities (without restricting the analy-
sis to bankruptcy cases), my model demonstrates that speculation can be
in the best interest of shareholders who are concerned about stock prices.

It should be noted that my model is not a signaling model in the tradi-
tional sense of Spence (1973). In contrast to the research initiated by Ross
(1977) and Leland and Pyle (1977), where a firm’s choice of capital struc-
ture acts as a signal to investors, my critical assumption is that specula-
tive transactions cannot be observed by the market. Speculation in my
model is therefore an example of ‘‘signal-jamming’ as discussed by
Holmstrom (1982), Fudenberg and Tirole (1986), and Stein (1989). The
general idea is that agents (managers) undertake unobservable actions to
influence other agents’ learning about them or their firms. Stein (1989)
examines a model where managers are trying to affect their firms’ share
prices. He assumes that firms can increase current earnings by ‘‘borrow-
ing”’ against future earnings at an unfavorable implicit rate of interest. In
equilibrium, the market is not misled about firms” worth, and stock prices
adjust for the costly earnings inflation. In contrast, the speculative trans-
actions in my model are costless to firms and they fool the market with
respect to some firms’ true values. Corporate speculation introduces
noise in reported profits, which creates an informational externality by
making share prices less informative.

The basic framework with four critical assumptions is spelled out in the
next section. The rationale for corporate speculation is illustrated in Fig.
1, depicting a mapping from profits to stock prices. The optimal specula-
tion strategy depends on the shape of this mapping, which is in turn
affected by those decisions on speculation. To fully appreciate this inter-
dependence, a simple two-period model is presented in Section 3. In the
case of only two possible productivity levels, it is shown that an equilib-
rium cannot exist without corporate speculation. Instead, there are a
multitude of equilibria with different levels of speculation. The existence
of such equilibria demonstrates how corporate speculation can be an
optimal strategy for managers acting in the best interest of shareholders.
Section 4 concludes with a discussion of the findings.

2. THE BASIC FRAMEWORK

This section focuses on the general implications of the following four
assumptions generating a motive for corporate speculation. The basic
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Fi1G. 1. An example of a mapping from profits to stock prices where a fair gamble in profits
increases the expected stock price.

idea is illustrated in Fig. |, depicting a mapping from profits to stock
prices. However, the formal derivation of such an equilibrium mapping is
deferred to the next section.

1. Afirm’s productivity is positively correlated over time; i.e., good
production results today are more likely to be followed by good future
production results than bad production results today would be.

2. Managers can choose to engage in speculative transactions
which amount to fair gambles in production results.

3. A firm’s production result and its speculative transactions are
private information to the managers, while the final profit, i.e., the sum of
the production result and the outcome of any speculation, is public infor-
mation.

4. Managers act in the best interest of their shareholders, who are
assumed to be risk neutral. Shareholders would like to see expected
profits maximized and to get the highest possible expected stock price
when selling shares.

The first critical assumption is that a firm’s productivity displays posi-
tive serial correlation. Rational investors in stock markets will therefore
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use current profits as signals of firms’ future profitabilities. In particular,
high profits today are more likely to be followed by high profits tomorrow
compared to the realization of low profits today. As a result, the profit
level will affect the stock prices today. Higher profits will be associated
with higher stock prices. One example of such a mapping is depicted in
Fig. 1.

The second assumption says that managers can engage in speculation.
It can be thought to capture the idea that financial markets are so well
developed that any bets can be arranged. Moreover, the transaction costs
are usually negligible, so these financial transactions are assumed to be
costless. This means that managers are free to choose any fair gamble in
profits; i.e., the expected return is zero. Let b denote the size of the bet
and the probability of winning be 7. That is, with probability 1 — 7, the
firms loses its bet, and with probability =, it wins back the amount ¢b.
The odds ¢ are obtained by imposing the condition of zero expected
profits, or, equivalently, the expected payoff is just the original bet b:

I-m) - 0+m-db=b > d=m". (1

If firms do not engage in speculation, the mapping in Fig. 1 can be used
to read off the firm’s stock price as a function of its net production result.
However, given the informational asymmetry in the third assumption, a
firm may be able to affect its expected stock price by taking a fair bet in
profits. Whether or not such gambling is beneficial to the firm’s sharehold-
ers depends on the shape of the equilibrium mapping from profits to stock
prices. Suppose the firm’s production result is ¢', which is associated with
a stock price P(q’) as shown in Fig. 1. Since the equilibrium mapping is
convex in the neighborhood around g¢', it follows that there exist fair
gambles in profits that would increase the firm’s expected stock price. For
example, the bet b’ with a fifty—fifty chance of winning in Fig. 1 would
result in the expected stock price p” = .5P(q' — b') + .5P(q’' + b') which
is greater than P(q’).

Corporate speculation in Fig. 1 attains a higher expected stock price
without affecting the expected profit of the firm. If shareholders are risk
neutral, as stated in the fourth assumption, it follows that the expected
welfare of shareholders who would like to sell their shares is increased
while the welfare of other shareholders is kept unchanged. Managers
acting in the best interest of shareholders would therefore engage in spec-
ulation. Leaving a discussion of risk aversion to the conclusion of my
paper, it is also straightforward to characterize the optimal speculation
strategy under risk neutrality. Formally, a manager of a firm with produc-
tion result g should choose a bet b and a probability of winning 7 such that
the expected stock price is maximized:
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rlzax (1 —mP(g—b)+wP(g—b+ n'b) (2)
subjectto € [0,q] and 7 € (0, 1).

The argument thus far has avoided a major complication, which is that
corporate speculation will of course affect the equilibrium mapping from
profits to stock prices. For example, consider the firm with production
result ¢’ in Fig. 1 which undertakes the bet 5’ with a fifty—fifty chance of
winning. If the gamble is successful, the firm reports the profit ¢' + b'.
The market is then unable to distinguish this firm from other firms report-
ing the same profit but with greater production results. It follows that any
firm successful in its gamble will reduce the average quality of firms at
that higher profit level. As a consequence, the stock price of firms report-
ing that profit level must decline to reflect their lower average quality. On
the other hand, firms that lose their gambles will tend to increase the stock
prices at lower profit levels. An equilibrium is obtained when the mapping
from profits to stock prices satisfies the following conditions:

(a) given the mapping, no firm can increase its expected stock price
by changing its decision on corporate speculation;

(b) the stock price at each profit level reflects accurately the aver-
age quality of the firms reporting that profit, i.e., the market is not fooled
on the average.

Such an equilibrium mapping is explicitly solved for in a two-period
model in the following section.

3. A SIMPLE TWO-PERIOD MODEL

The four assumptions in the previous section are now embedded in a
simple two-period model, where we can explicitly solve for the equilib-
rium mapping from profits to stock prices. Suppose there is a continuum
of firms, which are of two types, low-output firms and high-output firms.
Let the fractions of low-output firms and high-output firms be e and 1 — «,
respectively, where a € (0, 1). The net output of a high-output firm is gy
in both periods, while the net output of a low-output firm is ¢, where
gu > qL > 0. Managers know the type of their firms, while others must
learn from reported profits. The timing is as follows. At the beginning of
each period, firms produce outputs and then decide on corporate specula-
tion, which can be any fair gamble in profits. Thereafter, the final profits
from production and any speculation are reported and paid out to the
shareholders. At the end of the first period, there is also a stock market
or, equivalently, a market for claims to second period output.



194 LARS LIUNGQVIST

Besides a given number of firms, the economy has access to a storage
technology where the gross rate of return on any amount stored between
periodsis 1 + r. It is assumed that the economy’s aggregate savings at the
interest rate 1 + r are sufficiently large for the storage technology to be in
operation between the two periods. Stock prices in the first period are
then determined by the arbitrage condition that the expected rate of re-
turn on firm ownership is also equal to 1 + r. The price P(y) of a firm
reporting a profit y in the first period is therefore given by

Expected second period output, given current profit y
P(y) = TE . (3)

The equilibrium mapping P(y) that assigns a stock price to each profit
level v is now studied in three propositions. The first proposition shows
that an equilibrium without corporate speculation cannot exist. The rea-
son is that low-output firms would then have an incentive to engage in
speculation such that successful bets would make them indistinguishable
from high-output firms.

ProPOSITION 1. There cannot exist an equilibrium without corporate
speculation.

Proof. See Appendix.

While Proposition 1 firmly rules out the existence of any equilibrium
without corporate speculation, there exist a multitude of equilibria with
corporate speculation. In these equilibria, speculation increases the vari-
ance of reported profits but decreases the dispersion of stock prices. The
reason for the latter is that some firms of both types, low-output and high-
output firms, will end up reporting the same profits and therefore demand
the same stock price, which reflects their average quality. Such equilibria,
exhibiting pooling of firms, are illustrated in Propositions 2 and 3. Specifi-
cally, Proposition 2 establishes a continuum of equilibria with corporate
speculation, where the equilibrium mapping P(y) is an increasing step
function with two stock prices. The intuition is as follows. Let yy be the
profit level at which the stock price jumps, as shown in Fig. 2. All firms
will then choose speculative transactions such that they report the profit
yu When winning. No firm will choose a speculative transaction generat-
ing a profit higher than yy when winning, since that would only reduce the
probability of winning, without affecting the stock price that can be at-
tained. In order to maximize the probability of winning, all firms will also
choose to bet their whole production results. Thus, high-output firms are
more likely to win, explaining why there is a higher stock price py at
reported profits greater than or equal to yy. The lower stock price py(yy)
can be shown to depend on the level of yy. As stated in the proposition,
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FiG. 2. An equilibrium with corporate speculation as in Proposition 2.

for each yy > gy, there is an equilibrium with an associated step function
where the lower stock price is increasing in yy. The intuition for the
positive relationship between the lower stock price and yy is best under-
stood by considering the limit. When yy approaches infinity, hardly any
firm will be able to reach the higher stock price. It follows that the lower
stock price will increase asymptotically toward the average quality of all
firms in the economy.

ProposiTiON 2. For any yy > qy, there exists an equilibrium with
corporation speculation. In this equilibrium, stock prices are given by a
step function with two values:

(i) firms reporting da profit y < YH are traded for prlyn).
(ii) firms reporting a profit y = yy are traded for py > pi(yn).

For different equilibria, py (yy) is increasing in yy, while py is a constant.
Corporate speculation in these equilibria is such that all firms report zero
profits when losing and the profit yy when winning.

Proof. See Appendix.

Still another class of equilibria with corporate speculation is established
in Proposition 3 below. Once again, the equilibrium mapping P(y) is given
by an increasing step function, but this time with three stock prices. Let
ym and yy be the two profit levels at which the stock price jumps, as
shown in Fig. 3. In an equilibrium, only low-output firms will report
profits less than yy, while only high-output firms will ever generate a
profit greater than or equal to yy. But the medium range of profits will
consist of both types of firms, i.e., low-output firms that have been suc-
cessful in their speculation and high-output firms that have been unsuc-
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F1G. 3. An equilibrium with corporate speculation as in Proposition 3.

cessful. The stock price in this profit category, pu{ym. yu), is therefore a
weighted average of the two firms’ qualities. For different equilibria, the
stock price in the medium-profit category is increasing in both yy and yy.
Some intuition for this is as follows. A higher yy reduces the probability
of low-output firms winning their bets, which increases the average qual-
ity of firms in the medium-profit category. Analogously, a higher yy re-
duces the probability of high-output firms winning their bets and their
higher representation in the medium-profit category drives up the stock
price. Finally, while yy is only restricted to be in the open interval (g,
qu), the lower bound on yy is of a more complicated nature. This latter
restriction is a necessary and sufficient condition to ensure that no firm
would like to change its speculation strategy. A large enough yy makes it
too costly for low-output firms to speculate for the highest stock price. It
is also needed to deter high-output firms from raising their bets in order to
increase the probability of getting the highest stock price (but at the risk of
ending up with the lowest stock price).

ProposITION 3. For any ym € (qL, qu) and yy = qu + a(l — @) 'q.,
there exists an equilibrium with corporate speculation. In this equilib-
rium, stock prices are given by a step function with three values:

(i) firms reporting a profit y < yy are traded for py .
(it) firms reporting a profit y € [ym. yu) are traded for pm(ym, vn)
> pL,
(iii) firms reporting a profit v = yy are traded for py > pulym, vn)-
For different equilibria, py(ym, yu) is increasing in yy and yy, while p,.
and py are constants. Corporate speculation in these equilibria is such
that low-output firms report zero profits when losing and the profit yy
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when winning, and high-output firms report the profit yy when losing and
yy when winning.

Proof. See Appendix.

4. CONCLUDING DISCUSSION

This paper has questioned the conventional wisdom that managers with
private information about firms’ exposure to risk, who act in the best
interest of shareholders, should engage in hedging. Instead, it is shown
that benevolent managers may speculate on behalf of shareholders. The
reason is that when profits serve as a signal of firms’ values, speculative
trades can be used to distort profits and hence manipulate stock prices to
the shareholders’ advantage. Corporate speculation as an equilibrium
phenomenon is demonstrated in a simple two-period model, but it should
be clear that the economic forces underlying the result would also be
present in a more complicated model. In particular, while it can be argued
that stock prices should be positively related to firms’ production results,
there is no apparent reason why this mapping should be a concave one.
And any firm finding itself in a nonconcave segment of this mapping can
increase its expected market value by exposing its profit to a fair gamble.
This rationale for corporate speculation does not arise from any conflict of
interest between owners and managers, but it is the optimal financial
policy when the stock market evaluates firms on the basis of their re-
ported profits.

When shareholders are risk neutral, it is optimal for managers acting in
their interest to choose corporate speculation so that the expected stock
price is maximized. This benefits shareholders who would like to sell
stocks, while leaving the welfare of other shareholders unchanged, since
expected profits are unaffected. In the case of risk aversion, the objective
for managers acting in the best interest of shareholders becomes more
complicated when shareholders have different horizons, Risk averse
shareholders who would like to sell stocks are willing to accept some
additional variance in exchange for a higher expected stock price. But if
managers act accordingly, risk averse shareholders who choose to hold
on to their stocks will lose, due to the increased variability in profits
without any change in the expected profit level. Managers trying to recon-
cile these different interests may end up with an objective function similar
to the one in Stein (1989), where separate weights are attached to both
profits and stock price. Another solution to this dilemma would be if
shareholders avoid risk exposure with respect to profits by holding a well-
diversified portfolio. This argument rests on the fact that the net supply of
speculative transactions is zero in an equilibrium. That is, one firm’s loss
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is another firm’s gain, so there would be no risk with respect to profits for
investors holding a well-diversified portfolio. Managers could then con-
centrate on using speculation as a way to increase stock prices on behalf
of sharcholders who would like to sell stocks. Of course, this strategy
would fail if shareholders were unable to diversify because of transaction
costs or some other reason.

Under the assumptions of risk neutrality and fair gambles, there are no
welfare costs associated with speculation in my model. Risk neutral in-
vestors are indifferent to the noise in stock markets created by corporate
speculation. Equilibrium stock prices will adjust to reflect the average
quality of firms in any profit category. The purchase of a firm with a given
profit level will then constitute a fair gamble among the firms falling in that
profit category. However, suppose the assumption of fair gambles is re-
placed by speculative transactions being costly to firms. As long as the
cost is not prohibitively large and stock prices are deemed important,
managers will continue to speculate, resulting in a social waste of re-
sources. Thus, welfare will be adversely affected by speculation. In fact,
such speculative transactions would be tantamount to investments with a
negative expected net present value (NPV). The idea that asymmetric
information can lead firms to undertake negative NPV projects has also
been explored by Narayanan (1988) and Heinkel and Zechner (1990). In
their models, a firm’s decision to accept a project is public information
and new equity is issued before the market observes the quality of a
project. Firms with poor investment opportunities may therefore wish to
disguise themselves as firms with good prospects by accepting projects
with negative NPV if the proceeds from selling overpriced equity can
compensate for the poor investment. This conflict between current share-
holders and future investors is also the driving force in my framework,
which uses profits as a signal to the stock market instead of investment
decisions. In either case, current shareholders are interested in high stock
prices to enhance their wealth while future investors would like to see
informative price signals in the stock market.

Corporate speculation in my model causes a delay in the resolution of
uncertainty about firms. This is similar to the results of work done by
DeMarzo and Duffie (1992), and Hirshleifer and Chordia (1992). While
DeMarzo and Duffie show that managers uncertain about their own abili-
ties may wish to increase the risk of investments in order to delay resolu-
tion regarding their managerial qualities, Hirshleifer and Chordia demon-
strate how managers who know they are of high (low) ability use
investment decisions to advance (defer) resolution of shareholders’ un-
certainty about them. Similarly, high-output firms in my model prefer a
complete revelation of productivities which would guarantee them the
highest stock price. If possible, they would therefore like to commit them-
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selves not to speculate at all. However, it is in the interest of low-output
firms to try to delay this resolution through corporate speculation. Since
they have nothing to lose from a fair gamble in profits, they would make
the same announcements not to speculate as the high-output firms but
then go ahead with wunobservable speculation. In equilibrium, investors
ignore all announcements about speculation and make inferences about
firms’ productivities from reported profits assuming that optimal specula-
tion strategies have been followed. The ensuing speculation will then
increase the variance of reported profits but decrease the dispersion of
stock prices. The reason for the latter is that some firms of both types,
low-output and high-output firms, will end up reporting the same profits
and therefore demand the same stock price which reflects their average
quality. This pooling of firms with a lower dispersion of stock prices is just
another way of saying that corporate speculation makes stock prices less
informative about firms’ true worth.

APPENDIX

Proof of Proposition 1. The proof will be by contradiction. Suppose
there exists an equilibrium without corporate speculation. This means
that only two profit levels will be observed in the economy, g and gy.
Any reasonable out-of-equilibrium belief must be that all other profit lev-
els are associated with a stock price which is at least as high as the stock
price of the worst possible firms, i.e., low-output firms which produce g
in the two periods. It follows that low-output firms cannot reduce their
stock prices if engaging in corporate speculation. Instead, their expected
stock prices can be increased through speculative transactions such that
they are sometimes mistaken to be high-output firms. For example, con-
sider a low-output firm choosing the bet b = g, with probability of win-
ning 7 = q;./gy. If that firm is successful in its gambling, it will report a
profit equal to gy and be indistinguishable from high-output firms. We can
therefore conclude that an equilibrium without corporate speculation can-
not be sustained with reasonable out-of-equilibrium beliefs.

Proof of Proposition 2. A firm that abstains from corporate specula-
tion will with certainty face the lowest stock price gy (yy). Since specula-
tion cannot result in a lower stock price than p(yy) and risk neutral
shareholders are indifferent to any fair gambles in profits, it follows that
managers acting on behalf of shareholders would like to speculate in an
attempt to attain the higher stock price py. This can be done through a
successful gamble that results in a profit greater than or equal to yy. The
probability of attaining this higher stock price is maximized by betting the
firm’s whole production result and choosing a gamble that generates ex-
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actly the profit yy when it wins. That is, the optimal strategy for a firm
with production result g; is to bet g; and select a probability of winning
equal to g;/yy. According to (1), a successful gamble will then generate
exactly the profit yy. The probabilities of winning for low-output firms
and high-output firms are therefore

=2 and Fy=I, (A1)

YH YH
respectively. Since there is a continuum of firms, the probabilities of
winning stand also for the fractions of firms that will be successful in their
gambles. Thus, a fraction 7 of all low-output firms and a fraction 7y of all

high-output firms will win their gambles and report the profit yy. The
average second period’s output of these firms is therefore

mLaqy + ay(l — a)gy
‘n"La + 77~'H(1 - a)

(A2.a)

(Recall that the fractions of low-output firms and high-output firms are «
and 1 — a, respectively.) Analogously, the average second period’s out-
put of firms which lost their gambles (and report a zero profit in the first
period) is

(I — m)ag, + (I — 7y)(l — a)gy
(1 — 7o+ (1 - 7yl — @)

(A2.b)

The two stock prices in an equilibrium are then obtained by discounting
these expected output levels as shown in (3). Since high-output firms have
a higher chance of winning their gambles, as can be seen in (A1), it follows
immediately that py exceeds pi(yy). Using the probabilities in (Al) and
after some rearranging, the equilibrium stock prices can also be written in
terms of primitives,

A aqgi + (1 — a)gi ‘

Pr = (l + r)[aqL + (1 — a)qH] ’ (A3.d)
(yn — quaqr + (yu — gu)(1 — &)gu

(I + Nllyqg — gu)a + (yu — gu)(1 — )]’ (A3.b)

prlyn) =

While the higher stock price py does not depend on yy, the lower stock
price p;.(yn) can be shown after some algebra to be an increasing function
in that parameter,

dpLlyn) _ a(l — o)(gn — qu)°
dyu (1 + rPllyu — gl + (yu — g — o))’

>0. (A4)
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Proof of Proposition 3. Consider the firms’ decisions on corporate
speculation in an equilibrium with three stock prices as described in the
proposition. In the case of low-output firms, they strictly prefer to specu-
late, since they would otherwise face the lowest stock price pp with
certainty. However, depending on the distribution of stock prices, they
may choose to gamble for the medium stock price pu(ym, yn) or for the
highest stock price py. Analogously to the discussion in the proof of
Proposition 2, it will in either case be optimal for a low-output firm to bet
the whole production result and to choose a gamble that results in the
fowest possible profit associated with the targeted stock price. The me-
dium stock price pu(ym, yu) is optimally targeted by gambling for the
profit yy, while the highest stock price py is optimally targeted by gam-
bling for the profit yy. The two speculation strategies can then be indexed
by the probabilities of winning the gambles. Let 71 and 7; denote the
probability of winning when the targeted stock price is pm(ym, yn) and pu,
respectively. Following the proof of Proposition 2, these probabilities are
given by

A=  and  #=2 (A5.2)

™M YH

In the case of high-output firms, these firms can bet any amount less than
or equal to (qy — ym) without facing any downward risk from speculation.
Such a limited gamble guarantees them at least the medium stock price
Pmlym. yYn), and they may be successful in attaining the highest stock
price py. Depending on the distribution of stock prices, they may even
want to bet the whole production result in order to maximize the probabil-
ity of attaining the highest stock price but at the risk of ending up with the
lowest stock price. These two different strategies can be summarized in
terms of their probabilities of winning. First, let 77y denote the probability
of winning when a high-output firm avoids the risk of facing the lowest
stock price. The optimal strategy is then to bet exactly (gy — ym). Second,
let 771; denote the probability of winning when a high-output firm takes the
risk of facing the lowest stock price, and therefore bets its whole produc-
tion result. In either case, the firm will choose a gamble that results in
exactly the profit yy when winning. The probabilities are then, by using

(1),

Ay=TH"IM  and A= (AS5.b)
YH — M YH

Suppose the firms choose the speculation strategies in the proposition,
i.e., the ones associated with the probabilities 7, and #y in (AS). From
the discussion above, only high-output firms will then ever generate the
profit vy and only low-output firms can end up with zero profits. The
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second period’s output for firms reporting these two profit levels is there-
fore gy and g, respectively. However, there will be both low-output
firms and high-output firms reporting the medium profit yu. A fraction 7
of low-output firms are successful in their gambles, generating the profit
vym. while a fraction (1 — 7y) of high-output firms lose their bets and end
up with the same profit ym. The average second period’s output of these
firms reporting the profit yy is therefore

Fragy + (1 — 7y}l — a)gu
et (I -7 —a) (A6)

(Recall that the fractions of low-output firms and high-output firms are «
and 1 — «, respectively.) The equilibrium stock prices are obtained by
discounting the expected output level in each profit category, as shown in
(3), and by using the probabilities in (A5):

. 4H ,
Pa =11, (A7.a)
) (yu — ymagl + (yu — gu)l = &)ymqu
, = , (A7.b
Prlyws YW = T G — ywadr + (rm — @l = agyml” D)
L Y
pL = T+ (A7.c)

While the stock prices py and p;. do not depend on yy and vy, the medium
stock price pu{ym, yn) can be shown after some algebra to be an increas-
ing function in those two parameters,

dpm{ym, Yn)
dywm
_ a(l — a)lyy — qu)gn — qL)ymqL
(T Plom — ywag + o — anl — ey~ 0 A
dpm{ym. ¥n)
dyy
a(l — a)(gu — ym)qu — q)ymqL > 0. (AS.b)

T+ DAy — ywaqr + (yu — g1 — a)yul®

Finally, the conjectured equilibrium with three stock prices will only
exist if the postulated speculation strategies are not dominated by the
alternative strategies associated with the probabilities 7| and 7 in (AS).
It must therefore be shown that low-output firms and high-output firms
cannot reach a higher expected stock price under those alternative strate-
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gies; i.e.,
(1 — 7ppL + mpmlym, yw) = (1 — 7P + #1LPpu, (A9.a)
(I = 7Aw)pmlym, yu) + Tupu = (I — 7AwpL + Tupu. (A9Db)
After (AS) and (A7) are substituted into these expressions, both (A9.a)
and (A9.b) can be rearranged to read

yuZgu t+ all ~ o) 'q.. (A10)

This restriction is therefore both a necessary and a sufficient condition to
ensure that no firm would like to change its speculation strategy.
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