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Abstract. We provide a general framework for analyzing the effects of insider trading on
real investment and welfare as well as the consequences of different regulatory policies in a
model where all traders are rational expected-utility maximizers and aware of their position

in the market. We find that: with costly information acquisition, an ‘‘abstain-or-disclose’’
rule tends to be optimal; with free information acquisition, laissez-faire is better. This
suggests enforcing an abstain-or-disclose rule with a high standard of proof for inside

information. Our approach also uncovers the pitfalls of welfare analysis in the noise-trader
model.
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1. Introduction

The aim of this paper is to provide a general environment for conducting a
welfare analysis of insider trading that supersedes the shortcomings of the
received literature and identifies the trade-offs involved in forcing insiders to
disclose their information before trading.

More and more countries are regulating insider trading, and there is evi-
dence that enforcement of insider trading laws reduces the cost of equity in a
country (Bhattacharya and Daouk, 2002). At the same time there is also
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evidence that insiders do trade in advance of information release and earn
excess returns (see, Seyhun, 1986 or 1992; Damodaran and Liu, 1993;
Aboody and Lev, 2000; for evidence in high-tech companies).1 In fact, insider
trading figures prominently in the recent wave of corporate scandals, as in the
cases of Enron and ImClone.2 Insider trading is perceived as being ‘‘unfair’’,
and many commentators think that insider profits should be curbed (see
Fried, 1998). In contrast, others believe that private and social incentives are
aligned and so firms should determine themselves what restrictions to impose
(Carlton and Fischel, 1983).3 Leading regulations of insider trading include
an ‘‘abstain-or-disclose’’ rule in the U.S. and a prohibition against trading on
inside (precise) information in the EU. Recently, tougher disclosure
requirements have been imposed in the U.S. and in some European countries
in order to avoid early selective disclosure of material information (to large
investors, for example).4 Furthermore, the recent scandals may prompt a
rush to regulate insider trading more tightly.

In light of the concern about insider trading, it is somewhat surprising that
the welfare consequences of regulating (or not) insider trading are less well
understood. Indeed, despite an accumulation of work on the effects of insider
trading, further progress on its welfare consequences has been prevented by
the use of noise-trader models and other methodological problems related to
the modelling of market power and information, as explained in Section 2. In
order to help fill this gap, we examine the trade-offs associated with insider
trading in a production economy in which all traders are rational expected-
utility maximizers (doing away with noise traders) and aware of their
position in the economy.

1 The authors find that insider gains in R&D-intensive firms are larger than in other firms.

The rationale for this result is traced to the uniqueness of R&D capital to the firm, nontra-
dability in organized markets, and poor disclosure (because of the accounting convention of
expensing R&D).

2 In the Im Clone case, Samuel Waksal (former CEO of the biotechnology firm) was
charged with insider trading. According to the accusation, he attempted to sell shares of the

company two days before it became public that the cancer drug Erbitux developed by the
company would not pass the FDA test. Furthermore, he allegedly tipped family members
(who sold about $10 million of the stock over the following two days) and his friend Martha
Stewart, who also sold shares the day before the announcement (Financial Times, June 13,

2002).
3 In fact, the authors argue that there is no evidence that organizers of firms tried to restrict

insider trading in the absence (or unenforcement) of regulations and therefore insider trading
restrictions are not necessary to enhance firm value (and, indeed, could be distortionary).

4 The ‘‘fair disclosure’’ rule of the U.S. Securities and Exchange Commission (SEC) states

that ‘‘when an issuer, or person on its behalf, discloses material nonpublic information to
certain enumerated persons (in general, securities market professionals and holders of the
issuer’s securities who may well trade on the basis of the information), it must make public

disclosure of that information’’. See the SEC’s home page at http://www.sec.gov/rules/final/
33-7881.htm.
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Our analysis sheds some light on the appropriate regulation of insider
trading:

• When is laissez-faire a sensible policy?
• When is it a good idea to enforce an ‘‘abstain-or-disclose’’ rule as in
the U.S.?

• Does information need to be ‘‘precise’’, in order to be considered in-
side information, as in the EU Directive on insider dealing?

• What are the effects of early selective disclosure of material informa-
tion to large investors?

As a by-product of our modelling we put on solid ground the welfare analysis
of the noise-trader model, which is a limiting case of our analysis. In par-
ticular, we can see when the welfare implications derived from the noise-
trader model hold and when they are misleading.

The setup of our model is as follows. An entrepreneur (or a coalition of
insiders, the initial owners of the firm) has a project requiring investment
and – because he is risk averse – wants to hedge it partially by selling shares
of the firm in the stock market. The market features competitive, risk-
averse speculators/market makers and hedgers who have a random
endowment of an asset correlated with the project of the firm. The entre-
preneur/insider obtains information about the value of the project in the
course of production at t ¼ 1, after investment is made and the number of
shares to be issued has been determined at t ¼ 0. The stock market opens at
t ¼ 2. Neither the stock price nor private information have a chance to
affect investment.

Different scenarios fit the model. A first interpretation would be trading
in a secondary market (at t ¼ 2) where the firm is under the control of a
coalition of insiders (the initial owners have sold a small fraction of the
firm). For example, a coalition of insiders in a high-tech company learn
valuable information about the effectiveness of a new drug (being developed
by the firm) that shortly will be released to the market. Or perhaps the
manager provides information or an early warning to the major share-
holders – the initial owners – in exchange of a promise of nonintervention
(Maug, 2002).5

We could also envision a second scenario of a venture capitalist starting a
new project and deciding to go public (at t ¼ 0); the firm could be floated

5 The project cannot be floated at the investment stage because of agency problems (the
manager must keep shares in order to lessen moral hazard). Alternatively, information dis-

closure associated with the flotation would tip competitors who could move and try to copy
the product (this may be particularly relevant in high-tech industries; see Campbell (1979) and
Yosha (1995)). At the same time, in high-tech industries outside investors would be reluctant

to invest in a new project because they face very high risk with no information. Venture capital
may then come to the rescue.
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with an IPO auction (at t ¼ 2). The model would then be about trading in the
primary market.6 However, in our model we assume that all traders can
short-sell the shares of the firm. This is not typical in a IPO auction (although
feasible, for example, with forward contracts in the OTC market). Regard-
less, in equilibrium and on average, speculators and hedgers in our model buy
shares that are sold by the entrepreneur.

Finally, the model fits a futures market. A producer wants to hedge in
the futures market at t ¼ 2 part of his production and obtains private
information at t ¼ 1 about the future value of the product once the seeds
have been planted at t ¼ 0 (in Bray, 1985). This could be an agricultural
producer or, say, a diamond producer with market power in the futures
market.

We consider a model of the CARA-normal variety and characterize linear
equilibria with and without insider trading. The insider is risk averse, has
market power, and receives a noisy signal about the liquidation value of the
firm. The rest of the agents are also risk averse and are competitive. The
question then arises concerning the correct benchmark for the case with no
insider trading (IT). We argue below that two regimes are of relevance: public
disclosure (PD) and no information (NI). We characterize equilibria in the
three regimes: IT, PD, and NI.

The regimesNI and PD arise in a context where a ‘‘abstain-or-disclose’’ rule
is applied to corporate insiders (as in the U.S. with SEC rule 10b-5 of the 1934
Act). The insider in possession of ‘‘material’’ nonpublic information must
abstain from trading (until the information becomes public) or disclose the
information to the market and then trade.7 What constitutes ‘‘material’’
information is left vague (Seyhun, 1992). In contrast, the 2003 EUDirective on
insider dealing requires (Article 1) the information to be ‘‘precise’’ (similarly,
U.K. law requires inside information to be precise or specific). Article 2 pro-
hibits insider trading and defines broadly who is an insider.8 In the context of
our model (first interpretation), the entrepreneur/coalition of insiders – when
trading on the basis of their acquired private information – would be subject to

6 At t ¼ 0 is when the firm would file a preliminary prospectus, which must be approved by
the SEC if in the US. IPO auctions are widely used. For a comparison with fixed-price
offerings see Chemmanur and Liu (2002).

7 This happens when the other party to the transaction is entitled to know the information
owing to a fiduciary duty (Chiarella v. U.S. and Dirk v. SEC) or other similar relationship

(according to the misappropriation theory adopted in U.S. v. Newman). Rule 10b-5 applies to
insiders but not to outside shareholders who may possess information on the company
(because they do not have a fiduciary duty to other shareholders) unless if the shareholder
owns more than 10% of the equity of the firm, in which case the shareholder is considered an

‘‘insider’’. The 1934 Securities and Exchange Act defines corporate insiders as corporate
officers, directors, and owners of 10% or more of any equity class of securities.

8 The European procedure can be explained in part by a larger reliance on criminal pros-
ecution (Maug, 2002). See the appendix for the relevant articles of the EU Directive.
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theU.S. ‘‘abstain-or-disclose’’ rule or the EUprohibition on insider dealing. In
the case of an IPO, if there is new material information after the filing at t ¼ 0,
the firmmust file again the prospectus. This is equivalent to disclosure.9 Under
the EU Directive, issuers have the obligation to disclose inside information.

The effects of an ‘‘abstain-or-disclose’’ rule will depend on whether
information is acquired for free or at a cost. If the entrepreneur/insider learns
the signal for free in the course of his activity, then—when faced with the
choice of (a) disclosing the information and trading or (b) not disclosing and
not being able to trade – he will choose to disclose because only by trading
can he hedge the investment risk. The relevant welfare comparison is between
a public disclosure regime and insider trading. If learning the signal has a
cost, then the entrepreneur has no motive to learn it, since the information
must be disclosed before use. The relevant welfare comparison is between a
regime in which the entrepreneur has no private information (NI) and insider
trading (IT).

In the IT regime it is found, not surprisingly, that adverse selection may
prevent the existence of a linear equilibrium. However, a linear equilibrium
always exists when the combined risk-weighted informational advantage of
the insider and the hedgers is not very high (in particular, when insurance is
the principal aim of hedger trading). Despite the complexity of the analysis in
which market power is combined with the presence of hedgers, we are able to
obtain analytical results for the case when the risk-adjusted informational
advantage of the hedgers is small, and we extend these results with simula-
tions to a broad region of the parameter space. Our analysis yields the fol-
lowing conclusions.

The level of investment is increasing in the hedging effectiveness of the
asset market from the point of view of the entrepreneur, which is (in general)
decreasing in the precision of the information of the insider. An insider with
better information will be able to hedge less of his investment because of
adverse selection, but will be able to speculate more profitably.

If the signal is public knowledge (and not perfect), then an equilibrium
always exists. As the precision of the signal increases, we see an increase in
market depth, price volatility, and the average stock price along with a
decrease in investment and in the expected utility of the insider, speculators,
and (for reasonable parameter values) hedgers. Public information revelation
leads to less uncertainty about the payoff of the project and to a deeper
market, as speculators do not ask for a large discount to trade on the risky
asset. However, the hedging capacity of the market decreases from the
entrepreneur’s point of view since the public signal is then more precise. This
is because early revelation of information destroys insurance opportunities

9 In an IPO auction, the issuing firm is typically required to disclose (in the prospectus) all
relevant material information that may affect the value of the shares.
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(Hirshleifer effect), which dominates the potentially beneficial effect of an
increased market depth.10 The dark side of information revelation looms
larger. Despite the increase in market depth hedgers are hurt by the increase
in volatility and decrease of the risk premium.

If the insider has information yet no obligation to disclose it (‘‘laissez-
faire’’), then some of his information is leaked into prices and becomes
public. This revelation of information has effects similar to public disclosure,
but they are weaker because there is only partial revelation. However, there is
an additional effect: because of adverse selection, speculators will now
demand a larger premium to accommodate orders. The net effect on welfare
and investment depends on the benchmark of comparison.

When compared with the NI regime (costly information acquisition),
insider trading increases the price precision and, for reasonable parameter
values, price volatility; it also reduces market depth and investment (inducing
an increase in the expected price and so reducing the risk premium), with the
result that the expected utility of all traders decreases. Hedgers are hurt
because market depth is reduced and price volatility is increased. Hence,
insider trading is Pareto-inferior, and adverse selection is the culprit. The
possibility remains that for an entrepreneur who is close to risk neutral (or in
high -‘‘noise’’ scenarios, where the aggregate endowment shock of hedgers is
very volatile), the insider gains with insider trading. This is so because of the
speculative gains he can make with his private information.

When compared with the PD regime (costless information acquisition),
insider trading reduces market depth but, unlike before, also reduces price
precision and price volatility. The result is that – except for a very large risk-
adjusted informational advantage of the insider – insider trading reduces real
investment (and risk premia) as well as the expected utility of the insider and
the speculators. Two negative forces impinge upon the hedging effectiveness
of the stock market and investment: adverse selection and public information
revelation (Hirshleifer effect). The IT regime suffers from adverse selection
but minimizes public information disclosure. The PD regime eliminates
adverse selection but maximizes public information disclosure. For reason-
able parameter values, adverse selection counts for more and investment
decreases under the IT regime in relation to the PD regime. The effect on
hedgers is ambiguous and depends on the precision of information of the
insider.11 For a low precision of the insider’s information, the reduction in

10 See Hirshleifer (1971). If uncertainty about risk factors not correlated with the endow-
ment of the hedger is resolved early, then the stock is more correlated with the hedger’s
endowment and hedging opportunities may be improved (Dow and Rahi, 2001).

11 Bernhardt and Hughson (2002) find that in the NYSE the price impact of information is
positive but small because ‘‘the quality of the information signals is quite poor, particularly in

the middle of the trading day’’. This would suggest a low precision of the signals for informed
traders.
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price volatility is small and hedgers are hurt by insider trading; the opposite
happens when the precision of the insider’s information is high. For a large
risk-adjusted informational advantage of the insider, investment increases
with insider trading (because with public disclosure of the signal the Hir-
shleifer effect is severe) and a Pareto-superior outcome is obtained.

An interesting by-product of the analysis is that we can ascertain exactly
when hedgers have (in the aggregate) demands of the noise-trader form – that
is, when noise-trader demands provide a good approximation to the demands
of rational hedgers. This happens precisely when the risk-weighted informa-
tional advantage of a hedger is very low (in particular, when hedgers are very
risk averse). At the same time, this allows us to check whether the implicit
welfare analysis in the noise-trader model is accurate. In this model the wel-
fare of noise traders is typically measured by their aggregate expected profits
(i.e., by how much money they lose in expected terms) and their losses are
inversely proportional to the market depth. That is: the greater the depth of
the market, the less money noise traders lose. The surprising result is that
there is a large range of cases for which the welfare analysis of the noise trader
model is misleading qualitatively, even when hedgers’ risk aversion is high and
the demands of traders approach those of the noise-trading model. For
example, for a high precision of the insider’s information, hedgers improve
with insider trading (compared with a PD regime) despite the fact that market
depth decreases, contradicting the implicit welfare criterion of noise-trader
models. Indeed, hedgers also care about the risk premium and price volatility.

The paper proceeds as follows. Section 2 reviews the literature and our
contribution. In Section 3 we present the model. Section 4 derives the equi-
librium with insider trading and Section 5 the equilibrium with public dis-
closure. Section 6 analyzes the effects of insider trading, taking as
benchmarks the NI and PD regimes. Section 7 relates our hedgers to the
usual noise traders, and Section 8 covers the implications for regulating
insider trading. Most of the proofs are collected in the appendix.

2. Literature Review

Much progress has been made in the analysis of insider trading: under-
standing its effects in terms of creating adverse selection, accelerating the
resolution of uncertainty, and modifying insurance and hedging opportuni-
ties (see e.g. Manne, 1966, 1980; Demsetz, 1986; King and Roell, 1988;
Manove, 1989; Fishman and Hagerty, 1989; Ausubel, 1990; Leland, 1992;
Dennert, 1992, 1993; Bernhardt, Hollifield and Hughson, 1995; Repullo,
1999; Dow and Rahi, 2001; Bhattacharya and Nicodano, 2001). However,
further progress in the analysis of the effects of insider trading is hampered by
one or more of the following:
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• Assumption of exogenous noise traders.
• Assumption of competitive behavior by agents (insider, entrepreneur)
with market power.

• Ill-defined incentives to float the firm/project (e.g., risk-neutral entre-
preneur sells firm when the expected price is lower than its funda-
mental value).

• ‘‘Inside’’ information emanating from outside the firm or with no
productive value.

In this paper we set out to model the impact of insider trading on the
investment and welfare of market participants when all agents are rational
and aware of their position in the market. Our modeling of insider trading
emphasizes the effects on ex ante investment in line with the analysis of
Ausubel (1990) and Bhattacharya and Nicodano (2001). This is in contrast
with the work of Leland (1992), Dow and Rahi (2001), and Medrano and
Vives (2002), who analyze the effect of insider information on interim
investment. Other papers have also done away with noise traders: Ausubel
(1990), Bernhardt et al. (1995), Dow and Rahi (2001), Qi (1996), and Bhat-
tacharya and Nicodano (2001); the latter two papers model noise traders as
agents that suffer an interim preference shock as in Diamond and Dybvig
(1983).12 However, the cited works all stay within the competitive paradigm,
with the exception of the overlapping generations model of Bernhardt et al.
(1995).13

Ausubel (1990) considers an exchange economy, with rational traders
and a unique rational expectations equilibrium, in which private infor-
mation is received after investment by both the (competitive) insider and
outsiders. Forbidding of insider trading increases the expected return of
outsiders. So the latter invest more and this may benefit insiders. The
result is that a ban on insider trading may be Pareto-improving. However,
in this model inside information has no productive value (and is unrelated
to investment). Bhattacharya and Nicodano (2001) model liquidity traders
as early diers in a Diamond–Dybvig frame: there is a risk-neutral insider
(not one of the entrepreneurs) who has an endowment of the risky asset,
and there are potentially multiple equilibria. The authors find, using
simulations, that inside information may be beneficial by making the price
more informative and improving risk sharing (making short-term traders
better off). Bernhardt et al. (1995) examine the trade-offs associated with
the adverse selection and price information effects of insider trading in an

12 In order to rationalize noise trading in different contexts, Diamond and Verrecchia

(1981), Battacharya and Spiegel (1991), and Spiegel and Subrahmanyam (1992), also consider
traders suffering endowment shocks.

13 Huddart et al. (2001) study the effects of ex post revelation of insider trades in the context
of the Kyle (1985) model.
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overlapping generations model. They show that, when investment is suf-
ficiently ‘‘information elastic’’, insider trading may be welfare enhancing.
In principle, the net effect on outsiders is ambiguous. Outsiders prefer
informative prices (due to past insider trading) but prefer not to trade
with insiders in the future. With persistent production shocks, the first
effect dominates.

Perhaps the paper that is closest is Leland (1992) (and the extensions in
Repullo (1999)). However we depart from them in that our entrepreneur is
the insider, is risk averse, and has market power. In Leland (1992) the
insider is external to the firm and risk averse but perfectly informed, and he
takes into account the effect of his trade on the price. The entrepreneur is
risk neutral and price-taking and, in fact, is forced to float the firm because
(in the model) the expected fundamental value is larger than the expected
price. In contrast, our model provides a rationale – risk aversion – for the
entrepreneur to float the project, and we assume that, being the only
supplier of the asset, he is aware of his market power. Furthermore, in
Leland’s model (as in ours), the firm does not learn anything from the stock
price. Leland (1992) shows that the average investment level may be higher
with insider trading because risk averse outsiders increase the demand for
the risky asset associated to investment. Expected stock prices will tend to
increase, decreasing the risk premium (decreasing the conditional volatility
of returns and increasing the ex ante volatility of prices). Leland performs
also a welfare analysis that is subject to the usual problems in noise-trader
models. In any case, he concludes that liquidity traders and outside
investors are hurt and that insiders and owners of firms issuing shares
benefit (because of a higher issuing price). The net effect is ambiguous
(positive if investment is very sensitive to the current price, risk aversion of
investors is low, and liquidity trading has low volatility). Repullo (1999)
shows that some of Leland’s results are not robust to the introduction of
noise in the information of the insider and analyzes some variations of the
model with investment prior to trading. For example, the insider has no
effect when modeled as having a positive mass instead of zero mass as in
Leland. In any case, Leland’s model depends on noise traders and thus it
cannot provide a satisfactory welfare analysis.

In the models discussed so far, the presence of insiders tends to make
prices more informative. However, Fishman and Hagerty (1992) show that
the presence of insiders may discourage information collection by outside
investors/analysts, possibly leading to less informative prices.14 There is also
a related literature on public disclosure by firms that exploits potential

14 In their model, stock prices guide the entry decisions of potential entrants. A related result

is obtained by Khanna et al. (1994). There is also a literature on how information in stock
prices help managerial incentives (see Holmstrom and Tirole, 1993).
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trade-offs between adverse selection and Hirshleifer effects. For instance,
Diamond (1985) focuses on the effect of public information on (endoge-
nous) costly information collection, comparing a regime that features
competitive privately informed investors with a regime in which, in addition
to private information, the firm discloses a public signal. In the Diamond
model, public information increases welfare because fewer investors collect
costly information. In our model, when public disclosure increases welfare
it does so by (a) increasing real investment, and (b) expanding opportunities
to share risks by reducing the adverse selection problem caused by the
presence of insiders.

The issues raised in our paper have a parallel in the literature on
security design (see Demange and Laroque, 1995, 2002; Rahi, 1996).
Demange and Laroque (2002) consider a setting similar to ours, albeit in a
competitive stock market with risk-neutral market makers, and study how
the entrepreneur might design the securities to be offered in the market,
depending on different informational assumptions about the signals re-
ceived by outsiders. An insight from their analysis is that the entrepreneur
may want to favor projects for which the asymmetry of information is less
pronounced.

3. The Model

Consider an economy where a single risky asset (with random ex post
liquidation value v) and a riskless asset (with unitary return) are traded
among a continuum of risk-averse competitive uninformed speculators, a
continuum of risk-averse competitive hedgers, and a large informed trader
(the insider). The risky asset is traded at a price p and thus generates a
return v� p.

Insider. The insider is an entrepreneur who undertakes a risky business.
Let q denote the level of investment (and also the number of shares issued).
The stochastic return per unit of investment (and the liquidation value per
share) is given by v. The technology is represented by a deterministic qua-
dratic cost function of the form CðqÞ ¼ c1qþ c2q

2=2, where c1 � 0 and c2 �
0. The insider is risk averse and has CARA utility: UðWiÞ ¼ � expf�qiWig,
where qi > 0 is the coefficient of constant absolute risk aversion andWi is the
insider’s final wealth. By virtue of his position, the entrepreneur has some
privileged (inside) information s on the likely realization of the production
return v. We assume that s is observed after choosing q, but before trading in
the security market, and that it is a noisy version of v: s ¼ vþ �, where v and �
are independent and E½�� ¼ 0.15 The final wealth of the insider, upon

15 We will use x, Ex, or E½x� to denote the expected value of a random variable x; we use r2x
and rxy to denote (respectively) the variance of x and the covariance between x and y.
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choosing a level of investment q and buying xi shares, is given by
Wi ¼ vq� CðqÞ þ ðv� pÞxi. The position of the entrepreneur in the market is
therefore qþ xi.

16

The insider has two motives to trade in the security market. First, he is
interested in trading in order to hedge part of the risk coming from real
investment q (here vq� CðqÞ is the random value of the entrepreneur’s
endowment before trading in the security market). Second, he may trade
for speculative reasons in order to exploit his private information about v.
The insider acts strategically (i.e., takes into account the effect his demand
has on prices) and submits a demand schedule Xiðs; pÞ that is contingent on
his private information s. If xi is positive then the entrepreneur is a net
buyer of shares; he is a net supplier if xi is negative (�xi will be the
entrepreneur’s net supply of the risky asset). In equilibrium we will see that
E xi½ � < 0 and the entrepreneur will sell shares on average. In the IPO
scenario, E �xi½ � > 0 could be interpreted as the firm’s (net) supply of
shares.

Speculators. There is a continuum of competitive uninformed speculators
(or market makers) indexed in the interval [0, 1] (endowed with the
Lebesgue measure). The final wealth of speculator k buying xsk shares at
price p is given by Wsk ¼ ðv� pÞxsk, where the buyer’s initial nonrandom
wealth is normalized to zero.17 Speculators trade to profit by taking some
of the risks that the entrepreneur and hedgers try to hedge (but their trades
are not motivated by any informational advantage or any need for hedg-
ing). Speculators do not bear any risk before trading in the security market;
they are risk averse and have CARA utilities: UðWskÞ ¼ � expf�qsWskg,
where qs > 0. Speculator k submits a demand schedule XskðpÞ. Since they
have rational expectations, speculators use their observation of the price to
update their beliefs about v.

Hedgers. There is a continuum of competitive hedgers indexed in the interval
(1, 2] (endowed with the Lebesgue measure). Hedger j has an initial
endowment uj of an asset with future (random) value z correlated with v. For
example, suppose the firm is in the telecommunications sector and the hedger
owns stock in a nontraded firm in the same sector with liquidation value z;
or, alternatively, that uj is linked to the human capital of workers of the firm.
The final wealth of hedger j buying xhj shares at price p is given by
Whj ¼ ujzþ ðv� pÞxhj. Hedgers are risk averse and have CARA utilities:

16 Production and share issuing is modeled as in Leland (1992). See also Bray (1985) for a
related model of futures markets, where p would correspond to the price in the futures market

and v to the future random spot price.
17 It is well known that, with constant absolute risk aversion, a trader’s demand for a risky

asset does not depend on his initial nonrandom wealth; hence we can assume (without loss of
generality) that speculators have zero initial wealth.
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UðWhjÞ ¼ � expf�qhWhjg, where qh > 0. Hedger j privately observes uj and
places a demand schedule Xhjðp; ujÞ that is contingent on his private infor-
mation uj. We assume that uj may be written as uj ¼ uþ gj, where u and gj are
independent (and gj is independent of gl for all j 6¼ l ). We will use the
convention that errors cancel out in the aggregate,

R 2
1 gj dj ¼ 0 a.s. Hence,R 2

1 uj dj ¼
R 2
1 ðuþ gjÞdj ¼ uþ

R 2
1 gj dj ¼ u a.s., so that u is the aggregate risky

endowment of the hedgers. A hedger uses observed prices to update his
beliefs about v. A hedger’s primary motive for trading is to reduce risks.
However, the endowment shock to hedger j is his private information, and
each hedger places a demand schedule. Therefore, hedgers’ demand has also
a speculative component.

Timing. The timing of events in the model is as follows. At t ¼ 0, the
entrepreneur chooses the level of real investment q and also the number of
shares issued (at this time he has no private information). The level of
investment q is public information. At t ¼ 1, the entrepreneur receives a
private signal s about v and hedger j receives an endowment shock uj. At
t ¼ 2, the entrepreneur, speculators, and hedgers all submit their demand
schedules, the market-clearing price is set, and trade occurs. Finally, at
t ¼ 3, the terminal values z and v are realized and agents consume. It may
be useful to view the insider as a coalition of the initial owners of the firm
who face an investment opportunity. They (or their manager) decide the
level of investment, knowing that the next round of trade will incorporate
the expectations about the value of the project and that the coalition of
insiders will by then have privileged information. Risk aversion provides
the incentive to float the project.

Distributional assumptions. All random variables are assumed to be normally
distributed: v � Nðv; r2vÞ, z � Nðz; r2zÞ, u � Nð0;r2uÞ, � � Nð0;r2� Þ, and
gj � Nð0;r2gÞ for all j. Without loss of generality, we assume that z may
be written as z ¼ rz½ðrvz=rvÞvþ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� r2vz

p
n� , where rvz is the correlation

coefficient between z and v and where n � Nð0; 1Þ. Moreover, we assume
that n is independent of any other variable in the model, that covðv; uÞ =
covðs; uÞ = covðv; ujÞ = covðs; ujÞ = covðv; �Þ = covðv; gjÞ = covðu; gjÞ =
covðs; gjÞ = covð�; uÞ = covð�; gjÞ ¼ 0 for all j, and that covðgj; glÞ ¼ 0 for all
j 6¼ l. Let Rsv denote the square of the correlation coefficient between s and v,
Rsv ¼ r2v= ðr2v þ r2� Þ, and let Ru denote the square of the correlation coefficient
between u and uj, Ru ¼ r2u=ðr2u þ r2gÞ.

Throughout this paper, the subscripts i, s, and h will refer to the insider,
the speculators, and the hedgers, respectively.

Linear equilibria and pricing. We will restrict attention to perfect Bayesian
linear (affine) equilibria. At these equilibria, agents’ strategies at the market
stage will be linear in the signals they observe.
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• The insider’s strategy will be a linear function of his private infor-
mation s, the price p (since he submits a limit order), and q. The
strategy may be written (without loss of generality)18 as

Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciq;

where ai, bi, and ci are endogenous nonrandom parameters.
• Speculator k’s strategy may be written (without loss of generality) as

XskðpÞ ¼ bsðv� pÞ � csq;

where bs and cs are endogenous nonrandom parameters.
• Finally, hedger j’s strategy xhj will depend on his endowment shock uj,
the price, and q. We can assume that it may be written as

Xhjðp; ujÞ ¼ bhðv� pÞ � duj � chq;

where bh, ch, and d are endogenous nonrandom parameters.

The equilibrium price must satisfy the market-clearing condition

XsðpÞ þ Xhðp; uÞ þ Xiðp; sÞ þ q ¼ q; ð1Þ

where XsðpÞ ¼
R 1
0 XskðpÞ dk is the speculators’ aggregate demand and

Xhðp; uÞ ¼
R 2
1 Xhjðp; ujÞdj is the hedgers’ aggregate demand. Given the linear

strategies posited above, XsðpÞ ¼ bsðv� pÞ � csq, Xhðp; uÞ ¼ bhðv� pÞ � du�
chq, and the equilibrium price is given by

p ¼ vþ 1

bi þ bs þ bh
aiðs� vÞ � du½ � � ci þ cs þ ch

bi þ bs þ bh
q ;

or equivalently,

p ¼ v� Cqþ aiðs� vÞ � du
K

;

where C ¼ ðci þ cs þ chÞ=ðbi þ bs þ bhÞ and K ¼ bi þ bs þ bh. That is, the
equilibrium price will be a linear function of the random inside information s,
the hedgers’ random aggregate endowment u (errors gj cancel in the aggre-
gate), and the level of real investment q.

Reasonable parameter values. We extend the analytical results with simula-
tions. We take two variations of a base case for our simulations, assuming
throughout that qh � qi > qs and that volatilities are not too far from market

18 We should write Xiðs; pÞ ¼ ais� bip� ciqþ ui, but in equilibrium we will have ui ¼
ð�ai þ biÞv.
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values (similar to those in Leland (1992), for example). The base case has
qh ¼ 3; qi ¼ 2; and qs ¼ 1; volatilities are given by rv ¼ 0:2, ru ¼ 0:1,
rz ¼ 0:2 and covariances by ru ¼

ffiffiffiffiffiffi
Ru

p
¼ 0:1; rvz ¼ ðrvzÞ=ðrvrzÞ ¼ 0:91; and

v ¼ 1; and Rsv ranges from 0 to 1: In variation 1 (BC1) we have c1 ¼ 0:9 and
c2 ¼ 0:02 while in variation 2 (BC2) we set c1 ¼ c2 ¼ 0: We also consider
variations in qh, qi, ru, ru, and rv. (For example, we consider a volatility of
the fundamental value of rv ¼ 0:6, which is of the Nasdaq type, in contrast
with the base case of rv ¼ 0:2; which is of the NYSE type; we also consider
qh ¼ 6; qi 2 0:1; 0:2; 0:5; 1:5f g high-noise scenarios with ru 2 0:5; 0:6; 0:7f g
and ru ¼ 0:4 and 0:5.) It is worth remarking that, in the parameter grid
considered, the magnitude of the computed equilibria is on the order of
2� 3� 2� 5� 4� 3� 101 ¼ 72 720.

Market quality parameters. We will analyze the following dimensions of
market quality:

(1) Market depth is measured by the inverse of the price impact of a one-
unit increase in the hedging demand du:

K ¼ dp

dðduÞ

���� ����� ��1

:

The higher is K, the lower is the price impact of an increase in du and
the higher is the market depth. In equilibrium, K is equal to the sum of
the price sensitivities of the demands of the insider, speculators, and
hedgers:

K ¼ bs þ bh þ bi:

(2) Price volatility is defined as the variance of the equilibrium price,
var p½ �. In our model, volatility is caused by information about the
liquidation value v and by uncertainty about the hedgers’ aggregate
random endowment u. In equilibrium, price volatility will be
increasing in the volatility of inside information, the volatility of
hedgers’ aggregate random endowment, and the trading intensities of
the entrepreneur (ai) and the hedgers (d). It will be decreasing in the
depth of the market K.

(3) Price informativeness s is defined as the precision of the price in the
estimation of the future liquidation value v:

s ¼ 1

var v j p½ � :

The more informative the price is, the lower is the volatility of the
liquidation value conditional on the price.
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4. Equilibrium with Insider Trading

In this section we first characterize equilibria in the securities market for a
given investment level q when the entrepreneur/insider is allowed to trade on
the basis of his private information. We then go on to characterize the
optimal investment policy.

4.1. EQUILIBRIUM IN THE SECURITIES MARKET

Speculator k’s objective function given his information fpg can be written
as

E½� expf�qsWskgjp� ¼ � exp �qs E½Wskjp� �
qs
2
var½Wskjp�

� �n o
:

This expression follows because we restrict ourselves to linear equilibria and
so preserve the normality of Wsk conditional on p.19 Since E½Wskjp� ¼
xskE½v� pjp� and var½Wskjp� ¼ x2skvar½v� pjp�, maximizing with respect to xsk
yields a demand function for the risky asset of

XskðpÞ ¼
E½v� pjp�

qsvar½v� pjp� ; ð2Þ

which is linear in p since var½v� pjp� is constant and since E½v� pjp� is lin-
ear in p (owing to the normality assumption). All the speculators will place
the same demand schedule (since all of them have the same information), so
the speculators’ aggregate demand XsðpÞ will be given by the same expres-
sion. This demand will depend on q because knowledge of q is needed to
infer information about s from the price; it may be written as XsðpÞ ¼
bsðv� pÞ � csq.

Similarly, hedger j will choose xhj to maximize

E½UðWhjÞ
��p; uj� ¼ � expf�qhðE½Whj

��p; uj� � qhvar½Whj

��p; uj�=2Þg;
where E½Whj

��p; uj� ¼ ujE½zjp; uj� þ ðE½vjp; uj� � pÞxhj and var½Whj

��p; uj� ¼
u2j var½zjp; uj� þ x2hjvar½v� pjp; uj� þ 2ujxhjcov½z; v� pjp; uj�:

19 Using the fact, that for a normally distributed random variable e, E½expfeg� ¼ expfE½e�þ
var½e�=2g.
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From the first-order condition, hedger j ’s optimal demand for shares is given
by

Xhjðp; ujÞ ¼
E½v� pjp; uj� � qhujcov ½z; v� pjp; uj�

qhvar½v� pjp; uj�
: ð3Þ

Hedger j’s demand may be decomposed into two terms as follows.

• Speculative demand: E½v� pjp; uj�=ðqhvar½v� pjp; uj�Þ, which will
depend on q (because this helps reading the information about s in the
price) and on uj provided that Ru > 0 (because then uj contains
information on u, which in turn helps to recover information about s in
the price).

• Hedge supply: �ðcov½z; v� pjp; uj�=var½v� pjp; uj�Þuj ¼ �ðruz=r2vÞuj.
The amount of the hedger’s initial endowment (uj) that is hedged in the
market is proportional to the correlation between the value of the
hedger’s asset z and the return of the risky security v� p conditional
on the hedger’s information fp; ujg.

The demand of hedger j can be written then as Xhjðp; ujÞ ¼ bhðv� pÞ�
chq� duj. The hedger’s aggregate demand will be given by

Xhðp; uÞ ¼
Z 2

1

xhjðp; ujÞdj ¼ bhðv� pÞ � chq� d
Z 2

1

ujdj

¼ bhðv� pÞ � chq� du:

Now, from the market-clearing condition xs þ xh þ xi ¼ 0, the relation
between the insider’s trade xi and the price is given by

p ¼ vþ k½xi � du� ðcs þ chÞq�; where k ¼ 1

bs þ bh
:

The entrepreneur’s maximization problem at the market stage is

max
xi

E½� expf�qiWigjs; p�

s.t. Wi ¼ vq� Cqþ ðv� pÞxi

p ¼ vþ k½xi � du� ðcs þ chÞq�:
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Given normality, this is equivalent to maximizing

E½Wijs; p� �
qi
2
var½Wijs; p� ¼

qE½vjs� � CðqÞ þ xi E½vjs� � pf g � qi
2
ðxi þ qÞ2var½vjs�:

Although the price has no information to aggregate, it is still useful from the
insider’s point of view because it allows him to infer the exact amount of
noise created by hedge trading (and thus eliminate the price risk it creates). If
the second order-condition holds, 2kþ qivar½vjs� > 0, then the insider has a
well-defined demand function

Xiðs; pÞ ¼
E½vjs� � p� qiqvar½vjs�

qivar½vjs� þ k
; ð4Þ

where E½vjs� ¼ vþ Rsvðs� vÞ and var½vjs� ¼ ð1� RsvÞr2v . We may write xi as

Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciq;

where

ai ¼
Rsv

qið1�RsvÞr2v þ k
; bi ¼

1

qið1�RsvÞr2v þ k
; ci ¼

qið1�RsvÞr2v
qið1�RsvÞr2v þ k

:

The entrepreneur’s asset position can also be decomposed into two terms.

• Speculative demand: (E½vjs� � pÞ=ðqivar½vjs� þ kÞ, according to which the
insider buys (sells) if his estimate of the asset liquidation value is greater
(lower) than the price. Moreover, the weight placed on inside infor-
mation ai is increasing in the precision of the information and is
decreasing in the insider’s risk aversion and the slope of residual supply.

• Hedge supply: HSi ¼ ðqivar½vjs�Þ=ðqivar½vjs� þ kÞq ¼ ciq. This depends
on real investment, which determines the initial risk borne by the
entrepreneur before trading on the asset market, but it is independent
of the realization of his information. Note that ci > 0 unless, Rsv ¼ 1
(perfect information) or qi ¼ 0 (risk neutrality), in which case the
entrepreneur does not want to hedge any part of the investment.
Furthermore, it is never optimal to hedge all the risk due to real
investment, ci < 1; provided the entrepreneur has market power,
k > 0. He reduces his hedge supply in order to get a higher (expected)
price (a price-taking entrepreneur would have a hedge supply
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HSi ¼ q). The entrepreneur undertakes a risky business and then sells
part of the risky asset to obtain insurance. We think of ci ¼ HSi=q as
the hedge ratio.

Following a standard procedure (Kyle, 1989), we can characterize a linear
and imperfectly competitive rational expectations equilibrium (a linear
Bayesian equilibrium in demand functions). A sketch of the proof can be
found in the appendix.

PROPOSITION 1. If there is an imperfectly competitive rational expecta-
tions equilibrium in the security market, then it is given by

XsðpÞ ¼ bsðv� pÞ � csq;

XhðuÞ ¼ bhðv� pÞ � chq� du;

Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciq;

p ¼ v� Cqþ aiðs� vÞ � du
K

;

where

K ¼ bs þ bh þ bi;

C ¼ ðcs þ ch þ ciÞ=K;

ai ¼
Rsv

qið1� RsvÞr2v þ k
;

bi ¼
1

qið1� RsvÞr2v þ k
;

ci ¼
qið1� RsvÞr2v

qið1� RsvÞr2v þ k
;

bs ¼
1

qsr2v

d2r2u � ðai=kÞr2v
d2r2u þ ðR�1

sv � 1Þa2i r2v
;

cs ¼
�ai

qs d2r2u þ ðR�1
sv � 1Þa2i r2v

� �
1þ aiEð Þ

ci;
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bh ¼
1

qhr2v

ð1� RuÞd2r2u � ðai=kÞr2v
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

ch ¼
�ai

qh ð1� RuÞd2r2u þ ðR�1
sv � 1Þa2i r2v

� �
1þ aiEð Þ

ci;

d ¼ rvz
r2v

� �
1þ Ruai

qh ð1� RuÞd2r2u þ R�1
sv � 1

	 

a2i r

2
v

� �( )�1

;

and

k ¼ 1

bs þ bh
;

with

E ¼ 1

qs
d2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

þ 1

qh
ð1� RuÞd2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

:

In principle, to find the equilibrium we must solve a system of eleven equa-
tions with eleven unknowns ðK, C, ai, bi, ci, bs, cs, bh, ch, d, kÞ. However, if we
have the equilibrium values of d and k, then (from the first nine equations)
the equilibrium values of the first nine parameters ðK, C, ai, bi, ci, bs, cs, bh,
chÞ are easy to compute. By substituting the equations

ai ¼
Rsv

qið1� RsvÞr2v þ k
;

bs ¼
1

qsr2v

d2r2u � ðai=kÞr2v
d2r2u þ ðR�1

sv � 1Þa2i r2v
;

bh ¼
1

qhr2v

ð1� RuÞd2r2u � ðai=kÞr2v
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

into the last two equations in the proposition, we obtain the following two
equations in ðd; kÞ:
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RuRsv

qið1�RsvÞr2vþk
d¼qh

rvz
r2v

� �
�d

� �
ð1�RuÞd2r2uþ

ð1�RsvÞRsvr2v
½qið1�RsvÞr2vþk�2

( )
;

ð5Þ

k ¼ r2v
d2r2u

1þ ai
qs½d2r2uþa2i ðR�1

sv �1Þr2v �
þ ai

qh½ð1�RuÞd2r2uþa2i ðR�1
sv �1Þr2v �

1þ 1
qs½d2r2uþa2

i
ðR�1

sv �1Þr2v �
þ 1�Ru

qh½ð1�RuÞd2r2uþa2
i
ðR�1

sv �1Þr2v �
: ð6Þ

There is a linear equilibrium if and only if there is a solution to this two-
equation system in ðd; kÞ with k � 0.

The expected price is equal to the prior expected liquidation value minus a
risk premium, p ¼ v� Cq. The risk premium is positive and is directly pro-
portional to the level of investment, where C ¼ ðcs þ ch þ ciÞ=K: The equi-
librium parameter K ¼ bs þ bh þ bi is an index of market depth.

We define the price precision as s � ðvar v j p½ �Þ�1; it is an index of the
informativeness of the price about the liquidation value v. The price contains
information about v if and only if traders with information on fundamentals
trade on the basis of that information. Thus, it is natural to expect that the
higher the trader’s sensibility to fundamentals information, the more infor-
mative the price. This is true in equilibrium.

The entrepreneur, on average, is a net supplier of the risky asset. That is,
E xi½ � ¼ qðbiC� ciÞ < 0: Because the risk premium is positive, the ex ante
expected value of his speculative demand is positive ðbiðv� pÞ ¼ biCq > 0Þ
and the entrepreneur sells a nonrandom quantity of the risky asset to hedge
his real investment �ciq. In equilibrium, the entrepreneur’s hedge supply is
greater than his expected speculative demand. However, when the entrepre-
neur receives a perfect signal Rsv ¼ 1, we have cs ¼ ch ¼ ci ¼ C ¼ 0 and so
the entrepreneur does not hedge any part of the investment. This does not
mean that the stock market is not active. The entrepreneur still wants to trade
for speculative reasons and to absorb hedge demand from hedgers (and his
expected demand is zero because there is no risk premium).

Existence of a linear equilibrium cannot be guaranteed. It is easy to
find values of the exogenous parameters such that no linear equilibrium
exists. However, equilibrium always exists when the insider has no pri-
vate information. The nonexistence result should not be surprising. For
example, Bhattacharya and Spiegel (1991) show how the market may
break down because of asymmetric information when there are infor-
mational and hedging motives for trade.20 The reason is adverse selec-

20 In their model, if a linear equilibrium fails to exist then nonlinear equilibria in some
feasible class do not exist either, except for a degenerate no-trade equilibrium. In our model we

do not examine nonlinear equilibria, and no-trade equilibria arise only when the entrepreneur
does not hedge the project at all.
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tion. When the insider has no information there is no adverse selection
problem; when he has private information then hedgers have also an
informational advantage with respect to uninformed speculators. For
example, if the squared correlation coefficient between u and uj, Ru, is
close to unity then hedger j can recover from the price essentially the
information of the insider because he observes uj and this is very close to
u. A linear equilibrium always exists when the adverse selection problem
is moderate. This happens when the combined informational advantage
of the insider and the hedgers is not very high – more precisely, when
the risk-adjusted informational advantage of the insider (Rsv=qi) and/or
the hedgers (Ru=qh) is sufficiently small.21 This means in particular that a
linear equilibrium exists when the main trading motive for hedgers and
the entrepreneur is insurance, which happens when they are very risk
averse (qh and/or qi large) and/or their informational advantage is small
(Ru and/or Rsv small). It is worth noting that, if the entrepreneur is
risk neutral (qi ¼ 0), then a linear equilibrium will not exist unless Ru=qh
and/or Rsv are very small.

The following proposition states the result.

PROPOSITION 2. Given fixed values of the exogenous parameters rvz, r2u,
r2v , r

2
z , and qs, a unique linear equilibrium exists if ðRsv=qiÞ and/or ðRu=qhÞ

are small. As Ru=qh or Rsv=qi tend to zero, the equilibrium parameter d tends
to rvz= r2u.

Proof. See appendix. (

Simulations in the BC1 range of ‘‘reasonable parameter values’’ establish
that the largest value of Rsv, RsvðRu=qhÞ, for which there is equilibrium is
decreasing in Ru=qh: For example, we find that Rsvð0:25=3Þ ¼ 0:1156;
Rsvð0:16=3Þ ¼ 0:2601; Rsvð0:25=10Þ ¼ 0:5625; Rsvð0:01=3Þ ¼ 1.

4.2. INVESTMENT

For a given q, the insider’s ex ante expected utility may be written (after
cumbersome manipulations; see Section A.1 in the appendix for a summary)
as

JiðqÞ¼E½�expf�qiWig�¼�jSGijjIGijexpf�qi½qv�CðqÞ�ðqi=2Þq2r2v �g;

21 It is worth noting that equilibrium may exist even if ðRsv ¼ 1Þ. This will be so if, for some
appropriate values of other parameters, Ru=qh is small enough.
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where

jSGij ¼ 1þ qiðRsvr2v þ d2k2r2uÞ
qið1� RsvÞr2v þ 2k


 ��1=2

;

jIGij ¼ expf�ðq2i =2Þr2vdq2g;

d ¼ qir
2
v

qir2v þ 2kþ qik
2d2r2u

1þ ð1� RsvÞk
qið1� RsvÞr2v þ k

aiE
1þ aiE


 �2

and

E ¼ 1

qs
d2r2u þ

Rsvð1� RsvÞr2v
qið1� RsvÞr2v þ k
� �2

" #�1

þ 1

qh
ð1� RuÞd2r2u þ

Rsvð1� RsvÞr2v
qið1� RsvÞr2v þ k
� �2

" #�1

:

The insider’s ex ante expected utility is the product of three terms: the utility
derived from the speculative demand jSGij,22 the utility coming from real
investment, and the utility derived from the insurance achieved via the hedge
supply jIGij.

The optimal investment level solves maxq JiðqÞ: This is equivalent to
solving

max
q

½qv� CðqÞ � 0:5qir
2
vq

2ð1� dÞ�:

The optimal level of real investment is obtained by equating (expected)
marginal value v to marginal cost C0ðqÞ þ qir

2
vð1� dÞq, which is the sum of

the marginal production costs and the (opportunity) cost related to the
riskiness of real investment (see Figure 1). The optimal level of real invest-
ment is increasing in d, which is a measure of hedging effectiveness of the
asset market from the entrepreneur’s point of view:

qIT ¼ v� c1
c2 þ qir2vð1� dÞ : ð7Þ

22 The speculative term has two components: the term Rsvr2v is associated with gains from

private information and the term d2k2r2u with gains form market making. The private infor-
mation gains disappear, obviously, when there is no private information (Rsv ¼ 0Þ:
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As expected, the direct impact of an increase in risk aversion qi or risk r2v is to
decrease qIT: There are other indirect effects operating through d; but the
simulations we have performed with the model (see below) indicate that the
direct effects prevail. An increase in the cost parameters c1and c2 unambig-
uously decrease investment. If the market is totally ineffective in hedging or if
there is no market, then d ¼ 0 and investment qIThits its lowest level
q0 � ðv� c1Þ=ðc2 þ qir

2
vÞ: It is easy to check that, for Rsv close to 0 or close to

1, we have 1 > d > 0 (and in all our simulations the inequalities hold also). In
particular, when Rsv ¼ 1, it follows that d > 0: This may seem surprising
because the insider has no hedging demand ðci ¼ 0Þ when Rsv ¼ 1. However,
by speculating the entrepreneur can partially hedge his investment provided
that, conditional on the signal, the investment return and the speculative
demand are correlated:

cov E½vjs�; E½vjs� � p

qivar½vjs� þ k


 �
¼ Rsvr2v

qið1� RsvÞr2v þ 2k
> 0;

d=0

d>0

q0 qIT q

c1

v

Figure 1. Investment (q) and hedging effectiveness of the market (d).

221REGULATING INSIDER TRADING



whenever Rsv > 0. If the insider is risk neutral then qIT ¼ ðv� c1Þ=c2 and,
obviously, the hedging effectiveness of the market d plays no role.

4.3. EXPECTED UTILITIES

The insider’s ex ante expected utility may be written as

EUi � JiðqITÞ ¼ �jSGij expf�0:5qiðv� c1ÞqITg;

the product of the speculative component with production and insurance
gains.

The speculators’ ex ante expected utility can be seen (see Section A.1 in the
appendix) to be given by

EUs � E½� expf�qsWsg�

¼ �jSGsj exp �0:5
ðCqÞ2

var½EðvjpÞ � p� þ var½vjp�

( )
;

where

jSGsj ¼ 1þ var½EðvjpÞ � p�
var½vjp�


 ��1=2

;

var½EðvjpÞ � p� ¼
d2r2u þ a2i R

�1
sv r

2
v � aiKr2v

� �2
K2 d2r2u þ a2i R

�1
sv r

2
v

� �
and

var½vjp� ¼ r2v
d2r2u þ a2i ð1� RsvÞR�1

sv r
2
v

d2r2u þ a2i R
�1
sv r

2
v

:

Note that, for given K and k, EUs increases with the risk premium Cq; which
is nothing else but the expected margin Eðv� pÞ ¼ v� p ¼ Cq .

The expressions for the expected utility of a hedger EUh are compli-
cated (see Section A.1) but simulations show that, for given K and k, EUh

also increases with the risk premium Cq. To gain intuition as to why
E½UðWhÞ� decreases with p ¼ v� Cq, observe that when the hedger hedges
his endowment the return is precisely p, and a higher expected level of
p increases the risk borne by the agent. (If v ¼ z so that rvz ¼ r2v and
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if the endowment is completely hedged, xhj ¼ �uj, then Whj ¼ ujz þ
ðv� pÞxhj ¼ ujp.) Furthermore, it is possible to show that if hedgers are
sufficiently risk averse then EUh increases with K and decreases in var p½ �,
ceteris paribus.23

5. Equilibrium With Public Disclosure

We wish to compare the equilibrium with insider trading, which is described
in Proposition 1, with the equilibrium in the same market without insider
trading. What is meant exactly by a ‘‘market without insider trading’’? A
wide variety of restrictions on insider trading could be considered. We will
explore in Section 6 the consequences of prohibiting insider trading via an
‘‘abstain-or-disclose’’ rule. Two relevant benchmarks will be a PD regime in
which the entrepreneur publicly reveals his inside information s and a NI
regime in which the entrepreneur has no private information, Rsv ¼ 0. In this
section we explore the two benchmarks in which there is symmetric infor-
mation about v.

If the insider publicly reveals his private information s before trading in
the asset market, then all the agents share the same information about v . The
next proposition describes the equilibrium in this case.

PROPOSITION 3 (PD regime). If Rsv < 1 and the entrepreneur publicly
discloses his inside information before trading on it, then there is a unique,
linear, and imperfectly competitive rational expectations equilibrium in the
asset market that is characterized by

Xsðs; pÞ ¼ bsðv� pÞ þ asðs� vÞ;

XhðuÞ ¼ bhðv� pÞ þ ahðs� vÞ � du;

Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciq;

p ¼ E½vjs� � Cq� du
K

;

where

ai ¼
Rsv

½qi þ qhqs
qhþqs

�ð1� RsvÞr2v
; bi ¼

1

½qi þ qhqs
qhþqs

�ð1� RsvÞr2v
;

23 It can also be seen that, in this case, EUh increases with the risk premium Cq for given K
and k:
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ci ¼
qi

qi þ qhqs
qhþqs

; as ¼
Rsv

qsð1� RsvÞr2v
;

bs ¼
1

qsð1� RsvÞr2v
; ah ¼

Rsv

qhð1� RsvÞr2v
;

bh ¼
1

qhð1� RsvÞr2v
; d ¼ rvz=r

2
v ; k ¼ qhqs

qh þ qs
ð1� RsvÞr2v ;

K ¼ 1

ð1� RsvÞr2v
1

½qi þ qhqs
qhþqs

� þ
1

qs
þ 1

qh

 !
and C ¼ ci=K:

The level of real investment chosen by the entrepreneur is given by q ¼
ðv� c1Þ=ðc2 þ qir

2
vð1� d ÞÞ; where d ¼ qið1� RsvÞ=½qi þ 2qsqh=ðqs þ qhÞþ

qiðqsqh=ðqs þ qhÞÞ2ð1� RsvÞr2vd2r2u�:

Proof. See appendix. (

REMARK. If everybody knows the exact value of v Rsv ¼ 1ð Þ, the security
market breaks down, since as soon as the value of the signal is disclosed by
the insider there is no longer any risk to be born. Otherwise equilibrium
always exists because neither the entrepreneur nor the hedgers have an
informational advantage. If Rsv ¼ 1 then the unique possible equilibrium
price is p ¼ v (at any price different from v, all the traders would like to buy
or sell an unbounded amount of shares), but at that price a risk-averse trader
has no incentive to trade. This is in contrast to the insider trading case, where
the market need not break down even if the insider is perfectly informed
(Rsv ¼ 1Þ. This is so because the insider acts strategically and prevents the
price from being fully revealing.

When s is public information, the hedgers do not have an informational
advantage because u is revealed by the price. The outsiders (hedgers and
speculators) do not face adverse selection, since the entrepreneur has no
informational advantage either. In this case there is a linear equilibrium for
all parameter configurations (unless Rsv ¼ 1Þ. Outsiders are more willing to
provide liquidity, and the price impact of the entrepreneur’s demand will tend
to be lower. Moreover, the asset is now less risky to outsiders because they
have more information. Both effects tend to increase the outsiders’ trading
intensity and, as a result, the depth of the market increases.

The only equilibrium parameter affected by rvz is d (and consequently
qPD). If d ¼ 1 then hedgers supply u in the aggregate. Furthermore, the
entrepreneur’s hedge ratio ci is independent of Rsv (and of any variance of the
random variables in the model); it depends only on the degree of risk aver-
sion of the agents in the economy.
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The strategies of the outsiders do not depend on q.24 This is because s
is known and need not be inferred from the price. At the same time,
since there is no informational asymmetry between the insider and the
outsiders, the entrepreneur’s speculative demand and the expected pro-
duction return (conditional on the entrepreneur’s information) are
uncorrelated. That is,

cov
E½vjs� � p

qi var½vjs� þ k
;E½vjs�


 �
¼ 0

because E½vjs� � p ¼ Cqþ du=K. This is in contrast to the case of insider
trading.

The equilibrium of the model when the insider does not have any private
information before trading in the asset market can be derived from Propo-
sition 3 by letting Rsv ¼ 0.

The next proposition and claim analyze the main effects of changes in the
precision of information about v with public disclosure. It also allows us to
compare the equilibria described in Proposition 3 (with public revelation of
inside information) with the case of no inside information.

PROPOSITION 4 (Comparative statics in PD regime). Assume that the
entrepreneur publicly discloses his inside information before trading takes
place. If Rsv increases, then:

1. Trading intensities ðai, bi, as, bs, ah, and bhÞ increase; the market
becomes deeper ðK increasesÞ; the stock price becomes more in-
formative and the risk premium ðciq=KÞ is lower ðthe average stock
price is higherÞ.

2. The level of real investment decreases.
3. The expected utilities of both the insider and the speculators decrease.

Proof. See Appendix. (

CLAIM 5.25 If Rsv increases then

• prices are more volatile and
• the expected utility of hedgers decreases.

Proposition 4 collects themain effects of public information on real investment
and on the efficiency of the financial market. If the precision of public

24 The speculator’s demand is given by Xsðp; sÞ ¼ ðE½vjs� � pÞ=ðqsvar½vjs�Þ, and hedger j’s

demand is given by Xhjðp; s; ujÞ ¼ ½ðE½vjs� � pÞ=ðqhvar½vjs�Þ� � ðrvz=r2vÞuj:
25 This Claim is based on simulations BC1, BC2 and variations, in each case for the

parameter ranges described in Section 3. Table 1 reports the result of the BC1 simulations. The
result for BC2 are not reported but are available from the authors upon request.
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information increases, then all the agents trade more aggressively because the
ex post volatility of the risky asset is lower. As a direct consequence, the stock
price will be more informative, since traders react more to their information.
Moreover, the market depth is increased because it is proportional to
the traders’ aggregate price sensitivity. The impact on price volatility
var½p� ¼ Rsvr2v þ d=Kð Þ2r2u is ambiguous: more informative prices will tend to
be more volatile, but at the same time the market is becoming deeper. The first
effect dominates unless rvru is very large. For reasonable parameter values,
d var½p�=dRsv > 0 because d=Kð Þ2 decreases less than linearly with Rsv.

The level of real investment q is decreasing in Rsv. As Rsv tends to unity the
hedging effectiveness of the market tends to zero d ! 0ð Þ. The reason is the
Hirshleifer effect: public information reduces the risk-sharing opportunities
provided by the financial market because it destroys insurance opportunities
for the entrepreneur and hedgers (the latter by revealing information corre-
lated with their endowment shock).

The risk premium ðci=KÞq is decreasing in the precision of public
information, since increases in Rsv cause market depth K to increase and q
to decrease (and the hedge ratio ci of the entrepreneur is independent of
Rsv). If the precision of s increases, the entrepreneur’s hedge supply ciq
decreases, along with his expected demand: dE½xi�=dRsv < 0 (indeed, E½xi� ¼
ciq bi=K� 1ð Þ, and bi=K < 1 is independent of Rsv). This happens because the
optimal level of real investment is decreasing in Rsv.

The effect of increases in Rsv on the expected utility of the entrepreneur is
negative. This is so because both speculative and production-related gains
diminish with better public information (the latter because q decreases). The
same is true for the expected utility of speculators. The expected utility of
hedgers decreases also in the simulations performed. The decrease in the risk
premium, compounded with the increased volatility, outweigh the positive
effect of an increased market depth. In summary, we obtain the result that, in
a regime with public disclosure, increasing the precision of public informa-
tion is typically Pareto-inferior.

6. Effects of Insider Trading

If the market is subject to an ‘‘abstain-or-disclose’’ rule, the entrepreneur
should either publicly reveal his inside information s or abstain from trading
on the basis of that information.26 To examine the desirability of such an
‘‘abstain-or-disclose’’ rule we need to know what the effects are of imposing

26 If the entrepreneur has private information then perhaps he can commit his portfolio to
an independent trust with instructions to do as well as possible but, obviously, with no inside

information. Then, instead of abstaining from trade, he (the trust’s manager) will trade as if
Rsv ¼ 0 .
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it. Suppose first that the entrepreneur/insider learns s for free in the course of
his activity. Then – when faced with the choice of (a) disclosing s and trading
or (b) not disclosing and not being able to trade on the information – he will
choose to disclose because only by trading can he hedge the investment risk.27

This means that the relevant welfare comparison is between a public dis-
closure regime and insider trading (IT).28

Suppose now that learning s costs some effort. Then the entrepreneur will
never spend any effort to learn s if the information must be disclosed before
use. Indeed, if he obtains the information then he will like to disclose it and
trade, but we know from Proposition 4 that the entrepreneur is better off
when NI about v is available. Therefore, he will choose not to collect any
information.29 This means that the relevant welfare comparison is between a
regime in which the entrepreneur has no private information (NI where
Rsv ¼ 0) and insider trading (IT).

The relevant benchmarks of comparison are then the equilibrium with
insider trading (IT), the equilibrium with public disclosure of s (PD), and the
equilibrium with no private information on v (NI).

6.1. INSIDER TRADING VERSUS NO INFORMATION ON FUNDAMENTALS

In this subsection we compare the equilibrium when insider trading is per-
mitted (see Proposition 1) with the equilibrium in a similar market in which
the entrepreneur does not have any inside information (see Proposition 3
with Rsv ¼ 0Þ.

All we have to do is to analyze the comparative statics of the endogenous
parameters that characterize the equilibrium when insider trading is allowed
with respect to Rsv. We do so in the case for which we can ensure that there is
a unique (linear) equilibrium (Ru=qh small). The robustness of the results is
checked with simulations.

In what follows we illustrate the comparative statics with respect to Rsv in
the IT equilibrium. The formal statement (Proposition 9) and proof are in the
appendix. If the risk-adjusted informational advantage of hedgers Ru=qhð Þ is
small, then:

27 It is possible to check that the expected utility of the insider and speculators strictly
decreases if there is no trade (NT) either in relation to the public disclosure regime or the NI
regime. This is also the case for hedgers provided that their expected utility does not diverge to

�1. For the entrepreneur we have that EUNT
i < EUPD

i < EUNI
i :

28 However, if the entrepreneur can commit his portfolio to a trust then he will prefer to
‘‘abstain’’ rather than ‘‘disclose’’ because the expected utility of the insider decreases with Rsv

when information is public. In this case, the relevant comparison would be between the no-
information regime and insider trading.

29 The result also holds if the entrepreneur can hire an agent to invest on his behalf. Then
the entrepreneur will never pay for the information because he cannot use it.
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• IT increases price precision, increases the insider’s sensitivity to trading
signals, and decreases the price responsiveness of speculators and hedgers;
when qi is not too large, it decreases market depth and increases price
volatility.

• When Rsv is close to 1, insider trading decreases real investment and
the risk premium, increases the insider’s speculative gains (reducing his
production and insurance gains), and decreases speculators’ ex ante
expected utility.

• When qi is low enough, insider trading increases the expected utility of
the insider.

Through simulations, we establish some further results on these comparative
statics (for the range of parameters illustrated in Section 3):

• The results in the first two bullet points above hold for reasonable
parameter values (cases BC1 and BC2 with variations Ru ¼ 0:16 and
Ru ¼ 0:25).

• Insider trading decreases the expected utility of the insider and hedgers
(cases BC1 and BC2). However, in high-noise environments (with
ru 2 0:5; 0:6; 0:7f g and ru ¼ 0:4 or 0:5) the expected utility of the in-
sider increases with insider trading.

The simulations performed (see Table I, where results for BC1 are displayed),
provide estimates of the magnitude of the effects as well as a robustness check
for parameters outside the range of the base cases.

Quantitative effects. (1) KNI is much larger than KIT even for Rsv small (from
Rsv ¼ 0 to Rsv ¼ 1=20, K drops by 91%). (2) A similar effect (although not so
drastic) holds for q (from Rsv ¼ 0 to Rsv ¼ 1=20, q drops by 34%). (3) Price
precision doubles as Rsv increases from 0 to 1 , and price volatility increases
dramatically at the beginning (by 214% from Rsv ¼ 0 to Rsv ¼ 1=20). (4)
E½UIT

i � is U-shaped with Rsv and changes moderately as Rsv ranges from 0 to
1: it falls by at most 7%. (5) E½UIT

h � falls by 35% from Rsv ¼ 0 to Rsv ¼ 1=20
and by a further 88% until Rsv ¼ 1.

For BC2, the drop in traders’ expected utilities when there is insider
trading is phenomenal (from Rsv ¼ 0 to Rsv ¼ 1=20, E½Ui� drops by a factor
of 105 and is decreasing in Rsv, and E½Uh� drops by a factor of 300; to Rsv ¼ 1
there is a further drop by a factor of 31 in the first case and by 300% in the
second). In BC2, investment has no real cost and so q is much larger; hence
the entrepreneur needs to hedge much more.

Robustness.
• The results hold also for Ru=qh not close to zero (in particular, for
Ru ¼ 0:16 and Ru ¼ 0:25).

• E½UIT
i � > E½UNI

i � when qi ¼ 0:2 or lower, with the rest of parameters as
in BC1 (for qi ¼ 0:1 E½UIT

i � increases with Rsv for all Rsv).
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• In high-noise environments but for otherwise ‘‘reasonable’’ parameter
values (e.g., BC1 with ru ¼ 0:7), we have also that E½UIT

i � increases
with Rsv for all Rsv: (For ru ¼ 0:5, E½UIT

i � is U-shaped with Rsv, and
E½UIT

i � > E½UNI
i � for Rsv high.)

The intuition for these results is as follows. When insider trading is permitted,
the insider trades more aggressively, and speculators and hedgers trade less
aggressively because they face adverse selection. As a direct consequence, the
marginal impact of the entrepreneur’s asset position on the current price will
be higher when IT is permitted, kIT > kNI. For reasonable parameter values,
market depth is reduced by IT. Market depth is equal to the sum of the price
sensitivities of demands, K ¼ bs þ bh þ bi. In the simulations, market depth
is reduced drastically.30

Price precision is increased by insider trading. The informativeness of
current prices increases with the amount of trading motivated by funda-
mentals information (aiÞ and decreases with the amount of noise created by
hedging trades (dÞ.31 If insider trading is permitted, then ai increases because
the entrepreneur is better informed and market depth decreases; conse-
quently, d is reduced by hedgers. Both effects tend to increase price precision.
For reasonable parameter values, current prices will be more volatile with
insider trading. Price volatility is a result of the noise created by hedge
trading and by information about v. Moreover, when insider trading is
permitted, price volatility due to the former factor increases if the market
becomes thinner (and this happens for reasonable parameter values or if qi is
sufficiently close to zero).32

Given the effects of the main market parameters, we can now understand
the effects of insider trading on investment, stock prices and the welfare of
market participants.

• Permitting insider trading tends to reduce the level of real investment,
since it reduces the risk-sharing opportunities provided by the asset
market. This is because it creates an adverse selection problem that
makes speculators and hedgers less willing to share the risk inherent

30 This must always be true for an insider with low aversion to risk. Indeed, when Rsv

increases there are two effects on K: a positive direct effect given k (because the insider
responds more to the price) that is weighted by qi and a negative indirect effect that increases
k. (As another consequence, if insider trading is allowed then the amount of the hedgers’ initial

endowment that is covered decreases; that is, d is decreasing in Rsv.)
31 The equilibrium price is informationally equivalent to aiðs� vÞ � du, and price precision

can be seen to be given by s ¼ ða2i r2v þ Rsvd
2r2uÞ=fr2v a2i r

2
vð1� RsvÞ þ Rsvd

2r2u
� �

g, which is in-

creasing in ai and decreasing in d.
32 Price volatility is given by var½p� ¼ ½r2u=K2� þ Rsvr2v=f qið1� RsvÞr2v þ k

� �2
K2g. We have

that 1=f qið1� RsvÞr2v þ k
� �

Kg ¼ k=ð2kþ qið1� RsvÞr2vÞ, which is increasing in Rsv since
dk=dRsv > 0. Therefore, dvar½p�=dRsv > 0 if the conditions that make K decreasing in Rsv hold.
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in real production. Furthermore, a more informative price decreases
insurance opportunities and contributes to decreased hedging possibi-
lities (Hirshleifer effect). When the insider is risk neutral, investment is
unaffected by insider trading because (as stated before) in that case
investment then does not depend on the hedging effectiveness of the
market.

• The average stock price tends to increase with insider trading. Two
effects explain this result. The insider’s hedge supply is lower since the
level of real investment is lower, and the insider’s speculative demand
is higher since it is increasing in the precision of inside information. A
countervailing effect is that market depth may decrease, tending to
increase the risk premium. The latter effect tends to be dominated for
reasonable parameter values and when Rsv is close to unity.

• If insider trading is permitted, the insider’s speculative gains will be
higher (jSGIT

i j < jSGNI
i jÞ whereas, his insurance and production gains

will be lower (expf�qiðv� c1ÞqIT=2g > expf�qiðv� c1ÞqNI=2gÞ.
Speculative gains increase with the precision of inside information, but
inside information creates an adverse selection problem. As a result,
the entrepreneur’s gains coming from real investment and the level of
real investment go down. The entrepreneur’s expected utility may in-
crease or decrease depending on whether or not the speculative effect
dominates. If the entrepreneur is sufficiently risk averse, his expected
utility will decrease when insider trading is allowed. The opposite re-
sult will hold if he is very close to risk neutral or in high-noise
scenarios.33 In our range of reasonable parameter values, the pro-
duction and insurance losses from insider trading dominate the spec-
ulative gains.

• If inside information is sufficiently precise, the speculator’s expected
utility will be reduced by insider trading EUIT

s < EUNI
s

	 

, because in

this situation the average stock price goes up (and, as a direct result,
the expected return [v� p] goes down) and speculators trade less ag-
gressively. The results also hold for reasonable parameter values.

• Three effects tend to reduce hedger’s expected utility under insider
trading. First, obtaining insurance is more costly when insider trading is
allowed because the market is thinner. Second, the increase in price
volatility also tends to hurt hedgers, especially if they are very risk
averse. Finally, when insider trading reduces risk premia, this also hurts
hedger’s expected utility. All three effects occur for reasonable para-
meter values.

33 In fact, if the entrepreneur is risk neutral, then his expected profits are always larger with

insider trading and are increasing in Rsv (and the expected profits in the NI regime are in turn
larger than in the PD regime).
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The picture that emerges for reasonable parameter values is as follows: In
other words, insider trading reduces market depth and investment while in-
creasing the expected price (reducing the risk premium) and the price pre-
cision, with the result that the expected utility of all traders decreases. Insider
trading is pareto-inferior. The possibility remains that, if qi is very low (or in
high-noise scenarios), the insider improves with insider trading.

6.2. INSIDER TRADING VERSUS PUBLIC DISCLOSURE

Now we compare the equilibrium when insider trading is permitted with the
equilibrium when the entrepreneur publicly announces his private in-
formation before trading takes place (PD). That is, we compare the equi-
libria described in Propositions 1 and 3. As before, we present analytical
results for the case in which we can ensure that there is a unique equili-
brium (Ru=qh small) and then check the robustness of the results with
simulations. The formal statement (Proposition 10) and proof of the ana-
lytical results is in the appendix.

We establish analytically that, if the risk-adjusted informational
advantage Ru=qhð Þ is small, then insider trading, compared with public dis-
closure:

• decreases the insider’s sensitivity to trading signals, the price re-
sponsiveness of speculators and hedgers, the market depth, and price
precision;

• when Rsv is close to 1, increases real investment and decreases price
volatility;

• when Rsv is close to 1 (and/or qi is close to 0), increases the expected
utility of the insider;

• when Rsv is close to 1, increases the expected utility of speculators.

Simulations effected for reasonable parameter values (BC1 and BC2) show
also that insider trading:

• reduces price volatility and the risk premium;
• except for Rsv very close to 1, decreases real investment and the ex-
pected utility of the insider and of speculators;34

• increases (decreases) the expected utility of hedgers if Rsv is high (low).

If inside information becomes public, the informational asymmetry and the
adverse selection problem disappear. This makes outsiders (speculators and
hedgers) more responsive to price. As a direct consequence, the residual
supply faced by the insider is less sensitive to his demand ðkIT > kPDÞ, and

34 In high-noise scenarios, Rsv need not be so close to unity for qIT > qPD (for example, this
holds for BC1 with ru ¼ 0:7 when Rsv � 14=20).
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hence the insider also trades more aggressively. The result is that market
depth is greater with public disclosure (KIT < KPD).

The asset price is more informative if the inside information is made
public, since more traders are reacting more to information about v. Price
precision increases a lot because with PD the competitive agents observe s:
There are two sources of volatility: information and hedging u. With PD, the
price is more informative but also the market is deeper. In the simulations we
find that the informational effect always dominates and price volatility
decreases in the IT regime.

The intuition for the impact on investment and welfare is as follows.

• The effect on real investment of disclosing the inside information de-
pends on the trade-off between the following effects. If inside
information is made public there are more risk-sharing opportunities
because the adverse selection problem faced by outsiders is eliminated
(and they are more willing to share the risk due to real investment).
However, more information with PD destroys insurance opportunities
(Hirshleifer effect). Here the Hirshleifer effect works in favor of IT
because with IT less information is revealed. The adverse selection
effect dominates unless the information of the insider is very precise
and so real investment is reduced by insider trading, qIT < qPD. This
tends to reduce the risk premium in the IT regime. Note that, when Rsv

¼ 1, the market collapses with PD and qPD equals the investment level
with no trade, qPD ¼ q0 � ðv� c1Þ=ðc2 þ qir

2
vÞ < qIT. We then have

that qIT > qPD, and the same result holds for Rsv very close to unity:
When the information of the insider is precise, making it public
basically destroys the hedging possibilities in the financial market;
keeping it private allows speculation by the insider and retains some
risk sharing. Finally, as before, if the insider is risk neutral then in-
vestment is unaffected by insider trading.

• The speculative gains of the entrepreneur are higher with IT, and his
overall utility is higher EUIT

i > EUPD
i if the insider’s informational

advantage Rsv is sufficiently large. This holds a fortiori when IT in-
creases q (Rsv very close to 1). However, typically the decrease in q in
the IT regime is large and EUIT

i < EUPD
i :

• If Rsv is very close to unity (and/or qi is small), the insurance gains
for speculators in the IT and PD cases are close, though the speculative
gains are higher in the IT case. The result is that, for those parameter
configurations EUIT

s > EUPD
s . However, for reasonable parameter

configurations, insider trading reduces q with the result that EUIT
s <

EUPD
s :

• The net effect of insider trading on hedgers is ambiguous. Insider trading
creates adverse selection and also reduces market depth and
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(typically) risk premia, worsening the position of hedgers; at the same
time, it (typically) reduces price volatility also, tending to improve their
position. IfRsv is high, then q

ITand qPD are close together (and qIT > qPD

forRsv very close to 1Þ, the price volatility effect dominates, and hedgers
are better off with insider trading.WhenRsv is low, q

IT tends to be much
smaller than qPD and the price volatility effect is dominated.35

To summarize, the general picture is the following. Unless the insider has a
very large risk-adjusted informational advantage Rsv=qið Þ, insider trading
reduces market depth, price volatility, and risk premia as well as real
production and the expected utility of the insider and the speculators. The
effect on hedgers is ambiguous and depends on the precision of the in-
sider’s information. Thus for a low Rsv insider trading is Pareto-inferior,
for a very high Rsv it is Pareto-superior and for intermediate levels it is
only hedgers who benefit from insider trading.

7. Hedgers, Noise Traders, and Market Depth

Many market microstructure models assume the existence of noise traders,
agents that trade randomly for unspecified reasons, which are typically taken
to be liquidity shocks. Their utility is evaluated in terms of expected ‘‘trading
costs’’, that is, the average losses that they bear. In the usual CARA-Normal
models, the expected losses of noise traders (trading u in the aggregate) are
ð1=KÞr2u, where K is market depth.

Are there circumstances in which rational expected-utility maximizing
agents give rise to demands for assets of the ‘‘noise trader’’ form? Are
expected losses an appropriate measure of their welfare? Is depth a good
proxy for welfare?

Our model has a response to these questions.36 The aggregate demand of
hedgers is XhðpÞ ¼ bhðv� pÞ � chq� du. A hedger speculates on his endow-
ment information, takes the counterpart of the shares sold by the entrepreneur,
and hedges his endowment shock. If we fix the hedger’s risk aversion to a finite
value qh < 1ð Þ and let their risk-adjusted informational advantageRu=qh tend
to zero, then according to Proposition 3 their equilibrium demand tends to
XhðpÞ ¼ bhðv� pÞ � chq� u if rvz ¼ r2v , with bh � 0 and ch < 0:Hedgers have
no informational advantage when there is no correlation between each

35 It is also interesting to examine what happens to the expected utility of hedgers condi-
tional on their endowment. For Rsv low, more than 50% of hedgers prefer the equilibrium in
the PD regime (those with a shock less than some small u > 0). For Rsv high, more than 50% of

hedgers prefer the equilibrium in the IT regime. Only those hedgers with a shock close to zero
prefer the PD equilibrium. This is true even though sometimes the (ex ante) expected utility of
hedgers diverges to �1 (e.g., in BC1 or BC2 with qh ¼ 6).

36 See Sarkar (1994) for results in related models.
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individual endowment shock uj and the average u (Ru ! 0). In the aggregate,
they supply u and take a speculative position like the speculators. Furthermore,
as Rsv=qi ! 0 we have ch ! 0 because (a) as Rsv=qi ! 0 the insider’s respon-
siveness to his information ai tends to zero and (b) a hedger needs not condition
on q when trying to read the information about s in the price. Finally, if
qh ! 1, then bh ¼ ch ¼ 0 and hedgers simply eliminate of all the risk asso-
ciated with their endowment and supply u in the aggregate.37

In summary, the order flowwill contain an exogenous supply u (independent
of any deep parameter of the model) whenever z is perfectly correlated with v
and when the risk-adjusted informational advantage of a hedger is vanishingly
small (Ru=qh ! 0). This happens if hedgers are infinitely risk averse (qh ! 1)
or if there is no correlation between each individual endowment shock uj and
the average u (Ru ! 0). When hedgers are infinitely risk averse, qh ! 1, then
we have exactly that Xh ¼ �u as in the noise-trader models.

The proper modeling of liquidity traders has important implications for
welfare analysis. Indeed, in a noise-trader model the welfare of so-called li-
quidity traders is measured by their expected losses, which are proportional to
the inverse of market depth K. However, we have seen that in many circum-
stances the expected utility of hedgers andmarket depth do not move together:

• Withpublic disclosurewe have seenhow increasing public information is
typically Pareto-inferior and hence the ‘‘welfare’’ criterion ofminimizing
noise-trader losses is typically misleading. Indeed, as Rsv increases,
market depthK increases at the same time that the expected utility of all
traders goes down. This is because, for hedgers, the increase inK is more
than compensated by an increase in the variance of prices and a decrease
in the risk premium. This cannot happen in a noise-trader model.

• When comparing insider trading with the public disclosure regime we
have that, for Rsv high, the expected utility of hedgers increases with
insider trading despite the fact that market depth decreases— contra-
dicting the implicit welfare criterion of noise-trader models. Even when
qh is high and the demands of traders approach those of the noise-trader
model, the welfare analysis derived from that model and based on
looking only at market depth is incorrect. Indeed, what matters is
expected utility; then, risk premia and price volatility are important.

37 Hedger j’s initial wealth may be written as Whj ¼ ujz ¼ ðrvz=r2vÞujvþ rz
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� r2vz

p
ujn.

Hedger j has an initial endowment uj of an asset with future (random) value z; equivalently, we

may suppose that he has a portfolio consisting of ðrvz=r2vÞuj shares of stock with liquidation
value v together with rz

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� r2vz

p
uj shares of some stock with future value n (where n is

independent of v). In order to minimize risks, it is clear that hedger j’s optimal strategy consists

of selling his shares ðrvz=r2vÞuj (since n is independent of v and there is no tradable security
correlated with n).
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8. Conclusions

Our model can shed light on several public policy issues in relation to insider
trading: (1) an abstain-or-disclose rule; (2) a laissez-faire policy; (3) the
rationale for the EU directive considering only ‘‘precise’’ information; (4)
new regulations concerning the early selective release of material informa-
tion.

(1) The consequences of an abstain-or-disclose rule are as follows.

• If the entrepreneur/insider learns his private signal s for free in the
course of his activity, then he will choose to disclose. The relevant
welfare comparison is between a PD regime and insider trading (IT).
The welfare consequences of IT depend then on the information pre-
cision of the insider. If the information is imprecise, then the adverse
selection effect dominates, real investment q decreases, and IT will tend
to be Pareto-inferior; if it is very precise then the Hirshleifer effect
dominates, q increases, and IT will tend to be Pareto-superior. In an
intermediate range, only hedgers benefit from insider trading (because it
reduces price volatility).

• If the entrepreneur/insider can learn s only at some cost, then the
entrepreneur will never spend any effort to learn s. This means that the
relevant welfare comparison is between a regime in which the entre-
preneur has no private information (NI) and insider trading (IT). Then
q decreases with IT, which tends to be bad for everyone— except for the
insider when he is very close to risk neutrality (see Table II).38

In the welfare analysis we may also take into account positive external effects
of investment (i.e., on other agents in the economy). If we take this per-
spective and give little weight to the utility of the insider, then we should
conclude that an abstain-or-disclose rule is optimal when information is
costly to acquire. Indeed, then the relevant benchmark for comparison is the
NI regime, and insider trading always decreases investment and decreases the
utility of all participants (except for the insider when he has a large risk-
weighted informational advantage). This conclusion is reinforced by the fact

38 When the insider is risk neutral, investment is unaffected by insider trading but the
welfare effects are as stated in Table II. Insider trading increases the entrepreneur’s expected

utility (in the PD and NI regimes, the insider has no informational advantage an so his
speculative gains are lower than in the IT regime). If we compare the IT regime with the PD
regime, then insider trading increases the expected utilities of speculators and hedgers because
public disclosure reduces insurance opportunities (hedgers trade less and, as a result, both

speculators and the insider are worse off with public information). If we compare the IT
regime with the NI regime, then insider trading decreases the expected utilities of speculators
and hedgers. Obtaining insurance is more costly when insider trading is allowed; as a result,

hedgers trade less. Speculators also trade less (because insider trading creates an adverse
selection problem and hedging demand is lower).
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that insider trading induces an increase in welfare only under extreme
parameter values. However, if information is obtained by the entrepreneur at
no cost, then an abstain-or-disclose rule may not be such a good idea, be-
cause if the insider information is of high quality then insider trading helps
hedgers. Even worse, when the risk-adjusted informational advantage of the
insider is very high, an abstain-or-disclose rule will hurt everyone. This si-
tuation is more likely to arise (that is, it arises for a larger range of the
precision of insider information) in high noise scenarios (i.e., with high
volatility of the endowments of hedgers).

(2) The consequences of laissez-faire may be described as follows.

In the absence of regulation, one would expect insider trading to arise only
in those circumstances where it is favorable to the insider. Otherwise, cor-
porate charters should take care of the problem. When insider trading hurts
the entrepreneur/coalition of insiders, corporate charters should impose and
enforce an abstain-or-disclose rule because it is in the interest of the initial
owners of the firm.39 This means that we will have an optimal outcome
whenever private and social incentives about the desirability of insider
trading are aligned. This happens when insider trading is either Pareto-su-
perior or Pareto-inferior. However, when information is obtained by the
entrepreneur at no cost and is of intermediate quality, then a laissez-faire
policy will hurt hedgers (in relation to an abstain-or-disclose rule). A coun-
tervailing effect will be that investment will increase with public disclosure, in

Table II. Effects of insider trading

Information of insider Free PD benchmark Costly NI benchmark

Very precise

(and/or close to

risk neutral)

q "
Pareto-superior

q #
EUi "
EUs;EUh #

Precise q #
EUi #; EUs # q #
EUh " Pareto-inferior

q #
Imprecise Pareto-inferior

The table displays the impact of insider trading on the level of investment q and the

expected utilities of the insider EUi, speculators EUs, and hedgers EUh, depending on
the information precision of the insider (in the left column) and the benchmark for
comparison (in the top row). With free information acquisition the benchmark is public

disclosure, and with costly information acquisition the benchmark is no information.

39 Laissez-faire outcomes can be approximated also with a default rule prohibiting insider
trading only if the corporate charter has not stated a policy in this regard (see Bainbridge, 1999).
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which case the net welfare result is likely to be ambiguous.40 Therefore with
costless information acquisition, a laissez-faire policy seems appropriate (the
ambiguity in the welfare assessment for moderately precise information
seems to call for prudence and no intervention).

The difference between a laissez-faire policy and a mandated abstain-
or-disclose rule is in the type of errors they induce. The advantage of
laissez-faire is that it avoids prohibiting insider trading when it turns out to
be Pareto-superior (and this tends to happen more in highly volatile
industries). The cost is that situations will arise where it pays for the firm to
allow insider trading even though outsiders are hurt thereby.41 Both laissez-
faire and a mandated abstain-or-disclose rule will have the same effects when
insider trading hurts the insider but benefits hedgers.

The preceding analysis suggests the following rule of thumb: With costly
information acquisition a mandated abstain-or-disclose rule is appropriate;
with free information acquisition, laissez-faire is better. Taking into account
that costly information acquisition should be more easily verifiable and
detectable, the rule of thumb can be put into practice in the following way:

Enforce an abstain-or-disclose rule with a high standard of proof for
inside information. In essence, this would mean that insiders need only worry
about information that is costly to acquire.

(3) Is there a basis for prohibiting insider trading only with precise
information (as in the EU Directive)?

It does not seem so. Indeed, the only case where insider trading is
potentially Pareto-superior is with precise information; whenever it is
imprecise, insider trading is Pareto-inferior.

(4) Does selective early disclosure of material information diminish wel-
fare?

The typical situation involving early selective disclosure of information (to
large fund investors, for example) does not involve a cost of information acqui-
sition for the insider. The rule of thumbwould thus advocate a laissez-faire policy.

A. Appendix

A.1. EU Directive on Insider Dealing (2003, Excerpts)

Article 1 states that ‘‘‘Inside information’ shall mean information of a precise
nature which has not been made public, relating, directly or indirectly, to one
or more issuers of financial instruments or to one or more financial instru-

40 If the precision of the signal of the insider is very high (and/or his risk aversion very low)
and if information is obtained by the entrepreneur at a cost, then with a laissez-faire policy

there will be insider trading (because the insider will choose to become informed, provided the
cost of information is not too large) but hedgers and speculators will be hurt.

41 Khanna et al. (1994), in a model with two informed agents (an insider and an outsider),
find that private and social incentives with respect to insider trading may differ.
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ments and which, if it were made public, would be likely to have a significant
effect on the prices of those financial instruments or on the price of related
derivative financial instruments.’’

Article 2.1. ‘‘Member states shall prohibit any person referred to in the
second subparagraph who possesses inside information from using that
information by acquiring or disposing of, or by trying to acquire or dispose
of, for his own account or for the account of a third party, either directly or
indirectly, financial instruments to which that information relates. The first
subparagraph shall apply to any person who possesses that information:
(a) by virtue of his membership of the administrative, management or
supervisory bodies of the issuer; or (b) by virtue of his holding in the capital
of the issuer; or (c) by virtue of his having access to the information through
the exercise of his employment, profession or duties; or (d) by virtue of his
criminal activities.’’ The European procedure can be explained in part by a
larger reliance on criminal prosecution (Maug, 2002).

In Article 6, paragraph 1: ‘‘Member states shall ensure that issuers of
financial instruments inform the public as soon as possible of inside
information which directly concerns the said issuers’’ (under paragraph 2,
some delay in information release may be allowed in some circumstances).
Furthermore, in paragraph 4 of Article 6 it is stated that: ‘‘Persons dis-
charging managerial responsibilities within an issuer of financial instruments
and, where applicable, persons closely associated with them, shall, at least,
notify to the competent authority the existence of transactions conducted on
their own account relating to shares of the said issuer, or to derivatives or
other financial instruments linked to them. Member states shall ensure that
public access to information concerning such transactions, on at least an
individual basis, is readily available as soon as possible.’’

A.2. Proofs of Propositions in Section 4

Proof of Proposition 1 (sketch). Since we restrict attention to linear equili-
bria and since the level of investment q is public information, agents’ strategies
may be written as Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciqþ ui, Xhjðp; ujÞ ¼
bhðv� pÞ � chq� duj þ uh, and XskðpÞ ¼ bsðv� pÞ � csqþ us. From the
market-clearing condition,XsðpÞ þ Xhðp; uÞ þ Xiðp; sÞ þ q ¼ q (whereXsðpÞ ¼R 1
0 XskðpÞdk and Xhðp; uÞ ¼

R 2
1 Xhjðp; ujÞdj), the equilibrium price is given by

p ¼ v� Cqþ aiðs� vÞ � du
K

þ !;

where C ¼ ci þ cs þ chð Þ= bi þ bs þ bhð Þ, K ¼ bi þ bs þ bh, and ! ¼
ui þ us þ uhð Þ= bi þ bs þ bhð Þ. We now compute the optimal strategies given
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this price function. Since price p is informationally equivalent to
faiðs� vÞ � dug ¼ K½p� vþ Cq� !�, we have that

E½vjp� ¼ vþ Kðair2vÞ
d2r2u þ ða2i =RsvÞr2v

½p� vþ Cq� !�;

var½vjp� ¼ r2v
d2r2u þ ðR�1

sv � 1Þa2i r2v
d2r2u þ R�1

sv a
2
i r

2
v

;

E½vjp; uj� ¼ vþ 1

k

� �
ai

r2u
Ru

� �
r2v ½aiðs� vÞ � du� þ dair

2
ur

2
vuj


 �
;

var½vjp; uj� ¼ r2v
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
ð1� RuÞd2r2u þ R�1

sv a
2
i r

2
v

;

where k ¼ r2u
Ru

a2i
r2v
Rsv

þ d2r2uð1� RuÞ
� �

:

Substituting these expressions in speculator k’s optimal demand, XskðpÞ ¼
E½v� pjp�=ðqsvar½v� pjp�Þ, hedger j’s optimal demand, Xhjðp; ujÞ ¼
ðE½v� pjp; uj� � qhujcov½z; v� pjp; uj�Þ=ðqhvar½v� pjp; uj�Þ, and the insider’s
optimal strategy, Xiðs; pÞ ¼ ðE½vjs� � p� qiqvar½vjs�Þ=ðqivar½vjs� þ kÞ (where
E½vjs� ¼ vþ Rsvðs� vÞ and var½vjs� ¼ ð1� RsvÞr2v), and then comparing with
the linear strategy initially posited, we obtain (after making some simplifi-
cations)

ai ¼
Rsv

qið1� RsvÞr2v þ k
;

bi ¼
1

qið1� RsvÞr2v þ k
;

ci ¼
qið1� RsvÞr2v

qið1� RsvÞr2v þ k
; ui ¼ 0;

bs ¼
1

qsr2v

d2r2u � ðai=kÞr2v
d2r2u þ ðR�1

sv � 1Þa2i r2v
;

cs ¼
�1

qs

ðcs þ ch þ ciÞai
d2r2u þ ðR�1

sv � 1Þa2i r2v
;
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us ¼ �
Kai d

2r2u þ R�1
sv a

2
i r

2
v

� �
qs d2r2u þ ðR�1

sv � 1Þa2i r2v
� �

½d2r2u þ ða2i =RsvÞr2v �
!;

bh ¼
1

qhr2v

ð1� RuÞd2r2u � ðai=kÞr2v
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

ch ¼
�1

qh

ðcs þ ch þ ciÞai
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

uh ¼ �
Kai d

2r2u þ R�1
sv a

2
i r

2
v

� �
qh d2r2u þ ðR�1

sv � 1Þa2i r2v
� �

½d2r2u þ ða2i =RsvÞr2v �
!;

d ¼ rvz
r2v

� �
1þ ai

qh

� �
Ru

ð1� RuÞd2r2u þ ðR�1
sv � 1Þa2i r2v

( )�1

:

The relation between the insider’s asset position and the price is given by
p ¼ vþ usþuh

bsþbh
þ k½xi � du� ðcs þ chÞq�, so that k ¼ dp=dxi ¼ 1=ðbs þ bhÞ.

Moreover, from the equations ui ¼ 0,

us¼�Kai d
2r2uþR�1

sv a
2
i r

2
v

� �
=ðqs d2r2uþðR�1

sv �1Þa2i r2v
� �

½d2r2uþða2i =RsvÞr2v �Þ!;

uh¼�
Kai d

2r2uþR�1
sv a

2
i r

2
v

� �
qh d2r2uþðR�1

sv �1Þa2i r2v
� �

½d2r2uþða2i =RsvÞr2v �
! and

!¼uiþusþuh

biþbsþbh
;

we directly have that, in any linear equilibrium,

ui ¼ us ¼ uh ¼ ! ¼ 0:

Finally, the equations

cs ¼
�1

qs

ðcs þ ch þ ciÞai
d2r2u þ ðR�1

sv � 1Þa2i r2v
;

ch ¼
�1

qh

ðcs þ ch þ ciÞai
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

may also be written (after simple manipulations) as

cs ¼
� ai

1þaiEð Þ ci

qs d2r2u þ ðR�1
sv � 1Þa2i r2v

� � ;
ch ¼

� ai
1þaiEð Þ ci

qh ð1� RuÞd2r2u þ ðR�1
sv � 1Þa2i r2v

� � ;
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with

E ¼ 1

qs
d2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

þ 1

qh
ð1� RuÞd2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

for ai ¼
Rsv

qið1� RsvÞr2v þ k
: (

LEMMA 6. In equilibrium, for Rsv > 0, the endogenous parameters satisfy
the following inequalities:

k > r2v
qsqh

qs þ qh

� �
;

0 < d <
rvz
r2v

;

0 � cs þ ch þ ci � ci < 1:

Moreover, 0 � cs þ chj j � ci < 1, cs � 0, ch � 0, K > 0, C � 0, ai > 0, bi > 0,
bs > 0, and bh > 0. The equalities hold if and only if Rsv ¼ 1: If Rsv ¼ 0; then
k ¼ r2vðqsqhÞ=ðqs þ qhÞ; d ¼ rvz=r2v ; ai ¼ cs ¼ ch ¼ 0; 0 < ci < 1, CK < 1;
K > 0 , C > 0, bi > 0, bs > 0, and bh > 0.

Proof. First, let us show that rvz=r2v � d � 0. The second-order condition
of the insider’s optimization problem implies that (in any equilibrium) k > 0.
Now, for any given k > 0, equation (5) is a cubic equation in d, so it has at
least a real solution. It is easy to check that this equation,

RuRsv

qið1� RsvÞr2v þ k
d ¼ qh

rvz
r2v

� �
� d

� �
� ð1� RuÞd2r2u þ

ð1� RsvÞRsvr2v
½qið1� RsvÞr2v þ k�2

( )
;

has no negative solution in d for any k > 0. Suppose there is an equilibrium
and that bk is the equilibrium value of k. For any d < 0 the left-hand side,
RuRsv=ðqið1� RsvÞr2v þ bkÞd, is negative while the right-hand side,
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qh
rvz
r2v

� �
� d

� �
ð1� RuÞd2r2u þ

ð1� RsvÞRsvr2v
½qið1� RsvÞr2v þ bk�2

( )
;

is positive, so this equation has no negative solution and hence the equilib-
rium value of d cannot be negative. On the other hand, for any d � rvz=r2v the
left-hand side is positive while the right-hand side is negative, so that the
equilibrium value of d cannot be greater than rvz=r2v . Thus, for any candidate
equilibrium (for which we know k > 0), the solutions of Equation (5) must be
in the interval ð0;rvz=r2v �.

In fact, it is easy to show that d ¼ rvz=r2v for Rsv ¼ 0 and that d < rvz=r2v
for any Rsv 6¼ 0. On the other hand, note that Equation (5) may be written as

d ¼ rvz
r2v

� �
1þ Ruai

qh ð1� RuÞd2r2u þ R�1
sv � 1

	 

a2i r

2
v

� �( )�1

;

so d cannot be equal to zero because Ruai=ðqh ð1� RuÞd2r2uþ
�

R�1
sv � 1

	 

a2i r

2
v �Þ � 0. Consequently, we have that d ¼ rvz=r2v for Rsv ¼ 0 and

that

0 < d <
rvz
r2v

for every Rsv 6¼ 0:
Now let us show that, in equilibrium, k � r2vðqsqhÞ=ðqs þ qhÞ. Taking into

account that ai depends only on k and some exogenous parameters, Equation
(6) may be seen as an equation in ðd; kÞ; for any given d 2 ½0; rvz=r2v �, it may
be written as a (fifth-degree) polynomial equation in k. Moreover, it is easy to
check that any positive solution is such that k � r2vðqsqhÞ=ðqs þ qhÞ. Equa-
tion (6) may be written as

1

k
1þ Kf g ¼ 1

qsr2v

d2r2u
d2r2u þ a2i ðR�1

sv � 1Þr2v

þ 1

qhr2v

ð1� RuÞd2r2u
ð1� RuÞd2r2u þ a2i ðR�1

sv � 1Þr2v
;

where

K ¼ ai
qs½d2r2u þ a2i ðR�1

sv � 1Þr2v �
þ ai
qh½ð1� RuÞd2r2u þ a2i ðR�1

sv � 1Þr2v �
� 0:
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Since both

d2r2u
d2r2u þ a2i ðR�1

sv � 1Þr2v
;

ð1� RuÞd2r2u
ð1� RuÞd2r2u þ a2i ðR�1

sv � 1Þr2v

are less than or equal to 1, it is obvious that (in any equilibrium)

1

k
1þ Kf g � 1

qsr2v
þ 1

qhr2v
:

And, since

K ¼ ai
qs½d2r2u þ a2i ðR�1

sv � 1Þr2v �
þ ai
qh½ð1� RuÞd2r2u þ a2i ðR�1

sv � 1Þr2v �
� 0;

we have that

1

k
� 1

k
1þ Kf g � 1

qsr2v
þ 1

qhr2v
:

If Rsv ¼ 0; then ai ¼ 0, K ¼ 0; and

k ¼ 1

qsr2v
þ 1

qhr2v

� ��1

:

Otherwise, for any Rsv 6¼ 0 we have ai > 0, K > 0; and

k >
1

qsr2v
þ 1

qhr2v

� ��1

¼ r2v
qsqh

qs þ qh

� �
:

The other inequalities are obvious from the characterization of the equilib-
rium. For instance, in any equilibrium k > 0 it is clear that

ci ¼
qið1� RsvÞr2v

qið1� RsvÞr2v þ k

is greater than zero and strictly less than unity, 0 � ci < 1 (where ci ¼ 0 if and
only if Rsv ¼ 1). Moreover, since ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ � 0 and ci � 0,
it follows that both are (equal to or) less than zero:
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cs ¼
�ai

qs d2r2u þ ðR�1
sv � 1Þa2i r2v

� �
1þ aiEð Þ

ci � 0;

ch ¼
�ai

qh ð1� RuÞd2r2u þ ðR�1
sv � 1Þa2i r2v

� �
1þ aiEð Þ

ci � 0:

On the other hand,

ci þ cs þ ch ¼
ci

1þ aiEð Þ � 0;

where

E¼ 1

qs
d2r2uþðR�1

sv �1Þa2i r2v
� ��1þ 1

qh
ð1�RuÞd2r2uþðR�1

sv �1Þa2i r2v
� ��1�0:

It is then clear that

0 � cs þ ch þ ci � ci < 1:

In fact, if Rsv ¼ 0 then cs ¼ ch ¼ 0 and 0 < ci < 1. If Rsv ¼ 1; then
cs ¼ ch ¼ ci ¼ 0. Furthermore, for any Rsv 2 ð0; 1Þ,

0 < cs þ ch þ ci < ci < 1:

On the other hand,

0 � CK ¼ ðcs þ ch þ ciÞ < 1

and, since 0 � ci < 1 and 0 � cs þ ch þ ci � ci < 1;

0 � cs þ chj j � ci < 1:

The inequalities K > 0, C � 0, ai � 0, bi > 0, bs > 0, and bh > 0 follow
directly from the characterization of equilibria in Proposition 1 and the
foregoing results. (

Proof of Proposition 2. Let us check first that, if Ru=qh and/or Rsv=qi tend
to zero, then the equilibrium parameter d tends to rvz=r2v . Equation (5) may
be written as
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Ru

qh

Rsv

qið1�RsvÞr2v þ k
d ¼ rvz

r2v
� d

� �
ð1�RuÞd2r2u þ

ð1�RsvÞRsvr2v
½qið1�RsvÞr2v þ k�2

( )

or as

Ru

qh
aid ¼ rvz

r2v
� d

� �
ð1� RuÞd2r2u þ

ð1� RsvÞRsvr2v
½qið1� RsvÞr2v þ k�2

( )
;

since ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ. If Ru=qh is low, then it is obvious that
d will be close to rvz=r2v (since ð1� RuÞd2r2u þ ð1� RsvÞRsvr2v=
½qið1� RsvÞr2v þ k�2 > 0). On the other hand, if Rsv=qi is low, then
ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ will be close to zero (this is clear if Rsv is close to

zero and also if qi is sufficiently large, since k � r2v
qsqh
qsþqh

� �
> 0) and, as a

direct consequence, d will also be close to rvz=r2v . Therefore, if Ru=qh and/or
Rsv=qi tends to zero, the equilibrium parameter d tends to rvz=r2v .

There is equilibrium if and only if there is a solution to Equations (5) and
(6) satisfying the second-order condition k > 0 . Moreover, from Lemma 6 we
know that (in any equilibrium) k � r2vðqsqhÞ=ðqs þ qhÞ; and rvz=r2v � d � 0:

Equation (5) may be written as g1 d; kð Þ ¼ g2 d; kð Þ, where g1 d; kð Þ ¼ RuRsv=
ðqh½qið1� RsvÞr2v þ k�Þd and

g2 d; kð Þ ¼ rvz
r2v

� d

� �
ð1� RuÞd2r2u þ

ð1� RsvÞRsvr2v
½qið1� RsvÞr2v þ k�2

( )
:

For any k > 0 , it is obvious that there exists a solution d of the equation
g1 d; kð Þ ¼ g2 d; kð Þ, since g1 d; kð Þ is strictly increasing in d, g1 0; kð Þ ¼ 0,

g2ðd; kÞ is continuous, g2 0; kð Þ > 0, g2
rvz
r2v
; k

� �
¼ 0. Is it possible to have more

than one solution d in the interval 0;rvz=r2v
� �

? If @g2 d; kð Þ=@d < 0 for all
d 2 0;rvz=r2v

� �
, we know that there is only one solution d to

g1 d; kð Þ ¼ g2 d; kð Þ for each k > 0. The foregoing partial derivative is given by

@g2 d; kð Þ
@d

¼ � ð1� RsvÞRsvr2v
½qið1� RsvÞr2v þ k�2

� 3d� 2
rvz
r2v

� �
ð1� RuÞr2ud:

From this expression, if d > ð2=3Þðrvz=r2vÞ then 3d� 2ðrvz=r2vÞ > 0 and, as a
direct consequence,@g2 d; kð Þ=@d < 0.But if d < 2=3ðrvz=r2vÞ, then@g2 d; kð Þ=@d
may be greater than zero (in fact, it is easy to have parameter values such that
@g2 d; kð Þ=@d > 0). Therefore, in general we cannot guarantee uniqueness of

248 LUIS ANGEL MEDRANO AND XAVIER VIVES



the solution of the equation g1 d; kð Þ ¼ g2 d; kð Þ for any k > 0 and, as a result, we
cannot establish existence of a well-defined implicit function dðkÞ for every
k > 0.

However, if Ru=qh and/or Rsv=qi is close to zero, then the candidate d is
close to rvz=r2v and @g2 d; kð Þ=@d will be less than zero in any solution.
Therefore, if Ru=qh and/or Rsv=qi is close to zero, we can guarantee
uniqueness of the solution and, consequently, we can establish existence of a
well-defined implicit function dðkÞ for every k > 0. Substituting dðkÞ in
Equation (6) yields a single equation in k:

kd2ðkÞr2u 1þ 1

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( )

þ kd2ðkÞr2u
ð1� RuÞ

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

¼ r2v 1þ ai
qs½d2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

(

þ 1� Ruð Þai
qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

)
;

where ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ. This equation may be written as
h1 kð Þ ¼ h2 kð Þ, where

h1 kð Þ ¼ kd2ðkÞr2u 1þ 1

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

(

þ 1� Ru

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

)
;

h2 kð Þ ¼ r2v 1þ ai
qs½d2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

(

þ 1� Ruð Þai
qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

)
;

here ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ and dðkÞ is close to rvz=r2v .
Each positive solution of this equation will characterize an equilibrium.

Let us prove that this equation has positive solutions provided Ru=qh and/or
Rsv=qi is close to zero.
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If k ¼ 0, then h1 kð Þ ¼ 0 and h2 kð Þ ¼ r2v > 0. If k ! þ1, then ai ! 0,
h2 kð Þ ! r2v , and h1 kð Þ ! þ1. Moreover, the functions h1 kð Þ and h2 kð Þ are
both continuous for k > 0. As a result, we can guarantee that the equation
h1 kð Þ ¼ h2 kð Þ has a positive solution. Equilibria will be characterized by
(a) the positive solutions bk of the equation h1 kð Þ ¼ h2 kð Þ and (b) the values ofbd given by the implicit function dðkÞ, bd ¼ dðbkÞ.

We have proved existence of equilibrium for Ru=qh and/or Rsv=qi suffi-
ciently close to zero. Now we shall prove uniqueness. There will be a unique
equilibrium if dh1 kð Þ=dk > dh2 kð Þ=dk in any positive solution k of the
equation h1 kð Þ ¼ h2 kð Þ
where

h1 kð Þ ¼ kd2ðkÞr2u 1þ 1

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( )

þ kd2ðkÞr2u
ð1� RuÞ

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

;

h2 kð Þ ¼ r2v 1þ ai
qs½d2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

(

þ 1� Ruð Þai
qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1

sv � 1Þr2v �

)
;

where ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ and dðkÞ is implicitly defined by the un-
ique positive solution of

RuRsv

qh½qið1�RsvÞr2v þ k�d¼
rvz
r2v

� d

� �
ð1�RuÞd2r2uþ

ð1�RsvÞRsvr2v
½qið1�RsvÞr2v þ k�2

( )
:

(Remember that function dðkÞ is defined only for positive values of k and is
well-defined provided that Ru=qh and/or Rsv=qi is sufficiently close to zero).

We have to check whether dh1 kð Þ=dk is greater or less than dh2 kð Þ=dk (for
any possible positive solution of the equation h1 kð Þ ¼ h2 kð Þ).

It is obvious that dai=dk < 0 (since ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞÞ, and it
can be easily proved that dd kð Þ=dk > 0 and also (provided ðRu=qhÞðRsv=qiÞ is
sufficiently close to zero) that dd kð Þ=dk is close to zero. The equation that
(implicitly) defines dðkÞ can be written as

Gðd; kÞ ¼ Ru

qh
aid�

rvz
r2v

� d

� �
ð1� RuÞd2r2u þ

ð1� RsvÞa2i r2v
Rsv


 �
¼ 0
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with ai ¼ Rsv=ðqið1� RsvÞr2v þ kÞ. It is then clear that @G=@d > 0 (for,
provided Ru=qh and/or Rsv=qi is close to zero, rvz=r2v � d is also close to zero)
and

@G

@k
¼ �RuRsv

qh½qið1� RsvÞr2v þ k�2
dþ rvz

r2v
� d

� �
2ð1� RsvÞRsvr2v

½qið1� RsvÞr2v þ k�2
:

Since (for ðRu=qhÞðRsv=qiÞ sufficiently close to zero) rvz=r2v � d is close to zero,
it follows that the first term of @G=@k dominates the second term and therefore
@G=@k < 0. By applying the implicit function theorem, if ðRu=qhÞðRsv=qiÞ is
close to zero then we have dd kð Þ=dk > 0. Yet we know that, as ðRu=qhÞðRsv=qiÞ
tends to zero, d tends to rvz=r2v (and, by Lemma 6, d is always equal to or less
than rvz=r2v) and also dd kð Þ=dk > 0. If k increases then d increases, but the
increase of d is very small, because it is ‘‘always’’ close to rvz=r2v and cannot
exceed that value for d � rvz=r2v . Therefore, if Ru=qh and/or Rsv=qi is close to
zero, dd kð Þ=dk is positive but very small. Put another way, as Ru=qh and/or
Rsv=qi ! 0, dd kð Þ=dk tends to zero from the right dd kð Þ=dk ! 0þ.

Let us compare dh1 kð Þ=dk with dh2 kð Þ=dk. Since dai=dk < 0 and (as Ru=qh
and/or Rsv=qi tends to zero) dd kð Þ=dk ! 0þ, the terms 1=ðqs½d2ðkÞr2uþ
a2i ðR�1

sv � 1Þr2v �Þ and ð1� RuÞ=ðqh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �Þ are both

increasing in k. Moreover, it can be easily checked that

dh2 kð Þ
dk

¼ r2v
d

dk
ai

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( )

þ r2v
d

dk
1� Ruð Þai

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( )

� d

dk
1

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

(

þ 1� Ru

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

)

� d

dk
kd2ðkÞr2u 1þ 1

qs½d2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( ) !

þ d

dk
kd2ðkÞr2u

1� Ru

qh½ð1� RuÞd2ðkÞr2u þ a2i ðR�1
sv � 1Þr2v �

( ) !

¼ dh1 kð Þ
dk

:
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The first inequality is due to the fact that dai=dk < 0, and the second is
obvious since kd2ðkÞ

� �
is increasing in k (for dd kð Þ=dk � 0).

To summarize: we have proved that, for Ru=qh and/or Rsv=qi sufficiently
close to zero, dh2 kð Þ=dk � dh1 kð Þ=dk and, as a direct consequence, there is a
unique linear equilibrium. (

LEMMA 7. Let x � Nð0;RÞ and W ¼ cþ b0xþ x0Ax, where c 2 R, b 2 Rn,
and A is an n� n matrix. Then, if R�1 þ 2aA is positive definite,

�E½expð�aWÞ� ¼ � Rj j�1=2 R�1 þ 2aA
�� ���1=2

� expf�a½c� ð1=2Þab0 R�1 þ 2aA
	 
�1

b�g:

Proof. See Danthine and Moresi (1993). (

COROLLARY 8. If x � Nðx; r2xÞ and y � Nðy; r2yÞ, then

E½ expfx� y2g� ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 2r2y

q exp xþ r2x
2
� yþ cov½x; y�ð Þ2

1þ 2r2y

( )
:

Proof. See Demange and Laroque (1995). (

A.3. Expected Utilities

A.3.1. EXPECTED UTILITY OF INSIDER IN IT REGIME

Conditional on (s; p), the entrepreneur’s expected utility is

E½� expf�qiWigjs; p� ¼ � exp �qi E½Wijs; p� �
qi
2
var½Wijs; p�

� �n o
;

where E½Wijs; p� ¼ qE½vjs� � CðqÞ þ Xiðs; pÞfE½vjs� � pg and var½Wijs; p� ¼
q2var½vjs� þ var½vjs�fXiðs; pÞg2 þ 2qXiðs; pÞvar½vjs�. Substituting into the
above expression Xiðs; pÞ ¼ ðE½vjs� � p� qiqvar½vjs�Þ=ðqivar½vjs� þ kÞ and
simplifying yields

E½UðWiÞjs; p� ¼ � exp qiCðqÞ þ
1

2
q2i q

2var½vjs�

 �

� exp �qiqE½vjs� �
qi
2

qivar½vjs� þ 2k½ � Xiðs; pÞ½ �2
n o

;
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where the first exponential is nonrandom. To obtain the entrepreneur’s
ex ante (unconditional) expected utility, it suffices to apply Corollary 8 by

taking x ¼ �qiqE½vjs� and y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
qi
2 qivar½vjs� þ 2k½ �

q
Xiðs; pÞ. We know that

EfE½vjs�g ¼ v and var EðvjsÞ½ � ¼ Rsvr2v . We have also that

E½Xiðs; pÞ� ¼
E½v� p�

qivar½vjs� þ k
� ciq ¼ C

qivar½vjs� þ k
� ci

� �
q;

var½Xiðs; pÞ� ¼ Rsv �
ai
K

h i2 r2v
Rsv

þ d2r2u
K2

;

covfE½vjs�;Xiðs; pÞg ¼
Rsv Rsv � ai

K

� �
qið1� RsvÞr2v þ k

r2v
Rsv

:

Since

ai ¼
Rsv

qið1�RsvÞr2v þ k
; ci ¼

qið1�RsvÞr2v
qið1�RsvÞr2v þ k

;

C¼ ci
1þ aiEð ÞK for C¼ csþ chþ ci

K
and ciþ csþ ch ¼

ci
ð1þ aiEÞ

� �
;

K ¼ qið1� RsvÞr2v þ 2k

qið1� RsvÞr2v þ k
� �

k

 
for K ¼ bs þ bh þ bi; bs þ bh ¼ 1=k;

bi ¼
1

qið1� RsvÞr2v þ k

!
;

we may write

E½Xiðs; pÞ� ¼ �ciq 1� 1

1þ aiE
k

qivar½vjs� þ 2k½ �

� �
;

var½Xiðs; pÞ� ¼
Rsvr2v þ k2d2r2u

½qið1� RsvÞr2v þ 2k�2
;

covfE½vjs�;Xiðs; pÞg ¼ Rsvr2v
qið1� RsvÞr2v þ 2k

:
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Thus, by applying Corollary 8, we see that the entrepreneur’s ex ante
(unconditional) expected utility may be written as

E½UðWiÞ� ¼ �jSGij exp �qi qv� C qð Þ � 1

2
qiq

2r2v 1� dÞð Þ
� �
 �

(since ci ¼ qið1� RsvÞr2v=½qið1� RsvÞr2v þ k�), where

jSGij ¼ 1þ qi
Rsvr2v þ k2d2r2u

qið1� RsvÞr2v þ 2k


 ��1=2

; jIGij ¼ exp � 1

2
q2i dr

2
vq

2


 �
and

d ¼ qir
2
v

qir2v þ 2kþ qik
2d2r2u

qivar½vjs� þ 2k½ �
qið1� RsvÞr2v þ k
� �(

� 1� 1

1þ aiEð Þ
k

qivar½vjs� þ 2k½ �

� �
ð1� RsvÞ þ Rsv

�2

with

E ¼ 1

qs
d2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

þ 1

qh
ð1� RuÞd2r2u þ

Rsvð1� RsvÞ
qið1� RsvÞr2v þ k
� �2 r2v

" #�1

:

After some simple manipulations, d may also be written as

d ¼ qir
2
v

qir2v þ 2kþ qik
2d2r2u

1þ k
qið1� RsvÞr2v þ k

aiE
1þ aiE

ð1� RsvÞ

 �2

:

(

A.3.2. EXPECTED UTILITY OF SPECULATORS IN IT REGIME

Speculator k’s expected utility conditional on his information (p) is equal to

E � expf�qsWskgjp½ � ¼ � exp �qs E½Wskjp� �
1

2
qsvar½Wskjp�

� �
 �
;
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where E½Wskjp� ¼ xskðpÞfE½vjp� � pg ¼ E½vjp� � pð Þ2=ðqsvar½vjp�Þ and var
½Wskjp� ¼ var½vjp�fx2skðpÞg ¼ E½vjp� � pð Þ2=ðq2svar½vjp�Þ. Substituting into the
above expression and simplifying yields

E½� expf�qsWskgjp� ¼ � exp � E½vjp� � pð Þ2

2var½vjp�

( )
:

To obtain speculator k’s ex ante (unconditional) expected utility, it suffices to
apply Corollary 8 by taking x ¼ 0 and y ¼ ðE½vjp� � pÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2var½vjp�

p
, so that

E½U Wskð Þ� ¼ � 1þ var E½vjp� � p½ �
var½vjp�


 ��1=2

� exp � 1

2

E½EðvjpÞ � p�ð Þ2

var½vjp� þ var E½vjp� � p½ �

( )
:

Since E p½ � ¼ v� Cq and EðvjpÞ ¼ vþ air2v=ða2i R�1
sv r

2
v þ d2r2uÞ aiðs� vÞ � duf g,

we have that E½EðvjpÞ� ¼ vþ ½air2v=ða2i R�1
sv r

2
v þ d2r2uÞ�dE u½ � ¼ v and E½EðvjpÞ�

p� ¼ Cq, so speculator k’s ex ante (unconditional) expected utility is given by

EUs � E½� expf�qsWsg� ¼ �jSGsj exp �1

2

ðCqÞ2

var½EðvjpÞ � p� þ var½vjp�

( )
;

where

jSGsj ¼ 1þ var½EðvjpÞ � p�
var½vjp�


 ��1=2

;

var½EðvjpÞ � p� ¼
d2r2u þ a2i R

�1
sv r

2
v � aiKr2v

� �2
K2 d2r2u þ a2i R

�1
sv r

2
v

� � ;

var½vjp� ¼ r2v
d2r2u þ a2i ð1� RsvÞR�1

sv r
2
v

d2r2u þ a2i R
�1
sv r

2
v

: (

A.3.3. HEDGER’S EXPECTED UTILITY WITHOUT TRADING

If hedger j is not allow to trade in the security market, his final wealth would
be given by Whj ¼ ujz. Conditional on his private information (uj), hedger j’s
expected utility is equal to

255REGULATING INSIDER TRADING



E½UðWhjÞjuj� ¼ � expf�qhðE½Whjjuj� � qhvar½Whjjuj�=2Þg

where E½Whjjuj� ¼ ujE½z� and var½Whjjuj� ¼ u2j r
2
z :

Substituting into the above expression and simplifying then yields

E½UðWhjÞjuj� ¼ � exp �qh ujz�
qh
2
u2j r

2
z

� �n o
:

Now applying Corollary 8, hedger j’s expected utility is given by

E½UðWhjÞ� ¼ � 1� q2hr
2
z

r2u
Ru

� ��1=2

exp
q2hz

2r2u
2 Ru � q2hr

2
zr

2
u

	 
( )

provided that q2hr
2
zr

2
uj
¼ q2hr

2
zðr2g þ r2uÞ ¼ q2hr

2
zðr2u=RuÞ < 1. Otherwise, the

expected utility diverges to �1. (

A.3.4. HEDGER’S EXPECTED UTILITY CONDITIONAL ON INFORMATION SET

E½UðWhjÞjp;uj�¼�exp �qh
rvz
r2v

� �
puj�

E½vjp;uj��p
� �2
2var½vjp;uj�

þ q2h
2
r2z 1�Rvzð Þu2j

( )
;

where

p ¼ v� Cqþ aiðs� vÞ � du
K

: (

A.3.5. HEDGER’S EXPECTED UTILITY CONDITIONAL ON HIS ENDOWMENT

E½UðWhjÞjuj�¼� 1þ2K1
d2

K2
ð1�RuÞr2u


 ��1=2

�exp �qh
rvz
r2v

� �
vuj þ

q2h
2
r2z 1�Rvzð Þu2j


 �

�exp � a2iK
2r2vr

2
u

2Ru a2i ð1�RsvÞR�1
sv r

2
v þ d2r2uð1�RuÞ

� � Cqþ d
K
Ruuj

� �2( )

�exp
1

2

d2

K2
r2uð1�RuÞK2

2þK2 Cqþ d
K
Ruuj

� �
 �

�exp � K1

1þ2K1
d2

K2 ð1�RuÞr2u
Cqþ d

K
Ruujþ

d2

K2
ð1�RuÞr2uK2

� �2( )
;
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where

K1 ¼
aið ai

Rsv
� KÞr2v þ d2r2uð1� RuÞ

h i2
2r2v a2i ð1� RsvÞR�1

sv r
2
v þ d2r2uð1� RuÞ

� �
ai

ai
Rsv

r2v þ d2r2uð1� RuÞ
h i

and where

K2 ¼ qh
rvz
r2v

uj �
KaiK1r2v

aið ai
Rsv

� KÞr2v þ d2r2uð1� RuÞ
Cqþ d

K
Ruuj

� �

or

K2 ¼ � KaiK1r2v
aið ai

Rsv
� KÞr2v þ d2r2uð1� RuÞ

Cq

þ qh
rvz
r2v

� �
� daiRuK1r2v
aið ai

Rsv
� KÞr2v þ d2r2uð1� RuÞ

" #
uj: (

A.3.6. HEDGER’S EX ANTE EXPECTED UTILITY

We can apply Lemma 7 to compute hedger j’s (ex ante) expected utility by
taking a ¼ �1, c ¼ �ðCqÞ2=var½vjp; uj�, x0 ¼ ðuj; p� E½p�Þ,

R ¼
r2u
Ru

�dr2u
K

�dr2u
K

a2i ðr2v=RsvÞþd2r2u
K2

0@ 1A;

A ¼
q2
h
r2zð1�RvzÞ

2 � aidr2vr
2
uð Þ2

k2var½vjp;uj�
1
2 �qh

rvz
r2v
� 2aidr2vr

2
u

kvar½vjp;uj�

� �
1
2 �qh

rvz
r2v
� 2aidr2vr

2
u

kvar½vjp;uj�

� �
�m2

var½vjp;uj�

0B@
1CA

and

b ¼
�qh

rvz
r2v
ðv� CqÞ � 2Cqaidr2vr

2
u

kvar½vjp;uj�
� 2Aqm

var½vjp;uj�Whjjuj

 !
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where

k ¼ R�1
u r2u½ð1� RuÞd2r2u þ R�1

sv a
2
i r

2
v � and m ¼ air

2
vr

2
uK=ðRukÞ � 1:

If the matrix R�1 þ 2aA is positive definite, then hedger j’s (ex ante)
expected utility will be given by

EUh � �E½expð�qhWhjÞ�

¼ � Rj j�1=2 R�1 þ 2aA
�� ���1=2

expf�a½c� ð1=2Þab0 R�1 þ 2aA
	 
�1

b�g:

Otherwise, hedger j’s expected utility diverges to �1. (

A.3.7. HEDGER’S EX ANTE EXPECTED UTILITY FOR LARGE RISK AVERSION

When qh is large (qh ! þ1), the following approximations hold (since in
this case xhjðp; ujÞ ! � rvz

r2v

� �
uj):

E UðWhjÞjuj
� �

u� exp
q2h
2
u2j r

2
zð1� r2vzÞ


 �

� exp �qh
rvz
r2v

uj E pjuj
� �

� qh
2

rvz
r2v

ujvar pjuj
� �� �
 �

;

where

E pjuj
� �

¼ v� Cq� d
K
E½ujuj� ¼ v� Cq� d

K
Ruuj

and

var pjuj
� �

¼ K�2 a2i
r2v
Rsv

þ d2ð1� RuÞr2u

 �

:

Note that E½UðWhjÞjuj� is increasing (decreasing) in E pjuj
� �

� ðqh=
2Þðrvz=r2vÞujvar pjuj

� �
if uj is positive (negative). Using Lemma 7 and the fact

that E½UðWhjÞ� ¼ E½E½Uð Whj

	 

juj�� (when ½Ruðr2uÞ

�1 þ 2qhA� > 0 with

A ¼ � d
K
Ru

rvz
r2v

þ qh
2

r2vz
r4v

var pjuj
� �

� r2zð1� r2vzÞ
� �� �

;
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we find that

E½UðWhjÞ�u�ðRu=r
2
uÞ

�1=2 ½Ruðr2uÞ
�1þ2qhA��1=2exp

q2h
2

ðv�CqÞ2

Ruðr2uÞ
�1þ2qhA

( )
:

If ½Ruðr2uÞ
�1 þ 2qhA� � 0 then E½UðWhjÞ� diverges to �1.

Note that EUh increases with Cq and with K but decreases with var p½ �;
keeping in each case the other equilibrium parameters fixed. (

A.4. Proofs of Propositions in Section 5

Proof of Proposition 3. If the insider publicly reveals his private infor-
mation before trading on the asset market, speculator k’s information set
becomes fs; pg. Maximizing E½UðWskÞjs; p� with respect to xsk yields the
demand function for the risky asset,

XskðpÞ ¼
E½vjs� � p

qsvar½vjs�
;

where E½vjs� ¼ vþ Rsvðs� vÞ and var½vjs� ¼ ð1� RsvÞr2v . It is obvious that xsk
may be written as

Xsðs; pÞ ¼ bsðv� pÞ þ asðs� vÞ;

where as ¼ Rsv=½qsð1� RsvÞr2v � and bs ¼ 1=½qsð1� RsvÞr2v �.
Similarly, hedger j will choose xhj to maximize E½UðWhjÞjp; s; uj�: From the

first-order condition, hedger j’s optimal demand for shares is given by

Xhjðp; s; ujÞ ¼
E½vjs� � p

qhvar½vjs�
� rvz

r2v

� �
uj;

since E½v� pjp; s; uj� ¼ E½vjs�, var½v� pjp; s; uj� ¼ var½vjs�, and cov½z; v� pj
p; s; uj� ¼ rvz

r2v
var½vjs�. After integrating on the interval ð1; 2�, the hedgers’

aggregate demand will be given by

XhðuÞ ¼ bhðv� pÞ þ ahðs� vÞ � du;

where ah ¼ Rsv=½qhð1� RsvÞr2v �, bh ¼ 1=½qhð1� RsvÞr2v �, and d ¼ ðrvz=r2vÞ:
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From the market-clearing condition, the relation between the insider’s
asset position and its price becomes p ¼ vþ as þ ahÞ=ðbs þ bhð Þðs� vÞþ
bs þ bhð Þ�1ðxi � duÞ, so that k ¼ bs þ bhð Þ�1¼ ½qsqh=ðqs þ qhÞ�var½vjs�. Thus,
the insider’s optimal demand schedule is given by

Xiðs; pÞ ¼ aiðs� vÞ þ biðv� pÞ � ciq;

where

ai ¼
Rsv

qið1�RsvÞr2v þ k
; bi ¼

1

qið1�RsvÞr2v þ k
; ci ¼

qið1�RsvÞr2v
qið1�RsvÞr2v þ k

;

k ¼ qsqh
qsþqh

ð1� RsvÞr2v : Moreover, it obviously satisfies the second-order con-

dition 2kþ qivar½vjs� > 0, since k is greater than zero.

From the market clearing condition and the optimal strategies of the
insider, hedgers, and speculators, the equilibrium price is obtained as

p ¼ E½vjs� � ciqþ du
K

;

where K ¼ bs þ bh þ bi.
Conditional on (s; p), the entrepreneur’s expected utility is

E½� expf�qiWigjs; p� ¼ � exp �qi E½Wijs; p� �
qi
2
var½Wijs; p�

� �n o
;

where E½Wijs; p� ¼ qE½vjs� � CðqÞ þ xiðs; pÞfE½vjs� � pg and var½Wijs; p� ¼
q2var½vjs� þ var½vjs� xiðs; pÞf g2þ2qXiðs; pÞvar½vjs�.

Substituting into the above expression and simplifying yields

E½UðWiÞjs; p� ¼ � exp qiCðqÞ þ
q2i q

2

2
var½vjs�


 �
� exp �qiqE½vjs� �

qi
2

qivar½vjs� þ 2k½ �x2i
n o

;

where the first exponential is nonrandom. To obtain the entrepreneur’s
ex ante (unconditional) expected utility, it suffices to apply Corollary 8 by

taking x ¼ �qiqE½vjs� and y ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
qi
2 qivar½vjs� þ 2k½ �

q
Xiðs; pÞ.

We know that EfE½vjs�g ¼ v and var EðvjsÞ½ � ¼ Rsvr2v . We have also that
E½Xiðs; pÞ�¼�ciq=ðKkÞ,var½Xiðs; pÞ�¼ bid=Kð Þ2r2u, and covfE½vjs�;Xiðs; pÞg¼ 0.
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Thus, for a given q, the entrepreneur’s ex ante (unconditional) expected utility
is given by

E½UðWiÞjs;p�¼�jSGijexp qiCðqÞþ
q2i
2
q2 1�Rsvð Þr2v�qiqvþ

q2i
2
q2Rsvr

2
v


 �

�exp �1

2
qi

ci
kK

� �2
q2

qivar½vjs�þ2k

1þqi½qið1�RsvÞr2vþ2k� bi
K

� �2
d2r2u

8><>:
9>=>;;

where jSGij ¼ f1þ qi½qið1� RsvÞr2v þ 2k�ðbiKÞ
2d2r2ug

�1=2. Since bi ¼ 1=
ðqið1� RsvÞr2v þ kÞ and K ¼ bs þ bh þ bi (where bh þ bi ¼ 1=k), we have
K ¼ ðqið1� RsvÞr2v þ 2kÞ=ðk½qið1� RsvÞr2v þ k�Þ. Therefore, the entrepre-
neur’s ex ante (unconditional) expected utility may be written as

E½� expf�qiWig� ¼ �jSGij expf�qi½qv� CðqÞ � 0:5qir
2
vq

2ð1� dÞ�g;

where

jSGij ¼ 1þ qik
2d2r2u

qið1� RsvÞr2v þ 2k


 ��1=2

and

d ¼ 1

qir2v

ci
k

� �2 qivar½vjs� þ 2k

K2 þ qi½qið1� RsvÞr2v þ 2k�b2i d2r2u
:

Given that

ci ¼
qið1� RsvÞr2v

qið1� RsvÞr2v þ k
; bi ¼

1

qið1� RsvÞr2v þ k

var½vjs� ¼ ð1� RsvÞr2v ; K ¼ qið1� RsvÞr2v þ 2k
k½qið1� RsvÞr2v þ k�

d may be written as

d ¼
qi ð1� RsvÞr2v
� �2

=r2v
qið1� RsvÞr2v þ 2kþ qik

2d2r2u
:
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By substituting k ¼ ½qsqh=ðqs þ qhÞ�ð1� RsvÞr2v , we may also write d as

d ¼ qið1� RsvÞ

qi þ 2 qsqh
qsþqh

þ qi
qsqh
qsþqh

� �2
ð1� RsvÞr2vd

2r2u

;

so that, finally, for a given q, the entrepreneur’s ex ante (unconditional)
expected utility is given by

E½� expf�qiWig� ¼ �jSGij expf�qi½qv� CðqÞ � 0:5qir
2
vq

2ð1� dÞ�g;

where

jSGij ¼ 1þ qik
2d2r2u

½qið1� RsvÞr2v þ 2k�


 ��1=2

;

d ¼ qið1� RsvÞ

qi þ 2 qsqh
qsþqh

þ qi
qsqh
qsþqh

� �2
ð1� RsvÞr2vd2r2u

:

The entrepreneur chooses q to maximize the above ex ante expected utility, so
it is obvious that the level of real investment will be given by
q ¼ ðv� c1Þ=ðc2 þ qir

2
vð1� dÞÞ with the above value of d.

Similarly, speculator k’s expected utility conditional in his information
(s; p) is equal to

E½� expf�qsWskgjs; p� ¼ � expf�qsðE½Wskjs; p� � qsvar½Wskjs; p�=2Þg;

where E½Wskjs; p� ¼ Xskðs; pÞfE½vjs� � pg and var½Wskjs; p� ¼ var vjs½ ��
fx2skðs; pÞg.

Substituting into the above expression and simplifying yields

E½� expf�qsWskgjs; p� ¼ � exp � E½vjs� � pð Þ2

2var½vjs�

( )
:

To obtain speculator k’s ex ante (unconditional) expected utility, it suffices to
apply Corollary 8 by taking x ¼ 0 and y ¼ ðE½vjs� � pÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2var½vjs�

p
, where

E½vjs� � p ¼ ðciqþ duÞ=K: By taking into account that E½EðvjsÞ � p� ¼ ciq=K
and var½EðvjsÞ � p� ¼ d=Kð Þ2r2u (and making some simplifications) we have

E½� expf�qsWskg� ¼ �jSGsj exp � ðciqÞ2

2 K2ð1� RsvÞr2v þ d2r2u
� �( )

;
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where

jSGsj ¼ 1þ d2r2u
K2ð1� RsvÞr2v

" #�1=2

: (

Proof of Proposition 4. From the characterization of the equilibrium with
public disclosure of s (see Proposition 3), we immediately obtain:

1. dai=dRsv > 0; dbi=dRsv > 0, dci=dRsv ¼ 0, das=dRsv > 0; dbs=dRsv > 0,
dah=dRsv > 0; and dbh=dRsv > 0; also, dK=dRsv > 0. Price precision is
given by s ¼ 1=var½vjp�. The price is informationally equivalent to
Rsvðs� sÞ � du=K, so

var½vjp� ¼ r2v 1� R2
svr

2
v

Rsvr2v þ d=Kð Þ2r2u

" #
:

Since d is independent of Rsv and dK=dRsv > 0 , we have that dvar½vjp�
dRsv

< 0
and ds=dRsv > 0 . Finally, ciqð Þ=K decreases in Rsv because ci is inde-
pendent of Rsv, dK=dRsv > 0, and dq=dRsv < 0 (from Result 2).

2. dd=dRsv < 0 and consequently dq=dRsv < 0.
3. The insider’s ex ante expected utility is given by

E½� expf�qiWig� ¼ �jSGij expf�0:5qiðv� c1Þqg;

where

jSGij ¼ 1þ qik
2d2r2u

qið1� RsvÞr2v þ 2k


 ��1=2

¼ 1þ qi

qsqh
qsþqh

� �2
qi þ 2 qsqh

qsþqh

ð1� RsvÞr2vd2r2u

8><>:
9>=>;

�1=2

given that

k ¼ qsqh
qs þ qh

ð1� RsvÞr2v :

From the above expression,

dE½UiðWiÞ�
dRsv

¼� expf�0:5qiðv� c1Þqg
djSGij
dRsv

� �
� jSGij

d expf�0:5qiðv� c1Þqg
dRsv

� �
:
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It follows immediately that djSGij=dRsv > 0. On the other hand,
sign dexpf�g=dRsvð Þ ¼ �sign dq=dRsvð Þ > 0 since dq=dRsv < 0. Thus,
dE½UiðWiÞ�=dRsv < 0.

4. The speculator’s ex ante expected utility is given by

E½� expf�qsWskg� ¼ �jSGsj exp � ðciqÞ2

2 K2ð1� RsvÞr2v þ d2r2u
� �( )

;

where

jSGsj ¼ 1þ d2r2u
K2ð1� RsvÞr2v

" #�1=2

;

K2r2v ¼
1

ð1� RsvÞ2r2v

1

qi þ qhqs
qhþqs

þ 1

qs
þ 1

qh

 !2

:

If Rsv increases then K2ð1� RsvÞr2v increases, d does not change, and q
decreases. As a result, both jSGsj and the exponential term increase, so
that dE½UsðWsÞ�=dRsv < 0. (

A.5. Propositions and proofs for Section 6

PROPOSITION 9. Let Ru=qh be close to zero. If the entrepreneur has and
trades on inside information, then the following statements hold.

1. The insider’s trading intensity increases, aITi > aNI
i daITi =dRsv > 0
	 


.
2. Speculators and hedgers trade less aggressively, bITs < bNI

s dbITs =dRsv < 0
	 


and provided that Ru is small, bITh � bNI
h dbITh =dRsv � 0
	 


. Furthermore,

kIT > kNI ðdkIT=dRsv > 0Þ:
3. If qi is not too large then market depth decreases, KIT < KNI

dKIT=dRsv < 0
	 


:
4. Price precision increases, sIT > sNI dsIT=dRsv > 0

	 

.

5. If qi is not too high then var pIT
� �

> var pNI
� �

ðdvar pIT
� �

=dRsv > 0Þ.
6. If Rsv is close to unity then real investment decreases, qIT < qNI:
7. If Rsv is close to unity then the average stock price will increase, pIT > pNI.
8. The insider’s speculative gains will be higher ðjSGIT

i j < jSGNI
i jÞ while his

production and insurance gains will be lower ðexpf�0:5qiðv� c1ÞqITg >

expf�0:5qiðv� c1ÞqNIgÞ if Rsv is close to unity. We have that E½UIT
i � >

E½UNI
i � for qi low.
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9. If Rsv is close to unity then the speculators’ ex ante expected utility will be
reduced, E½UIT

s � < E½UNI
s �.

Proof
The key to the proof is to show that, for Ru=qh close to zero, dk=dRsv > 0.

We will first show that if Ru=qh ! 0 then dd Rsvð Þ=dRsv remains strictly po-
sitive and tends to zero. We know that there is equilibrium if and only if there
is a solution to the two-equation system (5) and (6), which may be written as

Fðk; d;RsvÞ � k� k
Ru

qh

½ð1� RuÞd2r2u þ a2i ðR�1
sv � 1Þr2v �

�1

1
qs½d2r2u þ a2i ðR�1

sv �1Þr2v �
þ 1

qh½ð1�RuÞd2r2u þ a2i ðR�1
sv �1Þr2v �

� r2v
d2r2u

1

qs½d2r2u þ a2i ðR�1
sv � 1Þr2v �

(

þ 1

qh½ð1� RuÞd2r2u þ a2i ðR�1
sv � 1Þr2v �

)�1

� r2v
d2r2u

ai ¼ 0;

Gðk; d;RsvÞ �
Ru

qh

ai
ð1� RuÞd2r2u þ ð1� RsvÞR�1

sv a
2
i r

2
v

dþ d� rvz
r2v

� �
¼ 0;

where ai ¼ Rsv=½qið1� RsvÞr2v þ k�. If Ru=qh is small then there is a unique
solution and, by applying the implicit function theorem we can compute the
derivatives dk Rsvð Þ=dRsv and dd Rsvð Þ=dRsv:

dk Rsvð Þ
dRsv

¼ �

@F
@Rsv

@F
@d

@G
@Rsv

@G
@d

�����
�����

@F
@k

@F
@d

@G
@k

@G
@d

�����
�����
;

dd Rsvð Þ
dRsv

¼ �

@F
@k

@F
@Rsv

@G
@k

@G
@Rsv

�����
�����

@F
@k

@F
@d

@G
@k

@G
@d

�����
�����
:

It is easy to check that if Ru=qh ! 0 then @G=@k ! 0, @G=@d ! 1,
@G=@Rsv ! 0, and @F=@k > 0 so

dd Rsvð Þ
dRsv

¼ �
@F
@k

@G
@Rsv

� @G
@k

@F
@Rsv

@F
@k

@G
@d � @F

@d
@G
@k

! 0
@F
@k

¼ 0

and

dk Rsvð Þ
dRsv

¼ �
@F
@Rsv

@G
@d � @F

@d
@G
@Rsv

@F
@k

@G
@d � @F

@d
@G
@k

! �
@F
@Rsv

@F
@k
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and therefore

sign
dk Rsvð Þ
dRsv

� �
¼ �sign

@F

@Rsv

� �
:

Moreover, after some tedious (but easy) manipulations we have that
@F=@Rsv < 0 (just note that

sign
@F

@Rsv

� �
¼ �sign

@

@Rsv
ai þ

1

qs½d2r2u þ a2i ðR�1
sv � 1Þr2v �

(" 

þ 1

qh½ð1� RuÞd2r2u þ a2i ðR�1
sv � 1Þr2v �

)�1
351A;

where the last partial derivative is positive because, by Lemma 6, the equi-
librium value of k satisfies the inequality ðk � r2vðqsqhÞ=ðqs þ qhÞÞ.

Therefore if Ru=qh is close to zero, then dk Rsvð Þ=dRsv is positive and
bounded away from zero and dd Rsvð Þ

dRsv
is close to zero (because of continuity of

the derivatives). Let then Ru=qh be close to zero and let us proceed to the
proof of the claims.

1. bs ¼ 1
qsr2v

d2r2u�ðai=kÞr2v
d2r2u þðR�1

sv �1Þa2i r2v
and so

dbs
dRsv

¼ @bs
@k

dk
dRsv

þ @bs
@d

dd
dRsv

þ @bs
@ai

dai
dRsv

þ @bs
@Rsv

;

where it is clear that @bs=@k � 0 , @bs=@Rsv � 0; and @bs=@ai < 0. Therefore,
if Ru=qh ! 0, then

dbs
dRsv

! @bs
@k

dk
dRsv

þ @bs
@ai

dai
dRsv

þ @bs
@Rsv

;

where the first and third terms are positive (because

@bs
@k

� 0;
dk Rsvð Þ
dRsv

> 0;
@bs
@Rsv

� 0 and
dk Rsvð Þ
dRsv

> 0Þ

and dbs=dRsv < 0. As a direct consequence, ð@bs=@aiÞðdai=dRsvÞ; must be
negative and, since @bs=@ai < 0 and dd Rsvð Þ=dRsv ! 0; we have that
daIT=dRsv > 0:
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2: bs ¼
1

qsr2v

d2r2u � ðai=kÞr2v
d2r2u þ ðR�1

sv � 1Þa2i r2v
;

bh ¼
1

qhr2v

ð1� RuÞd2r2u � ðai=kÞr2v
ð1� RuÞd2r2u þ ðR�1

sv � 1Þa2i r2v
;

k ¼ 1

bs þ bh
:

Here Ru=qh is close to zero if Ru is sufficiently small or qh ! 1 (or both). If
Ru is close to zero, then

bsqs ffi bhqh ffi
1

r2v

d2r2u � ðai=kÞr2v
d2r2u þ ðR�1

sv � 1Þa2i r2v

and, as a result, sign dbs=dRsvð Þ ¼ sign dbh=dRsvð Þ. Since k ¼ 1=ðbs þ bhÞ and
dk Rsvð Þ=dRsv > 0, it follows that dbs=dRsv and dbh=dRsv must be strictly
negative. If qh ! 1, then dbh=dRsv ! 0 and k ! 1=bs. Since dk Rsvð Þ=dRsv >
0, it is clear that dbs=dRsv < 0 for qh large enough.

3. Market depth may be written as K ¼ 1=kþ bi with
bi ¼ 1=½qið1� RsvÞr2v þ k�; or as K ¼ 1=kþ 1=½qið1� RsvÞr2v þ k�. If qi is
sufficiently close to zero, then, dKIT=dRsv < 0 since dk Rsvð Þ=dRsv > 0.

4. Price precision is given by

sIT ¼ sv 1þ a2i r
2
v

d2r2u þ ðR�1
sv � 1Þa2i r2v

" #
:

If Rsv ¼ 0 then sIT ¼ sv, yet on the other hand it is obvious that sIT > sv for
any Rsv > 0. Therefore, it is clear that sIT is strictly increasing in Rsv for
values sufficiently close to zero. For Rsv > 0,

dsIT

dRsv
¼ @sIT

@d
dd
dRsv

þ @sIT

@ai

dai
dRsv

þ @IT

@Rsv
;

where @sIT=@Rsv > 0 and @sIT=@ai > 0 (these partial derivatives are equal
to zero for Rsv ¼ 0 but are strictly greater than zero for any value of
Rsv > 0). Moreover, we know that dd=dRsv ! 0 (if Ru=qh is close to zero)
and that dai=dRsv > 0. Consequently, if Ru=qh is close to zero then
dsIT=dRsv > 0:
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5. We have that var pIT
� �

¼ ða2i r2v=Rsv þ d2r2uÞ=K
2. Since a2i =Rsv is

increasing in Rsv and since dd=dRsv ! 0 if Ru=qh is close to zero, it is obvious

that if K is decreasing in Rsv then d var pIT
� �

=dRsv > 0. Thus,

d var pIT
� �

=dRsv > 0 if qi is sufficiently close to zero.

6. We have that qIT ¼ ðv� c1Þ=ðc2 þ qir
2
vð1� dITÞÞ, where

dIT¼ qir
2
v

qir2vþ2kITþqi k
IT

	 
2ðdITÞ2r2u 1þ ð1�RsvÞkIT

qið1�RsvÞr2vþkIT
aITi EIT

ð1þaITi EITÞ

( )2

and

EIT ¼ 1

qs
ðdITÞ2r2u þ

Rsvð1� RsvÞr2v
qið1� RsvÞr2v þ kIT
� �2

" #�1

þ 1

qh
ð1� RuÞðdITÞ2r2u þ

Rsvð1� RsvÞr2v
qið1� RsvÞr2v þ kIT
� �2

" #�1

:

On the other hand, qNI ¼ ðv� c1Þ=ðc2 þ qir
2
vð1� dNIÞÞ, where

dNI ¼ qir
2
v

qir2v þ 2kNI þ qi k
NI

	 
2ðdNIÞ2r2u
:

If Rsv ¼ 1, then dIT ¼ qir
2
v=ðqir2v þ 2kIT þ qi k

IT
	 
2

d2r2uÞ: Since kIT > kNI

and dIT ! dNIas Ru=qh ! 0 (while kITremains bounded away from kNI), it
follows that for Ru=qh small we have

d IT ¼ qir
2
v

qir2v þ 2kIT þ qi k
IT

	 
2ðdITÞ2r2u
<

qir
2
v

qir2v þ 2kNI þ qi k
NI

	 
2ðdNIÞ2r2u
¼ dNI;

which directly implies that qIT < qNI because q is strictly increasing in d. By
continuity this is also true for Rsv close to unity.

7. In the equilibrium with insider trading the expected price is given by

pIT ¼ v� CITqIT; where CIT may be written as CIT ¼ ðcITs þ cITh þ cITi Þ=KIT ¼
cITi =ð1þ aITi EITÞð1=KITÞ. If Rsv ¼ 1 then cITi ¼ 0 and, as a direct consequence,

CIT ¼ 0 and
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pIT ¼ v > v� CNIqNI ¼ pNI;

since CNIqNI ¼ r2v 2=qi þ 1=qh þ 1=qs½ ��1qNI > 0. By continuity, this is also
true for Rsv close to unity.

8. The insider’s ex ante expected utility may be written as

E½� expf�qiW
IT
i g� ¼ �jSGIT

i j expf�0:5qiðv� c1ÞqITg;

where

jSGIT
i j ¼ 1þ qiðRsvr2v þ k2d2r2uÞ

qið1� RsvÞr2v þ 2k


 ��1=2

:

From this last expression,

djSGIT
i j

dRsv
¼ @jSGIT

i j
@Rsv

þ @jSGIT
i j

@k
dk
dRsv

þ @jSGIT
i j

@d
dd
dRsv

:

It can be shown that

@jSGIT
i j

@Rsv
< 0;

@jSGIT
i j

@k
< 0;

dd
dRsv

! 0 as Ru=qh ! 0 and

dk
dRsv

> 0; so that
djSGIT

i j
dRsv

< 0:

As a direct consequence, jSGIT
i j < jSGNI

i j. On the other hand, for all qi > 0,
if Rsv is close to unity then the exponential term is higher when insider trading
is permitted, since qIT < qNI. If qi ¼ 0 then qIT ¼ qNI ¼ ðv� c1Þ=c2; the
insider maximizes expected profits and only the speculative gains matter. The
insider benefits with IT: EUIT

i > EUNI
i . The same result holds for qi close to

zero, speculative gains then loom larger than production and insurance gains.
9. We will analyze separately the cases of 1=qh close to zero and Ru suf-

ficiently small. In the IT equilibria, if Rsv ¼ 1 and 1=qh is close to zero, then
C ¼ 0, ai ¼ 1=k, K ¼ 2=k, and k is implicitly defined by d2r2u � r2v=k

2 ¼
d2r2uqsr

2
v=k. As a consequence, the speculators’ ex ante expected utility is

given by

E½UIT
sk � ¼ �jSGIT

s j ¼ 1þ d2r2uq
2
sr

2
v

4


 ��1=2

:
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In the NI equilibrium, if 1=qh is close to zero, then KNI ¼ ð2qsr2v þ qir
2
vÞ=

½qsr2v qsr
2
v þ qir

2
v

	 

�, and the speculators’ ex ante expected utility may be

written as

E½UNI
sk � ¼ E½� expf�qsW

NI
sk g� ¼ �jSGNI

s j exp �0:5
ðCqÞ2

d2r2u=K
2 þ r2v

( )
;

where

jSGNI
s j ! 1þ d2r2uq

2
sr

2
v

qsr
2
v þ qir

2
v

2qsr2v þ qir2v

� �2( )�1=2

:

Since

exp �0:5
ðCqÞ2

d2r2u=K
2 þ r2v

( )
< 1 and

1

2
� qsr

2
v þ qir

2
v

2qsr2v þ qir2v
� 1

(which implies that ðqsr2v þ qir
2
vÞ=ð2qsr2v þ qir

2
vÞ

� �2� 1
4 and hence that

jSGIT
s j > jSGNI

s j and �jSGIT
s j < �jSGNI

s j), it is obvious that

E½UNI
sk �¼�jSGNI

s jexp �0:5
ðCqÞ2

d2r2u=K
2þr2v

( )
>�jSGNI

s j��jSGIT
s j¼E½UIT

sk �:

By continuity, this is also true for Rsv close to unity.
A similar proof can be given for Rsv ¼ 1 and Ru close to zero. The spec-

ulators’ ex ante expected utility is given by E½UIT
sk � ¼ f1þ 1=qs þ 1=qhð Þ�2�

d2r2ur
2
v=4g

�1=2 in the IT equilibria and by

E½UNI
sk � ¼ �jSGNI

s j exp �0:5
ðCqÞ2

d2r2u=K
2 þ r2v

( )
with

jSGNI
s j ! 1þ d2r2ur

2
v

1
qs
þ 1

qh

� �2 1
qs
þ 1

qh

� ��1

r2v þ qir
2
v

2 1
qs
þ 1

qh

� ��1

r2v þ qir2v

264
375
28><>:
9>=>;

�1=2

in the NI equilibrium. Since

exp �0:5
ðCqÞ2

d2r2u=K
2 þ r2v

( )
< 1 and

1

2
�

1
qs
þ 1

qh

� ��1

r2v þ qir
2
v

2 1
qs
þ 1

qh

� ��1

r2v þ qir2v

� 1
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which implies that

1
qs
þ 1

qh

� ��1

r2v þ qir
2
v

2 1
qs
þ 1

qh

� ��1

r2v þ qir2v

264
375
2

� 1

4

and therefore that jSGIT
s j > jSGNI

s j and �jSGIT
s j < �jSGNI

s j ), it is obvious
that E½UNI

sk � > �jSGNI
s j � �jSGIT

s j ¼ E½UIT
sk �: By continuity, this is also true

for Rsv close to unity. (

PROPOSITION 10. Let Ru=qh be close to zero. Then with insider trading
the following statements hold.

1. The insider trades less aggressively: aITi < aPDi .
2. The outsiders are less responsive to price movements, bITs < bPDs and

bITh < bPDh for Rsv > 0 (and bPDs � bITs and bPDh � bITh are increasing in RsvÞ.
3. The market becomes thinner: KIT < KPD.
4. Price precision is reduced: sIT < sPD: If Rsv is close to unity then

var pPD½ � > 2var pIT
� �

:
5. If Rsv is close to unity then qIT > qPD.
6. The speculative gains of the insider are larger: if Rsv is close to unity (or if

qi is close to zero), then E½UIT
i � > E½UPD

i �.
7. If Rsv is close to unity, E½UIT

sk � > E½UPD
sk �.

Proof
1. We know that dkIT=dRsv > 0 (see Proposition 9), dkPD=dRsv < 0 (since

kPD ¼ ½qhqs=ðqh þ qsÞ�ð1� RsvÞr2v), and (when Rsv ¼ 0Þ kIT ¼ kPD ¼
½qhqs=ðqh þ qsÞ�r2v . Thus, we conclude that kIT Rsvð Þ is strictly greater that

kPD Rsvð Þ for all Rsv > 0. Moreover, the difference kIT Rsvð Þ � kPD Rsvð Þ is

increasing in Rsv. On the other hand, aITi ¼ Rsv=ðqið1� RsvÞr2v þ kITÞ and

aPDi ¼ Rsv=ðqið1� RsvÞr2v þ kPDÞ. Since kIT > kPD for all Rsv > 0 , it follows

that aITi < aPDi for all Rsv > 0:
2. We know that dbITs =dRsv < 0 and dbITh =dRsv � 0 (see Proposition 9),

dbPDs =dRsv > 0; and dbPDh =dRsv > 0 (since bPDs ¼ 1=½qsð1� RsvÞr2v � and bPDh ¼
1=½qhð1� RsvÞr2v �). Thus, bPDs > bITs and bPDh > bITh for all Rsv > 0. Moreover,

the differences bPDs � bITs and bPDh � bITh are increasing in Rsv.

3. Market depth is given by K ¼ 1=kþ 1=ðqið1� RsvÞr2v þ kÞ. Since
kIT > kPD for all Rsv > 0, it is obvious that KIT < KPD.

4. In the IT equilibrium, the price is informationally equivalent to
aITi ðs� vÞ � dITu. On the other hand, in the PD equilibrium the price is
informationally equivalent to aPDi þ aPDs þ aPDh

	 

ðs� vÞ � dPDu, since s is

now public information. If Ru=qh tends to zero, dIT ! dPD ¼ ðrvz=r2vÞ.
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Moreover, 0 < aITi < aPDi and aPDs þ aPDh > 0, so it is clear that
sIT ¼ 1=var½vjpIT� < sPD ¼ 1=var½vjpPD� for all Rsv > 0:

The volatility of prices is given by

var pIT
� �

¼
kIT
	 
2

qið1� RsvÞr2v þ 2kIT
� �2 Rsvr

2
v þ

dIT
	 
2

r2u

KIT
	 
2

in the IT equilibrium and by

var pPD
� �

¼ Rsvr
2
v þ

dPD
	 
2

r2u

KPD
	 
2

in the PD equilibrium.
If Rsv ! 1 and Ru=qh ! 0, then dIT ! dPD ¼ ðrvz=r2vÞ, KPD ! 1, and

KIT ¼ 2=kIT, where the value of kIT is implicitly defined by dIT
	 
2

r2u�
r2v= kIT
	 
2 ¼ dIT

	 
2
r2uqsr

2
v=k

IT (or equivalently, by dIT
	 
2

r2u ¼ r2v=k
IT�

kIT � qsr
2
v

� �
): As a result, var pPD

� �
! r2v and

var pIT
� �

! 1

4
r2v þ

dIT
	 
2

r2u

KIT
	 
2 ¼ r2v

4
1þ kIT

kIT � qsr2v

" #
<

r2v
2
;

so that

var pPD
� �

! r2v >
r2v
2
> var pIT

� �
:

5. In the equilibrium with IT, qIT ¼ ðv� c1Þ=ðc2 þ qir
2
vð1� dITÞÞ, where

dIT ¼ qir
2
v

qir2v þ 2kIT þ qi k
IT

	 
2
d2r2u

1þ ð1� RsvÞkIT

qið1� RsvÞr2v þ kIT
aITi EIT

1þ aITi EIT

( )2

:

On the other hand, we have qPD ¼ ðv� c1Þ=ðc2 þ qir
2
vð1� dPDÞÞ, where dPD

may be written (after some simple but tedious manipulations) as

dPD ¼ qið1� RsvÞ

qi þ 2 qsqh
qsþqh

þ qi
qsqh
qsþqh

� �2
ð1� RsvÞr2vd2r2u

:
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If Rsv ! 1, then dPD ! 0 and dIT ! qir
2
v=½qir2v þ 2kIT þ qi k

IT
	 
2

d2r2u� > 0
Consequently, qIT > qPD.

6. In the PD equilibrium, the insider’s ex ante expected utility is given by

E½� expf�qiW
PD
i g� ¼ �jSGPD

i j expf�0:5qiðv� c1ÞqPDg

where jSGPD
i j may be written as

jSGPD
i j ¼ 1þ

qi k
PD

	 
2
dPD
	 
2

r2u
qið1� RsvÞr2v þ 2kPD

( )�1=2

or as

jSGPD
i j ¼ 1þqi

qsqh
qsþqh

� �2

qiþ 2
qsqh

qsþqh

� ��1

ð1�RsvÞ dPD
	 
2

r2ur
2
v

( )�1=2

;

since kPD ¼ ½qsqh=ðqs þ qhÞ�ð1� RsvÞr2v . It is obvious that djSGPDj=dRsv > 0
and, from Proposition 9.8, djSGIT

i j=dRsv < 0; hence it is clear that for any
Rsv > 0 we have jSGPD

i j > jSGIT
i j. On the other hand, if Rsv is close to unity,

then qIT > qPD and, as a direct consequence, expf�0:5qiðv� c1ÞqPDg >
expf�0:5qiðv� c1ÞqITg. Therefore, provided that Rsv is close to unity,
E½UPD

i � < E½UIT
i �:

Moreover, if the insider is risk neutral qi ¼ 0ð Þ, then he will maximize his
expected wealth, which may be written as

E½WIT
i � ¼ vqIT � CðqITÞ þ 1

4

Rsv

kIT
r2v þ kIT dIT

	 
2
r2u

� �
;

E½WPD
i � ¼ vqPD � CðqPDÞ þ 1

4
kPD dPD
	 
2

r2u;

where kPD ¼ ½qsqh=ðqs þ qhÞ�ð1� RsvÞr2v , qIT ¼ qPD ¼ ðv� c1Þ=c2,
dPD ¼ rvz=r2v andthevaluesofk

IT anddIT aregivenbyProposition1withqi ¼ 0.
Since qIT ¼ qPD, dIT ffi dPD (providedRu=qh is close to zero), and k

IT > kPD, it is
obvious that if qi ¼ 0 then

E½WIT
i � ¼ vqIT � CðqITÞ þ 1

4
kIT dIT
	 
2

r2u þ
1

4

Rsv

kIT
r2v

> vqPD � CðqPDÞ þ 1

4
kPD dPD
	 
2

r2u ¼ E½WPD
i �:
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That is, if qi ¼ 0 then the insider’s welfare is higher in the IT regime,
E½WIT

i � > E½WPD
i �. By continuity, this result also holds for qi close to zero (if

qi is close to zero then it is also true that E½UPD
i � < E½UIT

i �, since
jSGPD

i j > jSGIT
i j and qITu qPD).

7. In the PD equilibrium, speculator k’s ex ante expected utility is given by
E UPD

sk

� �
¼ �jSGPD

sk jjIGPD
sk j, where

jSGPD
sk j ¼ 1þ 1

qs
þ 1

qh
þ 1

qi þ qsqh
qsþqh

" #�2

ð1� RsvÞ dPD
	 
2

r2vr
2
u

8<:
9=;

�1=2

;

jIGPD
sk j ¼ exp � 1

2

cPDi qPD
	 
2ð1� RsvÞr2v

1
qs
þ 1

qh
þ 1

qiþ
qsqh
qsþqh

� �2
þð1� RsvÞr2v dPD

	 
2
r2u

8>>><>>>:
9>>>=>>>;:

On the other hand, in the IT equilibria the ex ante expected utility of spec-
ulator k is given by

E½�expf�qsW
IT
skg�¼�jSGIT

sk jexp �0:5
ðCITqITÞ2

var½EðvjpITÞ�pIT�þvar½vjpIT�

( )
;

where

jSGIT
sk j ¼ 1þ var½EðvjpITÞ � pIT�

var½vjpIT�


 ��1=2

;

var½EðvjpITÞ � pIT� ¼
dIT
	 
2

r2u þ aITi
	 
2

R�1
sv r

2
v � aITi KITr2v

h i2
KIT
	 
2

dIT
	 
2

r2u þ aITið Þ2R�1
sv r

2
v

h i ;

and

var½vjpIT� ¼ r2v
dIT
	 
2

r2u þ aITi
	 
2ð1� RsvÞR�1

sv r
2
v

dIT
	 
2

r2u þ aITið Þ2R�1
sv r

2
v

:

If Rsv ¼ 1 and 1=qh is close to zero, then E UPD
sk

� �
¼ �1, CIT ¼ 0, aITi ¼ 1=kIT,

and KIT ¼ 2=kIT , where the value of kIT is implicitly defined by
dIT
	 
2

r2u � r2v= kIT
	 
2¼ dIT

	 
2
r2uqsr

2
v=k

IT: As a direct consequence,
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E½UIT
sk � ¼ � 1þ

dIT
	 
2

r2uq
2
sr

2
v

4

( )�1=2

> �1 ¼ E UPD
sk

� �
:

Similarly, if Rsv ¼ 1 and Ru is close to zero,

E½UIT
sk � ¼ � 1þ 1

qs
þ 1

qh

� ��2 dIT
	 
2

r2ur
2
v

4

( )�1=2

> �1 ¼ E UPD
sk

� �
:

Thus, if Rsv ¼ 1 and Ru is close to zero, E½UIT
sk � > E UPD

sk

� �
. By continuity, if

Ru=qh is close to zero then this result, E½UIT
sk � > E UPD

sk

� �
, holds also for Rsv

sufficiently close to unity. (
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