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1. Introduction

Insider trading has been an outstanding issue in the regulatory agenda for almost a century. The
Securities Exchange Act of 1934 requires corporate insiders (directors, officers and owners of at
least five percent of equity securities) to disclose their trades to the SEC within days; following
the Sarbanes-Oxley Act of 2002, disclosure should now occur within two business days following
the transaction. The rationale behind this type of transparency is to achieve market integrity and,
then, better investor protection, price discovery and liquidity conditions. This paper builds up a
framework to gauge how alternative forms of insider trading regulation affect information efficiency
and other attributes of market quality when investors have the ability to acquire information. We
study information efficiency and market liquidity across such alternative regulatory regimes.

Insider trading regulation may seem to be irrelevant to market efficiency or liquidity in the current
information age. Current information technology enables investors to estimate asset values faster
and, arguably, more accurately than at the time of the Securities Exchange Act and its amendments.
Due to data abundance, information processing techniques based on machine learning and artificial
intelligence are increasingly used to forecast trends in firms’ profitability and price a wide range of
securities as a result. If information has become so easier to process, wouldn’t insiders’ informational
advantage be so reduced to render regulation practically irrelevant? This paper argues that it is far
from being the case. Market efficiency and liquidity both improve while properly regulating insider
trading in a world with more parsimonious and efficient information search and computational costs.

So how should insider trading be regulated? Our main conclusions are that how to regulate
depends on both uncertainty around market fundamentals (i.e., the insider’s likely informational
advantage) and the efficiency of information technology and the market quality attribute that regula-
tion tries to target at. If regulation aims at improving price efficiency, and information technology is
expensive, or uncertainty on fundamentals is low, our analysis suggests that the best option is manda-
tory disclosure of insider trades. However, in the presence of more efficient information technologies,
or higher uncertainty, the best regulatory regime is a complete ban on insider trading. Finally, our
analysis suggests that the regulatory regime that ensures the most liquid market always relies on a
complete ban on insider trading. Our analysis yields novel insights into existing regulation, reviewed
and re-assessed in light of our conclusions. We explain that, in markets with high uncertainty, policy
models based on ex ante corporate disclosure of price-sensitive information (the main model in the
E.U. and the U.K.) may actually be complements to mandatory disclosures of insider trades (the
reference in the U.S.). In these markets, trading bans are still the best option in the absence of
legislative provisions of ex ante corporate disclosure.

To help provide intuition on the main mechanisms behind our analysis, consider the rationale for
insider trading regulation in the presence of improving information technologies. Acquiring infor-
mation pays, provided the assets’ fundamental uncertainty is sufficiently large. Now, as the costs to
collect and process information drop (through, say, web crawling and parallel computing), so does the



uncertainty needed to incentivize information acquisition. To illustrate, consider a stylized example,
a market with relatively low uncertainty in which, prior to an information technology “shock,” in-
vestors cannot bear the costs of collecting information. After the shock, however, the same investors
may afford collecting information. In general, while information costs lower, information acquisition
activities become more pervasive, to the entire benefit of market efficiency. Insider trading (with or
without disclosure) would discourage these processes of information production, a property known
as information crowding-out. This effect is so strong to dominate the positive, direct effects on price
discovery that is exerted by allowing the insider to trade. Similar effects underlie other conclusions
of our analysis, which we now illustrate in more detail. First, we describe how uncertainty affects
information activities, efficiency and liquidity in our model (Section 1.1); second, we provide more
details on our claims regarding the effects of information technology on market efficiency (Section

1.2). Sections 1.3 and 1.4 provide a discussion of related work and the paper outline.

1.1.  Uncertainty and information activities

The inference that the effects of a policy decision are independent of the behavior of forward looking
market participants seems suspicious, at least in light of the general principles underlying the Lucas’
Critique. To illustrate, a “reform” that introduces mandatory disclosure is likely to alter the traders’
decision space. In an important contribution, Huddart, Hughes, and Levine (2001) (HHL, henceforth)
show that mandatory disclosure does actually lead to improved market quality. The authors do show
that the insiders garble their trades with the purpose of dissimulating their information; however, the
dissimulation effects are weak, and the disclosure requirements lead to improved market efficiency. In
this paper, we consider a market in which non-insiders, but professional, investors also trade. These
investors, the “speculators,” acquire information, and their trading decisions vary according to the
regulatory regime.

The effects of trading disclosure requirements on market efficiency can be quite complex. We
find that, in a Kyle’s (1985) type market with multiple periods and a large number of speculators, a
given disclosure regime is actually irrelevant to price discovery, provided asset volatility is sufficiently
high: market efficiency is the same regardless of whether insider trading is subject or not to disclosure
requirements. This irrelevance result is due to the speculators’ information acquisition activity. When
the asset payoffs are sufficiently uncertain, speculators are incentivized to purchase information. As
it turns out, price discovery is, then, even independent of the asset volatility. Figure 1, based on
Theorem 1 in Section 4, illustrates this conclusion. Speculators do not acquire information when the
asset volatility, a?l, is small. In this case, a regime with disclosure requirements leads to better price
discovery (the inverse of UZ‘FQ in the picture) than one without—the prediction of the HHL model.
However, as o*?l increases, speculators acquire information. If insider trading is subject to disclosure,
it takes higher values of 03 to incentivize information acquisition: disclosure requirements result into

information crowding-out, that is, greater public disclosure about fundamentals discourages private



information acquisition. However, these effects are not strong enough and a market with disclosure
requirements is more efficient than without. But when 03 is sufficiently high, a reform on post-trade
transparency does not affect market efficiency: markets subject to disclosure are as informationally
efficient as markets that are not (Region R1 in Figure 1). In other words, when many speculators
trade based on the information they acquire, market (in-)efficiency is “capped” at a level that is

independent of post-trade transparency.
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F1GURE 1. Informational efficiency and regulatory regimes. This picture depicts the asset payoff
uncertainty as a function of the uncertainty of fundamentals in three regulatory regimes: (i) without
insider trading (black line), (ii) with insider trading but mandatory disclosure (red, dot-dashed
line), and (iii) with insider trading and without mandatory disclosure (blue, dashed line). In all
markets, there is a large pool of investors that engage in costly information acquisition, and the
marginal cost of acquiring the first bit of information is 50 cents per unit of noise (that is, Kk = %
in Eq. (3)). Remaining notation is defined in the main text and in Section 4.

Does market efficiency or liquidity improve by banning insider trading in the first place? In a mar-
ket where insider trading is prohibited, speculators always purchase information in equilibrium, and
prices may, then, indeed, be informationally more efficient than in markets with insider trading (with
or without disclosure requirements). The reason relates, again, to information crowding-out: informa-
tion held by an insider is incorporated in the asset price, which discourages information acquisition.
Banning insider trading obviously eliminates the undesirable effects of information crowding-out: pro-

vided uncertainty on the asset fundamentals 05 is high enough, market efficiency then improves when
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insider trading is banned, just as in Regions R1 and R2 of Figure 1. When 03 is low, however, price
efficiency is better when insiders are allowed to trade. The reason is that, with O'?l low, speculators
are only incentivized to acquire limited amounts of information and prices, then, are not very infor-
mative about the asset fundamentals: the order flow is mostly noise. By contrast, insiders, if allowed
to participate, would trade on their information anyway even when 03 is low, making markets more
efficient.

To these properties correspond others regarding market liquidity. In markets with a large number
of speculators, market liquidity always improves by banning insider trading. The intuition on this
property is the following. When 05 is low, the order flow is almost noise in a market without insiders,
as explained, and liquidity conditions are, then, better than in markets where insiders are allowed to
trade. When a?l is high, investors tend to purchase more information and trade more aggressively, but
insider trading would discourage this behavior: markets are now more liquid without insider trading,
due to information crowding-out (see Theorem 2 and Figure 4 in Section 4).

Note that the previous properties on market efficiency and liquidity result due to two effects. On
the one hand, markets with insiders are always more efficient than without, for a given amount of
information (see Proposition 1 in Section 4). On the other hand, when information is endogenous,
markets may be inefficiently under-crowded (compared to a market without insider trading). These
effects, information crowding-out, are quite strong in our model, although may become weaker in

markets with a small pool of speculators.

1.2.  Information technology and market efficiency

How do these conclusions link to information technology? In our model, there is a fixed number of
speculators, the “potential industry size,” who have access to information acquisition technologies
subject to standard conditions (weak convexity), and trade in imperfect competition, with or without
the presence of an insider trader. With insider trading, we find that these investors all acquire infor-
mation, provided they face sufficient uncertainty regarding the asset payoff. Precisely, we find that
there is a bound, C, such that speculators always enter the market when the asset payoff uncertainty
they face whilst trading is higher than C.

Now, and remarkably, this bound, C, is independent of O'?l. It is interpreted as the marginal cost
that the speculators need to face whilst acquiring the first bit of information (see Eq. (3)). The
lower this cost, the lower C and, then, the lower the uncertainty needed to trigger market participa-
tion. Ultimately, the effects of information crowding-out become more severe as these marginal costs
decrease. In terms of Figure 1, Regions R1 and R2 shift to the left as information costs decrease.
Figure 3 in Section 4 provides a precise location map for all these regions and for varying levels of the
variance 0(21 and the marginal costs of information. Its main message can be conveyed very clearly:
for any given value of 0(21, more efficient information technologies (i.e., lower values of C) imply that

increasingly stricter regulatory regimes ensure the informationally most efficient markets. When, say,



information search and processing are expensive, investors acquire limited information, and insider
traders help achieve price discovery. In this case, insider trading should be regulated with mandatory
disclosure. However, as information costs decrease, insider traders would crowd-out investors, and
a complete ban on insider trading improves market efficiency. We now explain how our conclusions

relate to the existing literature.

1.8.  Discussion of related work

The literature has investigated several instances of markets that lead to information crowding-out.
Examples include Diamond (1985) and Gao and Liang (2013), who study firms’ information disclo-
sure when competitive investors can acquire information, or Colombo, Femminis, and Pavan (2014),
who study the welfare effects of public information in competitive economies with information acqui-
sition and payoff complementarities. Goldstein and Yang (2017) review the literature on information
disclosure in financial markets.

Information crowding-out in financial markets was studied by Fishman and Hagerty (1992). They
provide examples of markets with and without insider trading, and show that insider trading may
discourage private information acquisition by non-insiders and, in some cases, result in lower price
efficiency.! Our analysis provides a much stronger case for regulation: our model suggests that
insider trading should always be regulated, independent of parameter values. Furthermore, and in
contrast to the previous literature on insider trading, we suggest how it should be regulated: we
offer a detailed analysis of the regulatory regime that is the most appropriate, depending on the
insider’s informational advantage and the outside investors’ information technology, as anticipated
in Sections 1.1-1.2. We also explain how this analysis helps assess alternative regulatory models
and justify the adoption of complementary policy measures, based on ex ante corporate disclosure
of price-sensitive information (see Section 5). We provide a thorough assessment of the modern
and alternative regulatory models available in light of existing regulation in the U.S., the E.U., and
in other legislations such as that in the U.K. or Switzerland. The literature has certainly dealt
with some mitigated forms of restrictions on insider trading; to illustrate, HHL study markets in
which insiders are subject to post-trade disclosure requirements, consistent with existing regulation
in the U.S.. However, it is far from clear whether these requirements are the best option available
to regulate insider trading, especially in markets with endogenous information acquisition. In these
markets, insiders may have more or less informational advantage, and outside investors may have
access to more or less efficient information processing technology. Finally, information acquisition
arguably operates in an opaque way, which calls for new ways to model information acquisition in
these markets. We provide a systematic analysis of the benefits of alternative forms of insider trading
regulation, which take into account these aspects.

In our setting, information choices are not observed (although they are correctly anticipated

'Leland (1992) analyzes insider trading in a model without endogenous information acquisition.



in equilibrium): in practice, hedge funds and family offices alike typically maintain their research
activities quite secret. Thus, our paper belongs to a very recent strand of the literature in which
information choices by strategic agents are not observed: see, e.g., Banerjee and Breon-Drish (2020),
Riidiger and Vigier (2020), and Xiong and Yang (2020).2 In particular, Banerjee and Breon-Drish
consider, amongst other things, a market with one investor in a dynamic market; Riidiger and Vigier
consider endogenous information acquisition in dealer markets; Xiong and Yang consider a market
with multiple investors. These papers do not analyze markets where outside investors may co-exist
with an insider trader. In comparison, we study two-period markets with multiple outside investors
and an insider subject to mandatory disclosure. We contribute to this literature by providing a
systematic analysis of insider trading within this framework across three regulatory regimes: the
unregulated regime, the regime that bans insider trading and, finally, the post-trade transparency
regulation framework of HHL, reviewed in more detail below. Moreover, we consider intensive costs of
research (as in Banerjee & Breon-Drish and Xiong & Yang), such that, then, the amount of precision
of the information collected is determined in equilibrium. Finally, we also study market liquidity
across regulatory regimes.

Edmans, Jayaraman, and Schneemeier (2017) show that corporate investment sensitivity to To-
bin’s ¢ increases after the enforcement of regulations that deter insider trading. Their results are
relevant to our paper in two ways. First, they provide empirical evidence consistent with information
crowding-out: stock prices become a more informative signal about firms’ investment opportunities
because outside investors gather more information after insider trading bans. Second, the feedback
channel from prices to real investment suggests that outsiders’ information acquisition can improve
firm value. Hence, the benefits of regulating insider trading may even exceed those uncovered in our
paper, thereby providing an even stronger case for regulation.

Our work is related to the literature on financial markets with imperfect competition, especially
to those pieces that study market quality implications of post-trading disclosure. HHL show that an
equilibrium with mandatory disclosure of insider trades only exists when the insider plays a mixed
strategy: the insider adds noise to his market orders to prevent perfect inference on his information by
the market maker and maintain profits in future periods. In their model, mandatory public disclosure
improves price discovery and liquidity, as explained earlier. We show that in markets with endogenous
information acquisition and a large number of investors, mandatory disclosure results in information
crowding-out, and that this effect makes mandatory disclosure irrelevant to market quality, provided
the uncertainty on fundamentals is sufficiently large (see Figure 1, and Figure 4 in Section 4); in
this case, a complete ban on insider trading improves market quality, as explained. Buffa (2013)
studies a market with a risk-averse insider; he shows that, in a regime with mandatory disclosure,

a risk-averse insider trades less aggressively, which results in less efficient prices. In contrast to

2For a review of the standard literature on information acquisition started by Grossman and Stiglitz (1980), see
Veldkamp (2011) and, amongst others, the additional contributions and references in the previous three papers, Mele
and Sangiorgi (2015) and Benhabib, Liu and Wang (2019).



these papers, we study properties of information crowding-out of trading disclosure regulation on
information acquisition made by non-insiders. Yang and Zhu (2020) consider the effect of “back-
running,” that is, the observation of a noisy signal of the informed trader’s order flow by other
traders. When back-running is sufficiently precise, the informed trader hides his information with a
mixed strategy—just as the insider who is subject to post-trade disclosure in HHL—and back-running
reduces the amount of fundamental information that is acquired in equilibrium. As in our paper, Yang
and Zhu (2017) consider a two-period extension of Kyle (1985) and the strategic interactions are across
periods, but our focus is different than theirs. The authors study the effect of private discovery of the
investors’ order flows (back-running) on their trading and information acquisition. By contrast, we
focus on the effects of insider trading regulation on the incentives left to non-insiders (the speculators)

to acquire information.

1.4. Outline

The paper is organized as follows. The next section contains a description of our main assumptions.
Section 3 develops a framework of analysis of endogenous information acquisition in markets with
and without insider trading. The model relies on the assumption that there exists a pool of N
speculators. Section 4 applies this framework while focussing on the limiting case with large N,
and contains our conclusions on information efficiency and liquidity across markets with alternative
disclosure regimes; this section also reviews our findings in markets with finite pools of speculators.
Section 5 discusses the policy implications of our analysis in light of existing legislation in the U.S.
and the E.U. with reference to post-trade transparency, ex ante transparency, and insider trading
bans. Section 6 concludes. Three appendixes contain all technical details not included in the main

text.

2. Market and regulatory regimes

We consider a market for a risky asset that pays off a random dividend d~N (J, 03) at time t = 3
and is traded at t = 1 and ¢t = 2. The trading protocol is as in Kyle (1985): investors submit market
orders to a risk-neutral market maker who sets the price p; according to the standard semi-strong
efficiency rule, p, = E(d|F,;), where F; denotes the information available to him at time-t. A risk-
neutral insider has perfect knowledge of the realization of (J, and trades, when possible, x; asset units
at time ¢t = 1,2. We consider three regulation regimes. One, in which the insider is not allowed to
trade; a second, in which the insider is allowed to trade, but is required to disclose his trade at t =1
(see Figure 2);® a third, in which there are no disclosure requirements. We assume noise trading is

zt~N (0, ag) in each trading period t =1, 2.

3That is, disclosure is ex post: x; becomes public information only after p; is set. This assumption is consistent
with existing regulation on insider trading.



At time-2, a number N of risk-neutral “speculators” may trade in Cournot competition, based
on the first period price, the information reported by the insider (if any), and additional information
that they may acquire: a signal on the asset value,* s; = d + &;, where ¢; is independent across
speculators, and normally distributed with mean zero and variance agi. Speculator 7 trades v; asset
units. We assume that, independent of the regulatory regime, it costs ¢ (7;) to observe a realization of
one signal that is drawn with precision 7; = 1/02 . We assume that ¢ (7;) is positive, increasing, twice
differentiable, weakly convex, and satisfies ¢ (0) = 0. A speculator’s information acquisition decision
is not observed by other players. We refer to a speculator ¢ as “active” if he acquires information
(i.e., 7, > 0), and “inactive” otherwise. We denote with A/ the index set of active speculators and let
N = |N]| (i.e., N < N is the number of active speculators).

Insider observes d Insider Speculators Insider and
and trades x; discloses x; acquire information speculators trade Asset pays d
i 9 9 i i
t=1 t=2 t=3

F1GURE 2. Timeline on trading and reporting in the market with mandatory disclosure.

Our equilibrium concept is Perfect Bayesian Equilibrium. The insider and each speculator’s
actions maximize their respective expected profits conditional on the information available to them,
and prices are semi-strong efficient conditional on the information available to the market maker. We
focus on linear equilibria in which all active speculators acquire signals with the same precision, i.e.,
7; = 7 for all i € . In the next section, we solve for the equilibrium in two steps. First, we solve for
information acquisition and trading decisions in ¢ = 2 taking as given the insider’s trading strategy
in t = 1, and, therefore, taking as given the information set F;. Second, we endogenize the insider’s
trading strategy in t = 1 and compare informational efficiency and market liquidity across regulation

regimes.

3. Equilibrium

We initially assume that, conditional on Fy, the dividend is normally distributed, cﬂFl ~ N (mgjn, 03‘ )
where mg);, and U?” , are mean and variance conditional on the information available at ¢ = 1 (and,
as usual, we set 74, = 1/U?l|h)' Specifically, h = y; = x1 + 21 (the time-1 order flow) in the market

without disclosure and h = x1 in the market with disclosure.

4The model may be extended in a way that the speculators receive signals on the asset value at time-0, which they
may then trade upon since time-1. We find it more plausible to focus on a market where speculators are able to observe
signals on asset values only after the insider observes d.



We determine, first, the equilibrium trading strategies and price function for a given information
structure. That is, let us momentarily fix N and 7.. Inactive speculators optimally do not trade the
asset. The insider (when allowed to trade) and active speculator-i submit market orders at ¢ = 2 that

are equal to

x9 (d,h) = argmax E ((cz—pg)xg’ d=d, h) and wv(s;,h) =argmax E ((J— D2)v;
x2 Vg

s, h) . ()
We search for a linear equilibrium in which the price is
P2 = Myjp + A2y2,

where yo denotes the time-2 order flow, y2 = 2 (d, h) + > ;o - v (8i, h) 4 z2. We conjecture and verify
that x3 (d, h) = By(d — mg),) and v (si, h) = Bs(si — mgyp). Appendix A provides expressions for the
equilibrium coefficients, conditional fundamental variances and the traders’ expected profits.

Next, we endogenize the number of active speculators IV and their chosen precision 7.. Information
acquisition decisions are not observable. Each player has beliefs about N and 7., and in equilibrium
these beliefs must be correct. Consider the expected profits of an active speculator net of information

costs (“net profits,” from now on),
(N, 725h) = B ((d = p2)B.(si = map) |h) = efr2).

In an equilibrium, the pair (N,7.) € Zg x RT must be such that: (i) Active speculators have no
incentives to acquire a different amount of information 77; (ii) Inactive speculators have no incentives
to enter the market. Note that this notion of equilibrium takes into due account the number of
players’ discrete nature.

Section 3.1 deals with information acquisition in markets with and without the insider. Section
3.2 describes market behavior at time-1. Section 4 contains our main analytical results, obtained in

the liming case as the number of potential entrants, N, is large.

3.1.  Endogenous information acquisition

We first analyze a market in which speculators compete with the insider trader (in Section 3.1.1).
We ask: what is the size of this market when speculators are allowed to acquire information? It turns
out that the answer is quite neat: all speculators have incentive to enter the market, provided the
marginal cost of acquiring a small amount of information is sufficiently small. Section 3.1.2 deals

with the market without insider traders.
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3.1.1.  Insider trading

We identify necessary conditions under which no active speculator finds it optimal to deviate to a
different signal precision. Let 7. be an equilibrium precision. When all other traders choose 7. and
expect others to choose the same precision, the net expected profits of an active speculator who

chooses precision 7; equal

_ Ti(Td\h+Ta)2
H(NstaT’i;h): 2 *C('Ti). (2)
(Tapn + Ti)TapA2 (A7gn + 7e(N + 2))

The net profits, IT (N, 7., 74; k), are a concave function of 7;. Therefore, the best response to 7,
say 7; = T (T¢), is uniquely pinned down by the value of the precision 7; that satisfies the first order
condition %f{ (N, 7e,T (12);h) = 0. The equilibrium precision satisfies the fixed point, 7. = 7 (7.).
Lemma A.1 in Appendix A shows that a necessary condition for information acquisition to occur in

equilibrium (7. > 0) is
c(0)

(o

Uz‘h >C = 4/{2/3, K=

3)

That is, in equilibrium, a speculator has incentives to purchase information, provided the marginal
cost of purchasing the first bit of information (in noise units, ) is low enough, compared to the
conditional variance of the fundamentals. The constant, C in (3) (or, equivalently, k), plays a key
role in the paper. Furthermore, note that C is independent of N. As explained, inequality (3) is,
then, a necessary condition for information acquisition to occur in equilibrium. When it holds, the
equilibrium precision given N is uniquely pinned down by the first order conditions evaluated in
equilibrium (see Eq. (A.5) in Appendix A).

Next, we need to ascertain that there are no inactive traders left with an incentive to deviate
from an equilibrium with N active traders. In the Appendix, we determine the expected profits for
an inactive trader who deviates by acquiring information with precision 7; and, then, by trading the
asset, Il' (N, 7., 74; h), say (see Eq. (A.6)). We find that it is always optimal for an inactive speculator
to enter the market, i.e., max,, [l' (N, 7¢, 7;; h) > 0 independent of N, provided (3) holds. Therefore,
N = N if (3) holds. If, instead, (3) does not hold, no speculators would purchase information. Lemma

A.2 in Appendix A formalizes these conclusions. We now analyze markets without insider trading.

3.1.2.  Markets without insider trading

We still search for a linear equilibrium in which the price is p2 = mg);,+A2y2 where, now, the order flow
is y2 = > ienr ¥ (8is h) + 22, and v (s, h) is, formally, the same as in (1). For given N, 7., Appendix
A provides the solution for v (s;,h) and the equilibrium coefficients. Lemma A.3 in Appendix A
contains our conclusions on information acquisition: all speculators always acquire information in

markets without insider trading, that is, N = N. By contrast, in markets with insider trading,
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speculators are incentivized to acquire information only when condition (3) holds, as explained in the
previous subsection.

The intuition for these results is as follows. In a market with an insider, prices contain information
even when the market maker expects no speculator to acquire information, i.e., Ao > 0 when N = 0.
This price impact limits the profitability of a speculator who deviates and acquires information, and
condition (3) summarizes speculators’ incentives to participate. By contrast, in a market without
insider trading, the market maker considers the order flow to be pure noise when he expects no
speculator to acquire information, i.e., Ao = 0 when N = 0. But, this cannot be an equilibrium
because a speculator who deviates faces no price impact; therefore, he can make arbitrarily large

expected profits by acquiring information.

3.2.  Insider (early) trading: with and without mandatory disclosure

Assume, first, that the insider is not allowed to trade. We are assuming that speculators only trade
in the second period. Therefore, in the first period, the price is just the unconditional expectation of
the fundamentals, p; = d, such that, then, O‘?q n= U?l. Next, we determine the equilibrium in markets
with insider trading, both with and without mandatory disclosure. In both cases, the equilibrium is
unique and is determined in closed form. First, we determine the insider trader’s profits expected for
time-2. In the Appendix, we explain that

(N, 73, h) = B ((d = p2)aa(d, )| = d) = (d = map)*mp, (4)
where the constant 7, equals
oz for o2, <C
20_d|h7 dlh =
Tih =19 4 (0) , (5)
1> otherwise
o
dlh

The insider’s expected profits in the second period depend on the other players’ conditional
beliefs mgjp, 03‘ - These beliefs are formed via Bayesian updating given the players’ conjectures on
the insider’s strategy in the first period. In equilibrium, these conjectures are correct. The first period

trade of the insider satisfies
z1(d) = argmax E ((J—pl)ml + (N, 72:d, h)‘ d= d) )
x1

We consider a linear equilibrium, p; = m + A1y1, where y1 = x1 + 21 is the time-1 order flow.
We conjecture and verify that, in the model without mandatory disclosure, z1 (d) = 5;(d — m); and
in the model with mandatory disclosure, x1 (d) = 8,(d — m) + n, where 7 is a zero-mean normally
distributed random variable, with variance a% determined in equilibrium (mixed strategy). Relying
on the description in Section 3.1, we have that, in the market without disclosure, h = y; and therefore
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M|y, = P1; by contrast, in the market with disclosure requirements, h = 1 such that mg),, = m+yx.
Lemma A.4 in the Appendix shows that there is a unique equilibrium. The proof provides the
equilibrium expressions for the coeflicients (31, A1,7, and the variance 0'% and, finally, the conditional

fundamental variances across periods for both disclosure regimes.

4. Main results: market quality trade-offs

We are now in a position to characterize price efficiency and market liquidity across alternative reg-
ulatory regimes. We make our main conclusions based on the assumption that N = co. Remarkably,
this assumption enables us to illustrate our findings analytically, despite the complexity underlying
the process of endogenous information acquisition underlying our model. We begin by analyzing
a benchmark case in which investors’ information is exogenous (Section 4.1). The remaining parts
of this section contain the predictions of our endogenous information acquisition model against this
benchmark regarding market efficiency and liquidity conditions across regulatory regimes (Section
4.2). Section 4.3 contains results that help interpret our main conclusions. Section 4.4 discusses the
model predictions in markets with a finite number of speculators.

4.1. A benchmark with exogenous information

To clarify the role of information crowding-out in our model, it is instructive to consider a benchmark
in which the information available to speculators is fixed. The following proposition compares price
informativeness and liquidity across regulatory regimes in this benchmark. We define price informa-
tiveness as the reciprocal of conditional uncertainty in the second period, var (d| h,y2), and we define
liquidity as the reciprocal of the price impact parameter in the second period, As.

Proposition 1. (Exogenous information benchmark.) Consider a large market, and define 6 =
limytoo N7o. Then, for fized 0:

(i) (Price informativeness.)

(i-a) Prices are the least informative with insider trading bans.

(i-b) A regulatory regime with mandatory disclosure of insider trades leads to more informative

prices compared to an unrequlated market.

(ii) (Liquidity.) Let X5, A5* and Ny denote the price impacts in the markets in which insider trading
is, (i) prohibited, (ii) requlated with mandatory disclosure, and (iii) left unrequlated. Then,

(ii-a) AY > AT,
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(ii-b) There exist positive constants sm < Sy, which depend on 0, such that: X5 > \J' if and
only if 02> spm; and Xo > Ny if and only if o2 > s,.

Part (i-a) of this proposition explains that prohibiting insider trading leads to the least informative
market. Intuitively, insider trading contributes directly to price discovery across both trading periods.
Therefore, by fixing the amount of information held by the speculators, 6, the price becomes more
informative with the presence of an insider. Part (i-b) shows, instead, that a more mitigated form
of regulation (mandatory disclosure) improves price efficiency compared to the unregulated market:
this conclusion generalizes the two-period version of HHL model, in which 6 = 0.

Part (ii) uncovers liquidity conditions across regulatory regimes. Part (ii-a) says that liquidity is
better in the market with mandatory disclosure than in the unregulated market and, hence, generalizes
the two-period version of the HHL model too. Part (ii-b), then, tells us that, provided uncertainty is
large enough (0(21 > $m), liquidity worsens while requiring a stricter regulatory regime than mandatory
disclosure. If uncertainty reaches a higher threshold (0’3 > $y), prohibiting insider trading would make
liquidity conditions even worse than in the unregulated regime. Only when uncertainty is low, would
liquidity be the best with a complete ban on insider trading. The intuition underlying these properties
is the following. When JZ and, hence, the speculators’ signal-to-noise ratio, is small, so is the price
impact of the speculators’ trade. By contrast, the price impact of the insider’s trade is such that
Aoy — % even when JZ — 0. Thus, the market maker supplies less liquidity in the market with
insider trading when the asset fundamentals is small. As 03 increases, liquidity deteriorates. However,
it deteriorates faster in the market with insider trading bans (due to a lower trading aggressiveness)
than in the market with the insider.

In our model, the amount of information available to speculators, 6, is endogenous, and we now

show that the conclusions of Proposition 1 are largely overturned as a result.

4.2.  Insider trading regulation with endogenous information

4.2.1.  Price informativeness

We begin by formalizing the reasoning underlying Figure 1 in the Introduction. The next theorem
provides exact details on the threshold in that figure.

Theorem 1. (Price informativeness.) For given o, and ¢'(0), we can partition the values of o2

in the following four regions:

R1. 03 > 2C (Highly uncertain markets). Prices are the most informative with insider trading bans.
In a market with insider trading, price informativeness is the same with and without mandatory

disclosure of insider trades.
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R2. 0% € [aC,2C), a ~ 1.817120 (High/moderate uncertainty). Prices are still the most informative
with insider trading bans. In markets with insider trading, prices are more informative with

than without mandatory disclosure.

R3. 0% € [BC,aC), B ~ 1.254308 (Low/moderate uncertainty). Prices are the most informative when
insider trading is requlated with mandatory disclosure. Prices are more informative in markets

with insider trading bans than in unrequlated markets.

R4. 02 € (0,8C) (Low uncertainty). Markets with insider trading bans result in the less informative

prices. Prices are the most informative with mandatory disclosure of insider trading.

As uncertainty increases, more stringent regulatory requirements ensure the most informationally
efficient markets. There are two forces at play. The first force is direct: insider trading obviously
contributes to price discovery through information incorporated in the asset price, just as in the
benchmark case with exogenous information (see Proposition 1). The second force is indirect: insider
trading discourages information acquisition by the outsiders, leading to lower informed trading by
the speculators. The two forces act in opposite directions. The first effect dominates when 03 is low,
whereas the second effect dominates when Ufl is high.

Consider the following limiting examples. Let g, (resp. g,,) denote the long-term uncertainty in
Figure 1, resulting when insider trading is unregulated (resp., regulated with mandatory disclosure),
relative to when is banned. We can show that limgiﬂo 0, ~ 0.35 and limagﬂo 0,, = 0.25. Intuitively,
when 03 is very small, speculators’ incentives to acquire information vanish, whereas the insider
trades on perfect information. As a result, the first effect dominates. Next, consider larger values of
uncertainty. Speculators’ incentives to acquire information increase with uncertainty, and, crucially,
they increase faster when speculators do not compete with the insider. As a result, the indirect
effect eventually dominates as uncertainty increases: p, > 1 for 6% > C and p,, > 1 for 02 > aC
(Theorem 1). Finally, as uncertainty grows large, speculators as a whole trade more and more
aggressively on their information, and, in response, the insider scales back his trading aggressiveness
(limaiﬂoo By = 0). As a result, the markets with and without insider trading converge in the limiting
1.

Thus, markets in the current U.S. regulatory regime (post-trade transparency of insiders) are the

case, and irrespective of post-trade regulatory details, limaﬁHOO 0y = limaz_>Oo O =

most informative when the initial uncertainty 03 is relatively small, as in Regions R4 and R3 of Figure
1. In these regions, prohibiting insider trading does not still provide speculators with incentives to
purchase large enough amounts of information. Removing information crowding-out effects leads to
small efficiency gains: therefore, market efficiency is the best when insider trading is regulated with
post-trade transparency. However, as 03 increases (see Regions R2 and R1 of Figure 1), speculators
are more incentivized to purchase information: removing information crowding-out effects by means
of insider trading bans results in the most informative prices. We now connect these conclusions to

the effects of a change in the information technology.
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4.2.2.  Information technology

Note that Figure 1 relies on the assumption that the marginal cost of the first unit of information is
half noise units, k =  (see Eq. (3) in Section 3). Figure 3 identifies the four regimes of Theorem
1 for all combinations of 03 and k. First, and consistent with previous explanations, markets that
belong to Region R4 would then belong Regions R3, R2 and R1 as uncertainty increases, and for a
given k. Next, consider a given level of uncertainty, 03. When information acquisition is expensive,
speculators acquire a small amount of information without insider trading. In this case, regulating
insider trading through mandatory disclosure results in more efficient prices (Regions R4, R3). As
information becomes less costly and x decreases, speculators acquire a large amount of information
without the insider. In this case, information crowding effects are severe, and a ban on insider trading

eliminates its undesirable effects on price efficiency (Regions R2, R1).
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F1GURE 3. Regimes of information efficiency. This picture depict,s the four regions of market
efficiency of Theorem 1, obtained by varying levels of 0% and xk = CU(S), the normalized marginal
cost of the initial bit of information (see Eq. (3)). In all markets, there is a large pool of investors
that engage in costly information acquisition.

These conclusions are at the heart of one additional policy recommendation that emanates from
our analysis. With the advent of new information technologies (as, for example, with big data

analytics), the marginal costs of information have obviously decreased for any level of information
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accuracy. In terms of Figure 3, for any given level 03, combinations of points in Region R4, say, move
down to Regions R3, R2 and R1 as x lowers, as explained. Thus, unless uncertainty on asset payoffs
is really very low (to illustrate, 0% = 1 in Figure 3), and information acquisition is already very
limited to start with, a vast progress in information technology calls for regulating insider trading
either through disclosure (Region R3) or by a complete ban (Regions R2 and R1).

4.2.8.  Liquidity

How do regulatory regimes affect liquidity conditions? The next theorem contains our model predic-

tions resulting under alternative regulatory regimes:

Theorem 2. (Liquidity.) Let X5, \J* and \§ be as in Proposition 1. We have Ny < \J* < \y.
Moreover, there exists only one value of initial uncertainty, o = 6C, § ~ 0.793701, for which the

market with mandatory disclosure is as liquid as the market without insider trading, Ny = \J'.

A market without insider trading is always the most liquid. Figure 4 depicts the price impacts
across all regulatory regimes. Consider the following limiting cases. When insider trading is prohib-
ited, and 03 is small, speculators collect limited amounts of information and the order flow is not
very informative as a result. In the limit as a?l — 0, the order flow becomes pure noise without
the insider. By contrast, the order flow is more informative when the insider trades, even for small
values of 03. Using the expressions of the price impacts provided in the proof of Theorem 2, we
can show that, in the limit, lim,2 o A3/Ay = limga o AS/A3" = 0. As o2 increases, speculators as a
whole acquire more information and trade more aggressively on it. Their information acquisition and
trading aggressiveness increase faster without the insider, and the market maker reacts by scaling
down Ag compared to the market with the insider.

Thus, when O'?I is low, the order flow is more informative in the market with insider; however, as 03
increases, speculators collect more information and trade more aggressively without the insider. As
it turns out, there exists a level of uncertainty (i.e., 03 = JC) such that these two forces compensate
and market liquidity is the same in the market without insider and with insider trading subject
to disclosure. In the limiting case, limg(zi_wo N /Ay = lim N /A5' = 1: the insider’s trading
aggressiveness vanishes as 03 — 00, and liquidity conditions becomes the same in the markets with

2
04300

and without insider trading. Note that, when information is exogenously fixed, liquidity deteriorates
in markets without insider trading for large 0% (see Proposition 1). Our model predicts liquidity is
better in markets without insiders even for large 03, as speculators are “revealing their types” by

trading very aggressively in this case.
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FIGURE 4. Long-term liquidity across regulatory regimes. This picture depicts market liquidity
at time-2, A9, as a function of the uncertainty of fundamentals in three regulatory regimes: (i)
without insider trading (black line), (ii) with insider trading but mandatory disclosure (red, dot-
dashed line), and (iii) with insider trading and without mandatory disclosure (blue, dashed line).
In all markets, there is a large pool of investors that engage in costly information acquisition, and
parameter values are as in the legend of Figure 1.

4.8.  Inspecting the mechanism: information acquisition in large markets

We provide intuition on our main conclusions. The next proposition provides results on information
acquisition, price discovery, and price impacts with and without the insider while taking as given the
information set F; (and, hence, the conditional price uncertainty, a?” ,, at the beginning of time-2 in
Figure 2). Note, however, that this subsection contains results of independent interest, as F; may be
given alternative content than that in this paper.

We show that the precision acquired by each speculator vanishes in the limit, limg_, 7. =
0. However, the total amount of acquired information, N7., the price impact parameter, A2, and
conditional uncertainty, var (d| h,ys), all have finite limits when the marginal cost of the first bit of

information is strictly positive, ¢’ (0) > 0. We have:

Proposition 2. (Limiting markets and irrelevance.) Assume that ¢’ (0) > 0. Then:

(i) In the market with insider trading:
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(a) If condition (3) does not hold, then no speculator acquires information, and

_ Loap
2 o,

1
A2 , war (d|h,y2) = §U§|h;

(b) If condition (3) holds, then all N speculators become informed. As N — oo,

_ 1 1
lim N7, =4 (C_l *U;‘i) , lim A= *\FC’ lim war (d| h,ys) = §C§

N—oo N—oo Oz N—oo

(ii) In the market without insider trading, all N speculators become informed. As N — 0o,

3
lim N7.=¢, lim X\ = 1(1)\@ ,  lim war (d| h,y2) = 1\/@\@3,

N—oo N—oo 8 (o N—oo 4

where ¢ is solution to

(2052 +0) VovC =3,

Proposition 2 provides a neat analytical framework, which we can base on and analyze a number
of markets with a large pool of speculators. Theorems 1 and 2 in the previous section build precisely
on this proposition while identifying the precise equilibrium values for the initial uncertainty 03‘ ,, that
correspond to alternative regulatory regimes with information disclosure requirements and trading
bans (see Appendix B). However, it is instructive to discuss the implications of Proposition 2 for a
given U?” b

First, and intuitively, the limiting amount of total information acquired in both markets increases
with 03‘ ;, and decreases with C, or, equivalently, with r, the marginal cost of the first bit of information
per unit of noise trading. Second, Proposition 2 contains an irrelevance result: when the insider is
allowed to trade, as in the current regulatory requirements, the price impact, As, and conditional
uncertainty, var (d| h,ys), are independent of 03‘ ,- That is, in large markets, and as long as condition
(3) holds in equilibrium, trading disclosure requirements do not affect price discovery or liquidity
conditions. Figure 1 in the Introduction and Figure 4 in Section 4.2 illustrate this property. The
striking conclusion is that Ae and var (d| h,y2) only depend on C, and in an intuitive way: the higher
C, the lower the information precision acquired by the speculators, implying higher adverse selection
costs and lower price discovery. We can show that, in the market without insider trading, As and
var (d| h,yz) both increase with Ug‘h, that var (d| h,y2) increases with C and, finally, that Ay first
increases and then decreases with C.

Finally, note that Proposition 2 relies on the assumption that ¢’ (0) > 0. This assumption can be
micro-founded with discrete sampling with a constant cost per observation in the limit where the cost
and the precision of each observation become small (see, e.g., Han and Sangiorgi, 2018). If, instead,
the marginal cost of a small amount of information is zero, ¢ (0) = 0, it is straightforward to verify
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that the price becomes fully informative in the limit as N — oo. Our analysis shows that assuming
¢ (0) = 0 has strong implications in large markets.’
How does the presence of the insider affect market quality in more detail? The next result follows

by Proposition 2:

Corollary 1. (Crowding-out, price discovery and liquidity.) Under the same assumptions of

Proposition 2, and for a given value of Jfl'h, in the market with insider trading:

(i) Speculators acquire less information than in the market without insider trading;
(ii) wvar (d| h,ys2) is higher than in the market without insider trading if and only if J?i'h > 0.793701C;

(iii) A2 is always higher than in the market without insider trading.

Part (i) of this corollary tells us that competition with the insider in the second-period crowds out
speculators’ information acquisition. This information crowding-out leads to reduced price discovery
(Part (ii)), provided fundamental uncertainty is sufficiently high. This contemporaneous effect of
insider trading on price efficiency contrasts with the effect of insider trading over multiple periods.
Indeed, comparing Theorem 1 with Corollary 1 shows that the net effects of an early trade of the
insider are positive: with one additional trading period, it takes larger values of uncertainty before
insider trading begins to be detrimental to price efficiency.5

Finally, liquidity always improves by banning insider trading (Part (iii)). Intuitively, it does
under the condition in Part (ii) precisely due to better price discovery. However, it also does when
uncertainty is small because, in this case, speculators’ incentives to purchase information are weak,

and the order flow is very noisy as a result.

4.4.  Markets with finite pools of investors

Our conclusions in this section regard markets with a large pool of investors. Appendix C contains
numerical results in markets with finite pools of investors, N < oo (see Figures A-1 and A-2). We
find that in these markets, price discovery and liquidity converge to those in this section when the
pool size is between N = 100 and N = 250. Furthermore, we find that N7, increases with N (results

5Precisely, in this case, we have that, regardless of whether the insider trader participates in the market,

lim N7c =00, lim A2=0, lim wvar(dh,y2)=0.
N—oo N—oo N—oo
Paradoxically, this conclusion holds even though the total amount of resources spent on information acquisition converges
to zero, limyg_,o, Nc(7:) = 0.
%The threshold values are, approximately: 0.793701C, with only one trading round (Corollary 1-(ii)); 1.254308C, with
two trading rounds in the unregulated case (Theorem 1-R3); and 1.817120C, with two trading rounds and mandatory
disclosure (Theorem 1-R2).
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are available upon request). Therefore, the smaller N, the smaller the total amount of information
acquired by speculators. Furthermore, competition amongst speculators becomes less fierce as N
decreases. Accordingly, informational efficiency benefits from insider trading bans when afl is high,
provided N is sufficiently large. In small markets, that is, where the number of potential speculators
is small, regulating insider trading with mandatory disclosure leads to the most informative prices.
However, and except for very small values of N, our conclusions regarding market liquidity remain

largely unaffected in markets with a finite pool of speculators.

5. Discussion

Regulating insider trading is an old and still quite active topic of debate. For example, insider trad-
ing is simply prohibited in countries such as Switzerland, where it has long been debated (see, e.g.,
Alexander, 2013) and is currently treated both as a criminal offence and a violation of public adminis-
trative law (Arts. 154 and 142 of Financial Market Infrastructure Act, respectively). This debate does
not uniquely involve insiders of a firm. It may also regard outside investors, brokers or individuals,
who might gain access to material nonpublic information (MNPI) of corporations and governments.
Only in December 2019, the House of Representatives passed a bill (the “Insider Trading Prohibition
Act”) that would have reinforced rules on insider trading based on MNPI. The bill, however, was
never passed by the Senate. Likewise, in the wake of the global financial crisis of the 2007-2009,
it became known that Congressmen were trading on MNPI on risks of the global financial system,
which they had garnered through confidential meetings. In 2012, U.S. legislation incorporated the
STOCK (Stop Trading on Congressional Knowledge) Act, which was designed to prohibit members
and employees of the Congress to trade on information gathered by means of their business. Yet, in
2013, the STOCK Act was partially lifted by loosening some of the financial disclosure requirements
regarding some officials.

Therefore, insider trading regulation is very fluid, and subject to new legislative initiatives, amend-
ments and vivid policy discussions. Our analysis focusses on uncertainty around a single asset, but is
suggestive of a clear message. When uncertainty around asset markets is very high, as during periods
of financial distress, insider trading should be banned: in these markets, information acquisition is
particularly strong, but it could be discouraged by the presence of insider traders. Instead, regulating
insider trading through mandatory disclosure should help improve price discovery in markets with
lower uncertainty: when uncertainty is low, information acquisition is plausibly very limited, and so
should be the damage made by information crowding-out effects.

These effects seem to be particularly relevant in the information age. For example, Andrei,
Friedman and Ozel (2020) provide strong empirical evidence that periods of higher uncertainty lead
investors to intensify their searches for information, as measured by queries through the SEC EDGAR
(Electronic Data Gathering, Analysis, and Retrieval) system: uncertainty crowds-in investors’ search

for information. In terms of our model, lower information costs decrease the threshold C in (3) that
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triggers information crowding-out. More generally, the progress in information technology seems to
have affected many areas of signal generation, such as the history of trades by politicians.”

Insider trading can be regulated throughout other models, in addition to those explicitly discussed
so far. For example, insiders may be required to disclose all price-sensitive information they acquire
within their corporation, as per E.U. law: Art. 17 of the Market Abuse Regulation (also “onshored”
into U.K. law on December 31, 2020) requires listed corporations to inform the public as soon as
possible of inside information, that is, information that has the potential to affect asset prices (Art.
7), or material information. While U.S. legislation focusses on mandatory disclosure of insider trades
(see the Introduction), many stock exchanges include timely disclosure of material information (see,
e.g., Section 202.05 of NYSE Listed Company Manual: “Timely Disclosure of Material News Devel-
opments”).8 In terms of our model, these rules would act as if the insider were required to provide
the market with a signal on his private information (i.e., the dividend in this paper), which would
reduce the initial uncertainty on the asset payoff. Our analysis suggests that this type of corporate
transparency has strong effects on price efficiency when uncertainty is low, but that these effects are
less obvious when uncertainty is high (see Figure 1). The mechanism is the following: we have shown
that information acquisition is particularly strong when uncertainty is high; thus, reducing uncer-
tainty does not lead to sizeable efficiency improvements in this case. However, our analysis suggests
that certain “policy-mix” initiatives may lead to such improvements. In particular, when uncertainty
is elevated, and markets fall in Region R1 (say), trading bans lead to the most informative markets.
Now, requiring the insider to ex ante disclosure of his information may cause markets to fall in Re-
gion R3, where the most efficient regime is achieved throughout mandatory disclosure. Therefore, ex
ante disclosure of information and mandatory disclosure of insider trades may well be complementary
policy actions. (These actions will, of course, also lead to improved market liquidity.)

Finally, quite often do debates list pros and cons regarding the presence of insider trading. Insider
trading advocates explain that it allows for nonpublic information to be impounded in asset prices,
thereby making markets more efficient. However, this paper shows that this line of reasoning is
incomplete: when the information of the price system is determined endogenously, market behave
quite differently according to whether insider trading is banned or not. More precisely, market
efficiency benefits from insider trading when information is fixed (see Proposition 1), but it may
deteriorate when investors do proactively collect information, unless insider trading is not properly
regulated (see Theorem 1). Finally, too often do these debates mention that insider trading is “unfair,”
as it allows better informed individuals to make profits to the expense of non-informed investors. Our
paper does indeed point to one related potential difficulty: liquidity. Liquidity would always improve
by banning insider trading (See Theorem 2), thereby avoiding losses to investors who trade based on

diversification motives.

"For example, “Smart Insider Ltd” (https://www.smartinsider.com), a U.K. company that specializes in data
provision, delivers granular information regarding firms’ events (such as directors’ changes) but also details on trades
made by U.S. politicians.

$Ventoruzzo (2015) provides a comparison of the U.S. and E.U. insider trading regulations.
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6. Conclusion

How should insider trading be regulated? The main conclusion of this paper is that a “one-size-
fits-all” regulation is not a suitable approach. We have explained that different legislations have
adopted different regulatory models, from mandatory disclosure (the current approach in the U.S.)
to ex ante corporate disclosure of price-sensitive information (in the E.U. and the U.K.), or a straight
ban (in Switzerland). Why do these approaches differ? Historical reasons do undoubtedly underlie
the emergence of such models. The focus of our paper is to provide the economic rationale for the
most appropriate regulatory model in light of the main features of the market under scrutiny and the
objectives of the regulator.

Insider trading should always be regulated. But regulatory treatments should be particularly
strict when market uncertainty (i.e., the insider’s informational advantage) is high or information
technology is efficient. In these cases, banning insider trading would encourage outside investors
to purchase information and render the market informationally more efficient. When uncertainty is
low, or information technology is more expensive, more mitigated forms of regulations (mandatory
disclosure of insider trades) seem more suitable for the purpose of enhancing informational efficiency.
Interestingly, a complete ban on insider trading always leads to the most liquid market. Finally,
regulatory models can be complements. Most notably, in markets with elevated uncertainty, regulat-
ing insider trading through ex ante corporate disclosure and post-trade transparency proves to be a
“policy mix” for the purpose of improving both informational efficiency and market liquidity.
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Appendix

This appendix is organized as follows. Appendix A provides all proofs regarding the equilibrium with endoge-
nous information acquisition in markets with insider trading (with and without trading disclosure requirements)
and without. Appendix B contains the proofs of the core results in the paper. Appendix C provides numerical
results on market efficiency and liquidity in the case of a finite number of speculators.

A. Proofs for Section 3

First, we consider the market with insider trading of Section 3.1.1. We derive equilibrium coefficients, condi-
tions for an equilibrium with endogenous information acquisition (Lemma A.1) and, finally, a statement that
summarizes the properties of the equilibrium in this market (Lemma A.2).

Equilibrium coefficients. By standard derivations, we find that the equilibrium coefficients for a given
information structure are

1 2Tqn + Te

fa = Ao 47y, + 7o (N +2)
b, = Tt

* T Nt (N+2) (A1)
\ oaih /Crap +7)2 + 7 N(Tapn +7¢)

, =

o 47 +7(N +2)
and the variance of the fundamental conditional on y, is

2Tqn + Te

d|y2, h) = o> : A2
var(dlyz, h) = oq, 47 +(2+ N)7e (A-2)
Finally, the insider trader’s expected profits equal
5 5 = (d — mgyp)? 27 g + 7Te 2
IIy(N,7.;d,h) = E d— d— d=d,h) = , A3
2( 7T ) (ﬂ?( mdlh)( p2)| ) AQ 4Td|h+TE(N+2) ( )

and the speculator’s (gross) expected profits are

Te (Td|h +7_6)
7—d|h/\2 (47d\h —+ TE(N + 2))2

II(N,7c;h) = E (ﬁs (si — mapn) (J*P2)|h) =

Lemma A.1. (Information acquisition.) There exists an equilibrium with information acquisition only if
inequality (3) holds.

Proof.  Consider the first order conditions for any speculator’s information acquisition problem,

8?1_1:[ (N, 7,7 (1) ; h) = 0. The solution, 7, = T (7.), satisfies

(Tan + 75)2
(Td|h + T(TE))Q A2 (47—d|h +7(N + 2))

5 = (T (1))
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In equilibrium, 7. = 7 (7.), leaving

1

N (dran + (N + 2))2 = (1e). (A.4)

By replacing the expression of As in (A.1), the equilibrium precision satisfies

0.
oaqny/Cran +7e)? + TeN(Tapn + 7<) (47'd|h + 7 (N +2

) = (o). (A.5)

Because the L.H.S. of Eq. (A.5) is strictly decreasing in 7., whereas the R.H.S. is increasing, (3) is a necessary
condition that ensures that 7. > 0. W

The next lemma summarizes the properties of the equilibrium with information acquisition and insider
trading.

Lemma A.2. (Equilibrium with insider trading.) Assume that, conditional on public information at the
information acquisition stage, the dividend is normally distributed with variance U?i'h. Then: either 0(21|h <C,
and no speculator acquires information; or ngh > C, and all N speculators acquire information. In the latter
case, the equilibrium signal precision acquired by speculators, T., is the unique solution to Eq. (A.5).

Note that Lemma A.2 applies to the one-period Kyle (1985) model in which one informed insider competes
with N speculators who can acquire information and 03 , 1s the dividend prior uncertainty. In our paper, az‘h
depends on the insider’s trading strategy in first period, and is determined in equilibrium.

Proof. Consider the expected net profits for an idle but would-be active speculator who deviates by acquiring
information with precision 7; and, then, trades the asset. They are

— T (QTd\Ir,"‘Ts)Q
II'(N,7c,7i;h) = —c(1i), (A.6)

2
4(7_d\h + Ti)Td‘h)\Q (47',1‘;1 + TE(N + 2))

a concave function of 7;. The first order conditions for this trader, %l:[' (N, 7c,7i;h) =0, lead to

2 2
D + 7 2+ 7
Tapn +7) ! - Lrantre) o, (A7)

¢ (i) = ( 2 7 =
(QTd‘h-i-QTi) )\2 (4Td‘h+T€(N+2)) (QTd‘h-i-QTi)

where the second equality follows by (A.4). Because ¢ (0) = 0, this inactive trader has no incentives to enter if
he optimally chooses 7; = 0, which he does under the following condition

2
Wd (1) < ¢(0). (A.8)

Since the cost function is weakly convex, this inequality cannot hold for 7. > 0. Therefore, all speculators, N,
enter, under the condition in Lemma A.1, aﬁ‘h > C. Furthermore, note that by replacing for N = 0 into (A.4),

the inequality in (A.8) reduces to Uﬁlh < C. That is, if the inequality in (3) is violated, N = 0 is indeed an
equilibrium. W

Next, we analyze the market without insider trading of Section 3.1.2. We derive equilibrium coefficients
and, then, summarize the equilibrium properties in this market (Lemma A.3).
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Equilibrium coefficients. We conjecture that the strategy of any speculator-i is linear in the signal,
v (si, h) = B, (si — md‘h). By standard derivations, we find that the equilibrium coefficients are

1 - o TeN(Tgn + Te
58 _ 1 T R V- d|h ( dlh ) . (AQ)
A2 \27gjp +7(N + 1) 0. 2Tgp +7(N +1)
Furthermore, the variance of the fundamental conditional on second period order flow equals
2Tqn + Te
var(d|h, =02 , A.10
( ‘ yQ) d|h 2Td|h + TE(N I 1) ( )

and the traders’ gross expected profits equal

Te (Td\h+75)
Td\h)‘Q (2Td|h + TE(N + 1))2

II(N,7c;h) = E [ﬂs(si - md\h)(d—pzﬂh} =

The next lemma records the properties of the equilibrium with information acquisition when only specula-
tors can trade:

Lemma A.3. (Equilibrium without insider trading.) Assume that insider traders do not trade. Then,
the equilibrium with endogenous information acquisition is unique: all N speculators become informed, and the
equilibrium signal precision, T, satisfies Eq. (A.12) provided in the proof.

Proof. When all other traders choose 7., and expect others to choose the same precision, the net expected
profits of an active speculator who chooses precision 7; are

II(N,7c,7i;h) = T (Tan +T€)2
Td|h (Td\h +Ti) A2 (2Td|h —|—7’€(N—|- 1))2

- C(Ti)a

a concave function of 7;. The best response is, then, unique, and is the function 7; =7 () that satisfies the
first order conditions %H (N,7¢,7 (1) ;h) =0, that is,

(Td|h + 75)2
(Td\h + T(TE))Q )\2 (27-d|h + T&(N + 1))

5 = (T (1))

Thus, the equilibrium precision, 7. = 7 (7.), is solution to

1
Ao (2mqn + (N + 1))2

= (1.). (A.11)

By plugging in the expression of Ay in Eq. (A.9), we find that the equilibrium precision, 7., satisfies

0
Odln TEN(Td‘h +TE) (2Td|h+T5(N+1)

7= ¢ (7e). (A.12)

The L.H.S. of Eq. (A.12) is strictly decreasing in 7. and approaches infinity as 7. approaches zero; the R.H.S.
is increasing in 7. and ¢’ (0) < co. Thus, there always exists a unique 7. > 0 that solves Eq. (A.12).

Next, we determine the expected profits for an inactive trader who deviates by acquiring a signal with a
precision equal to 7; and, then, participating in the asset market. Assume, first, that the number of active
traders is N = 0. In this case, the price is obviously insensitive to the order flow, and it is immediate to show
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that any inactive trader may achieve to arbitrarily large expected profits with any positive, but limited, amount
of precision. Therefore, N = 0 cannot be an equilibrium as long as the signal precision could be acquired at a
finite cost.

Assume, now, that N > 1. The expected profits of the would-be active, but currently idle, trader, who
acquires a signal with precision 7;, are

2
_ 7 2 + £
' (N, 7,75 h) = i 2rap +7e) - —c(mi). (A.13)
4(7—d|h + Ti)Td‘h)\Q (QTd‘h +7(N + 1))

We proceed similarly as in the proof of Lemma A.2. First, the trader solves the problem max., II' (N, 7., 7;; h);
the first order conditions for this problem are

(27_d|h + 7'5)2 1
(27apn + 2740)% A, (274 + 7(N + 1))

S =d(ri). (A.14)

Since ¢ (0) = 0, this trader does not participate, provided he chooses 7; = 0, which is the case if

(QTderTs)z 1
27an)* Ay (27qn + 7 (N + 1))2
ran+7)"

= Wc (1e),

c (0) >

where the last line follows by Eq. (A.11). The inequality is impossible, due to the convexity of the cost function.

Hence, N = N, and the equilibrium precision is the unique 7. > 0 that solves Eq. (A.12). B
Finally, we provide the source for the proof of the insider trading profits in Section 3.2.

Proof of Egs. (4)-(5). Eq. (4) follows by standard derivations, and (5) follows by replacing the expressions
for the limiting variances in Part (i) of Proposition 2 in Section 4 (proven in Appendix B) into Eq. (4). W

Next, we state a preliminary result mentioned in Section 3, which we rely upon while proving the main
results in Section 4. We have:

Lemma A.4. There exists a unique linear equilibrium. Moreover, assume that N — co. We have:
(i) In the market without mandatory disclosure, there exists a constant xo = 0.307979 such that:
(i-a) For 0% < (1—mz0)"'C,
2 2 2 1 2
Oy = 0a(l = 20),  Ohpyy = 5(1 —x9)og, ¢=0.
(i-b) For o2 > (1 — )" 'C, U<21|y1 is the unique solution in (103,03) to

_ 1 _ _
O'i‘yl (1 +o3C 3(203‘111 - 03)2) =02 and Uilyhyz = §C, p=4 (C 1 O'd‘zl) .

(ii) In the market with mandatory disclosure:
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(ii-a) For 02 < 2C,
1
2 _ 15 2 _ L1 _
Odley = 5% Odjarge = 70dr ¢ =

(ii-b) For o% > 2C, U<21|wl is the unique solution to
2 -3 6 2, 2 1 -1_ -2
Ol (1 +C 04, ) =03 and oy, ., = §C, p=4(C"" — ad‘wl) .

Proof. Part (i) First, we determine equilibrium coefficients. By standard derivations, we find that

1— 2\ 7, 2
TR W 1 W R T B %) (A.15)

= —7 ) g
1 2M1 (1 = M7y, ) ! 036% + 02 dly:

This system can be reduced to the following equation

2 2 Ud‘yl 2 2
oq=20y,, (1 - Ty, o 04~ Oy, |- (A.16)

We prove Part (i-a). We conjecture that ofl‘yl < C, which implies 7|, = 20‘7’; by Eq. (5). Define x = A\ 54,
[ Y1
such that Uf”yl = (1 —z)o?. Eq. (A.16) simplifies to

1=(1-2)2 - va). (A.17)

The system (A.15) implies x € (0, %), so Eq. (A.17) has a unique solution, equal to zg & 0.307979. Therefore,
the initial conjecture O’Z‘yl < C is verified for (1—z0)o? < C or, equivalently, 0% < (1—z0)~'C. By Lemma A.2,

no speculator acquires information for O’Zlyl < C. Hence, ¢ = 0. Finally, the result that 03|yl7y2 = %(1 = mo)az

follows by noting that, in this case, the model can be interpreted as the standard one-period Kyle (1985) model
with beginning of period variance equal to

oy, = (1 —x0) 0F, (A.18)

which proves Part (i-a).

To prove Part (i-b), we conjecture, instead, that 03|y1 > C, in which case 7, =4 C;(O) by Eq. (5). Then
Eq. (A.16) can be rearranged as

o2 =0, (1 + 0303202, — 03)2) . (A.19)

Because, again, z = A3, € (0,3), then, O’?Zlyl € (30%,02%). Therefore, the R.H.S. of Eq. (A.19) is strictly
increasing in Uilyl and has a unique solution for ai‘yl in (303,02). Eq. (A.19) also implies that this solution

is increasing in o3. Letting 02 = (1 — x9)~'C, where z( is defined above as the solution to Eq. (A.17), it is

immediate to verify that Eq. (A.19) is solved by U?i'yl = C. Hence, Ui‘yl > Cifand only if 0% > (1—z0)~'C. The
expressions in the proposition for afl\yhyz and ¢ follow from Proposition 2 in Section 4.3 (proven in Appendix
B).

Part (i1). The equilibrium coefficients are determined as follows. First, define v as the slope coefficient of
the expected dividend conditional upon x1,

M|z, = M+ YT1.
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Standard derivations lead to the following system

1 =290y M1 = ViTley, M1 = 73f1 v = il o2 =031 —B17) (A.20)
‘117 1 ‘117 Ugﬂ? + 0'%] + 0’5’ 0'3/8% + 0_%7 dlxl d 1

The system (A.20) can be reduced to
2
UZ
2 T (A.21)
z1

2 —
O.dlwl =0

Next, we prove Part (ii-a). We conjecture that 05\@'1 <C, such that 7|, = 202711 by Eq. (5). We still have
that o3, = (1 — =)o, for x =75;. Eq. (A.21) simplifies to

1
2 2
Ud\wl = §Ud' (A22)
Since we assumed aill_ < C, it must be 03 < 2C. By Lemma A.2, for o3, = < C, no speculator acquires
1 |1
information. Hence, ¢ = 0. Finally, O’Z‘ P %03 follows because, and similarly as in Part (i-a), the model

can be interpreted as the one-period Kyle (1985) model with beginning of period variance equal to O-Ellxl = %0’3.

This proves part (ii-a).
To prove Part (ii-b), we conjecture ‘73\11 > C, so that ), = 4= 9) by Eq. (5). In this case, Eq. (A.21)
[z

T
%4

can be rearranged as
0% = Uczllxl + C*3a§|wl. (A.23)

Eq. (A.23) has a unique solution for U?lel, which is increasing in o2. Letting 0% = 2C, Eq. (A.23) is solved by
crfllgc1 = C. Hence, o’élwl > C if and only if 02 > 2C. The expressions in the proposition for 0.3'131 4, and ¢ follow
from Proposition 2 in Section 4.3 (proven in Appendix B). W

B. Proofs for Section 4

This appendix contains the proofs of the main results of the paper. First, we provide the proof of Proposition
1 in Section 4.1.

Proof of Proposition 1. Part (i-a). For a fixed Ui‘h, N, and 7, it is immediate to verify that var(d|ya, h)
with the insider in Eq. (A.2) is strictly lower than var(d|ys, h) in Eq. (A.10) without the insider. Since
var(d|ys, h) is increasing in Uﬁl ,, and, with the insider, Uft\h < o2, it follows that the market without the insider
has the highest var(d|ys, h) for all N, 7..

Part (i-b). Next, we prove that the market with mandatory disclosure has more informative prices than
the unregulated market. Using Egs. (A.1)-(A.3), and fixing 6 = lim o N7, the expression for the insider’s
expected profits in the second period satisfies

]%l%n HQ(Na Tes d7 h) = (d - md|h)27_r\ha

where 1
Rp = 7= . (A.24)

3
0d|h (4 + 90—3|h> ’

In the unregulated regime we have h = y;. Using the expressions (A.15)-(A.16) in the proof of Lemma A.4
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together with Eq. (A.24) we have that, in the unregulated regime,
UZ\yl = Ua2i (1 - IEu)

where x,, € (0,1) solves g (z,,) = 0, and

gl<x>=2<1—x>(1— e 3>_1.
(4+903 (1—-2x))2

Note that g; is decreasing in x and such that g; (0) = 1, g1 (1) = —1. Since g1 (1/2) < 0 for all § > 0, we

conclude that z,, < 1/2.

With mandatory disclosure, we have h = x;. Using the expression (A.20)-(A.21) in the proof of Lemma

A4 together with (A.24) we have that, in the mandatory disclosure regime,

where x,,, € (0,1) solves g3 (x,,) = 0, and

(8+003)3

Now, g, is increasing in « and such that g, (0) = — (4 + 903)3, g2 (1) = 64. Since go (1/2) = 32 — ~—5

<0

for all & > 0, we conclude that z,, > 1/2. Therefore, agl , 1s greater in the unregulated regime than in the

mandatory disclosure regime.
Part (ii). By Eq. (A.9) we have that, without the insider,

N
lim A= —
Ngnoo 27 6.(214+6)

By Eq. (A.1) and by the proof of Part (i) of this proposition we have that, in the market with the insider,

; 1
lim M) = ———— forj e {d,u},
P e A
1 1

where «,, = o

in the mandatory disclosure regime and a, = 7=, —, in the unregulated regime. Since

0 < xy < Ty, < 1, then o, > a, > 1. Therefore, it is immediate that Ag"> A5'. This proves Part (ii-a) of the

proposition.
For the proof of Part (ii-b), we directly compare A5 with \j. First, we find that

1
lim \) = lim A\ =

T4—0 T4a—0 o \/é ’

Second, we find that

0 \p B 2 o 2, O
aTd ? Ta=0 93/2 93/2 aTd 2 Tq=0
Third, we have that
)\P
lim =2 =0.

Td—0Q )\72J‘

Finally, straightforward calculations show that

=X\ <71i=(a,—1)0.
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Eqgs. (A.25)-(A.28) imply that Ay > Ay < 74 < 0 (ay, — 1). Since 74 = 0%, setting s, = ﬁ yields the

statement in the proposition. The derivation for A5" is identical and is omitted. Since ay, > av,, then s, > sp,.
|

Next, we prove Theorems 1 and 2 in Section 4.2.

Proof of Theorem 1. First, we determine price informativeness in markets with insider trading across
alternative disclosure regimes. For 02 > 2C, Proposition 2 (Part (i)) implies that, regardless of the disclosure

regime, price informativeness in the second period is — L = 2C7! For (1 -z0)7IC < 0% < 2C, where
dlh,y2

(1 — )1 ~ 1.445043, Lemma A.4 (Part (i-b) and Part (ii-a)) implies that price informativeness equals 2C~2
without mandatory disclosure and 40{;2 with mandatory disclosure. Since 02 < 2C, prices are more informative
in a regime with mandatory disclosure than without. Finally, consider the case 03 < (1 —29)7'C. Lemma
A.4 (Part (i-a) and Part (ii-a)) now implies that price informativeness is 2(1 — z¢) ‘o, * ~ 2.8900860,7 in a
market without mandatory disclosure and 40;2 in a market with mandatory disclosure. Therefore, prices are
more informative in the market with disclosure than without.

Next, we compare price informativeness in the market with insider with that in the market without. In a
market without insider trading, Proposition 2 (Part (ii)) implies that

—1
! )2(31“”3) ot 1o (A.29)

var (d|ys

where ¢ is solution to

F(6) = (2072 + ) VoVC =8, (A.30)

Define ¢ = 4C™! — 20,2, and note that f(¢) =4C~14/4C~1 — 2052\@3 < 8. Since f (+) is strictly increasing,
then, ¢ > ¢, such that, by Eq. (A.29), price efficiency in the market without insider trading is

2, 15 -1
m > O'd + 5(]5 = QC .
Lemma A.4 (Part (i-b) and Part (ii-b)) now implies that price efficiency without insider trading is better than
with insider trading when o2 > (1 — 20)” " C (in a regime without mandatory disclosure) and when 0% > 2C
(in a regime without mandatory disclosure).

Next, we identify the threshold values of O'?l such that price informativeness is the same without and with
insider trading (with and without mandatory disclosure). We search for values of 0% such that price efficiency
in a market without insider trading is the same as price efficiency with insider trading in the regime with
mandatory disclosure (Case 1) and without (Case 2). We have already established that speculators never
buy information in both cases in the market with insider trading. Therefore, in the market with insiders, we

determine price informativeness based on Lemma A.4 (Part (ii-a)) for Case 1, and based on Lemma A.4 (Part
(i-a)) for Case 2. Instead, we rely on Eq. (A.29).

Case 1 The value of 03 that equates price efficiency in the markets with and without insider trading is
2. o 1 -2
og:0y +§¢:40d,

where the L.H.S. of the equality follows by Eq. (A.29) and the R.H.S. by Lemma A.4 (Part (ii-a)). That
is, ¢ = 6052. Replacing this value of ¢ into (A.30) leaves a unique solution, 0% = 1.817120C.
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Case 2 The threshold value of 03 now is
9o, 2, 1 -1 _—2
o0, +§¢:2(1—x0) 0%,

where zo ~ 0.307979. Proceeding similarly as in Case 1 leaves the following unique solution: ¢% =
8/ (14 20)C ~ 1.254308C.

I—Io

The proof is complete as price informativeness is continuous in afl: price informativeness is higher in the
market without insider than in the market with insider and mandatory disclosure (resp., without mandatory
disclosure) if and only if 02 > 1.817120C (resp., o2 > 1.254308C). W

Proof of Theorem 2. In the market with insider trading,

L1odgn

0%, <C
_ 2 o, d|h
=1 ] NG , . (A.31)
20, Tan >

where the first equality follows by standard results and the second follows by Proposition 2. In the market
with mandatory disclosure, ailh = 107 (see (A.22)) whereas, in the market without mandatory disclosure,
afllh = (1 — mo) 02, where ¢ ~ 0.307979 (see (A.18)). Replacing these values into (A.31) leads to the conclusion
that the price impact in the market without mandatory disclosure is higher than in the market with mandatory

disclosure: /e
v1-— _ 1VC
5 = Txo? for 0% < (1 —x9)”"C, and AY = 3o otherwise,

in the market without mandatory disclosure, and

. 1 1vC

Od 2 m .
Ay = ———, for o5 <2C, and MA5' = =—, otherwise,
> 220, ! 7 20,
in the market with mandatory disclosure. Therefore, we are left to show that the market without insider
trading is more liquid than the market with insider trading and mandatory disclosure.
Note, then, that, by Proposition 2 (Part (ii)),

v 1oV
p_ 1

- b
8 o,

where U<2i|h = 02 and, hence, ¢ : f (¢) = 8, with the function f defined as in (A.30). We claim that A5 < A}
for all values of 03 in Region R1 of Theorem 1, i.e., where speculators purchase information in the market with
mandatory disclosure. Indeed, define &) = 4C~1, such that f(q}ﬁ) = (20(;2 + 4C'_1) 2C > 8. Therefore, since f is
increasing, ¢ < &), such that

1 C 1. +VC 1+C
A= LoeYC cLgeVe _1VE
8 O 8 g, 2 0
Therefore, Ab and A" may have some values in common only in Regions R2 through R4. Let, then, ¢, (c?%)
denote the values of ¢ such that \) = %(zﬁcj:z = ﬁ% =\, ie., ¢,(02) = 21/204C73/2. Define p(0?,¢) =
f(¢) and

2(0.) = p(s71(6.),0.) = (0672 + 627) €32, a=16¢7,
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where s71(-) denotes the inverse function of ¢,(-). Note that @ achieves a minimum at ¢, = a*/3 and that
?(¢,) = 8. That is,

P(0:6.(00)) = P(¢.) =8 = ¢ (05, 9)
where the last equality follows by the definition of ¢. Now, for fixed 02, the function ¢ (03, qb) is increasing in

¢. Therefore, ¢ < ¢, (0?), with an equality for ¢, (02) = &5* Hence A} < A3 with an equality when &5* =al/3,
ie., for 02 = 6C, and & ~ 0.793701, the constant appearing in the theorem. W

Finally, we provide proofs of results in Section 4.3.

Proof of Proposition 2. Consider, first, the market with insider trading. In this case, Eq. (A.5) implies that
limy_ ., 7- = 0, and that N7. converges to the limit in Part (i) of the proposition. The limiting expressions
for Ay and var(d|ys2, h) are obtained by taking the limits of the expression for Ay and var(d|ys, h) in (A.1) and
(A.2), respectively, and using the limiting expression for 7. and N7., and the definition of C in (3).

In the market without insider, Eq. (A.12) implies that limg_,., 7. = 0. Then, by taking the limits in
Egs. (A.9) and (A.12), we find that N7. converges to a constant ¢ that is the solution to the equation provided
in Part (ii) of the proposition. Finally, the limiting expressions for Ae and var(d|yz, h) follow by calculating
the limits in (A.9) and (A.10). W

Proof of Corollary 1. Part (i) Denote ¢; = limg_ ., N7. = (respectively, ¢, = limy_, . N7.) the
limiting amount of information acquired by speculators with the insider (respectively, without the insider). By

Proposition 2, we have ¢; = max {0, 4 (C‘l — 0;@)} and ¢, is the unique real solution to G (¢5) = 0, where

G(z) = (205@ + :1:) VxV(C3 — 8. We will prove that ¢, > ¢,. Clearly, for U§|h < C, we have ¢y > ¢; = 0. For
‘73|h > C, we have that

G (¢y) = (40—1 - 205@ 4 (c—l - o;@)@ 8.

Since the R.H.S. is increasing in afllh and lim(,g”hTOo G (¢q) =0, we have G (¢,) < 0 for all afl‘h < 00. Since G
is strictly increasing, then, it must be ¢4 > ¢;.

Part (ii) By Eq. (A.2) we have that, with the insider, limyo var(dlys, h) ™! = 20;@ + ¢,/2; by Eq.
(A.10) we have that, without the insider, limpyyoo var(d|yz, h)™ = a;ﬁl + ¢5/2. Hence, Corollary 1-(ii) is

equivalent to the claim that 20;@ + ¢, < ¢y if and only if 03‘ n > First, consider the case 03‘ h <

£ £
vz V2

Since, in this case, ¢y = 0, then it is sufficient to show that 205@ > ¢,. We have

G (20;@) = 2°/2 (cr(iiC)

The R.H.S. is decreasing in U?ﬂh and is therefore minimized at G (20;@)

3/2

, o =0 Since G is increasing,
%an= 35

it follows that 20;@ > ¢,. Next, consider crfll n > %, in which case we must show that 4C~1 — 20;@ < ¢y. We

have
G (107t —202) = 22\ 2 g fC 8,

Since the R.H.S. is increasing in 07, and limgz oo G (4(,’_1 - 20;@) =0, we have G (40_1 — 20;@) < 0 for

all aﬁ‘h < 0. Since G is strictly increasing, then, it must be ¢, > 4C~! — 203@.
Part (iii) Consider first, the case Ugl 5 = C. The expressions for Ay in Proposition 1 imply that A is higher
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with the insider than without if ¢, < 4/C. Implicit differentiation of G (¢5) = 0 shows that ¢, is increasing
in 02 and that limggu 100 @2 = 4/C. Therefore, ¢, < 4/Cfor all finite values of JZ\h‘ Next, consider the case

4Jd|h

Uzl , < C. For this case, Az is higher with the insider than without if ¢, < Nk Straightforward simplifications
show that

3

(270 Coo (€0} 4ot _aetso
\Ve3 Od|h dln '

The L.H.S. in the second inequality is strictly decreasing in og, for all 0[21| n < C and is equal to zero for

ailh = C. Therefore, G (4;%”) > 0 for all U<21|h < C. Since ¢, solves G (¢,) = 0 and G is strictly increasing, it

404\n
follows that ¢4 < \/%’ . n

C. Markets with a finite number of speculators

Figures A-1 and A.2 summarize the main numerical results in markets with a finite pool of speculators, N < .
In both figures, the pool of speculators N equals 25 (top-left panel), 50 (top-right panel), 100 (bottom-left
panel), and 250 (bottom-right panel), the cost function is ¢ (7.) = 47, and o, = 1.

%3k, .
20 201

Od|Fz 05|Fz
20r 20¢
15F 15¢
"
8 0 ° 0 2 4 6 8 10 ¢

F1GURE A-1. Informational efficiency and regulatory regimes with finitely many speculators. This
picture depicts the asset payoff uncertainty as a function of the uncertainty of fundamentals in
three regulatory regimes: (i) without insider trading (black line), (ii) with insider trading but
mandatory disclosure (red, dot-dashed line), and (iii) with insider trading and without mandatory
disclosure (blue, dashed line).
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F1GURE A-2. Long-term liquidity across regulatory regimes. This picture depicts market liquidity
at time-2, A9, as a function of the uncertainty of fundamentals in three regulatory regimes: (i)
without insider trading (black line), (ii) with insider trading but mandatory disclosure (red, dot-
dashed line), and (iii) with insider trading and without mandatory disclosure (blue, dashed line).
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