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O6enopawuBate nHdopmaumja og cTpaHe ,Manux“ TproBaua
Luca Gelsomini *

AnctpakT: Y paay npukasyjeMo MOJEN CTPAaTelIKOr TProBama HHCajaepa KOjH TPryjy HEOMaKEHO U TEeXKE OCTBAPCIbY
JoIaTHOT Mpo(duTa , U MPEIaKeMO CBEOOYXBAaTHY TEOPH]y TP)KHIIHE HEAHOHMMHOCTH. J[OILIH CMO JI0 HEKOJIHMKO HOBHX
pesyarara. OHHM 3aBHCe Of1 CBOjCTaBa yTBpleHe BpeIHOCTH aKTHBE, BEPOBambha, HHTEPTEMIIOPATHIX H300pa U KapaKTepHCTHKA
MHBECTHTOpA. Y YCJIOBHMa PaBHOTEXKE, YKOJMKO je Ha CHA3H IPOIHC KOjHM Ce 3axTeBa o0elolamuBame HH(pOpManuja o
TProBamy, Te HH(MOpMaNyje MOry Ja U3a30BY IPOMEHE IIeHa. YKOIMKO 10 IUX molje, MImeKynanuje Ha 6a3 HeJOBOJHHHX
uHpopMaIHja ce jaBbajy caMo y HeKUM ciiydajeBuMa. KOHKpETHO, HHCajIepH KOju MMajy OrpaHHyYea Ha ApKame aKTHBE
3apaljyjy Buiie Hero mro 6u 6Ho ciydaj 6e3 TakBOr mpaBuia 0 obenofamuBamy HHbopManuja. CXOAHO TOME, HEMOTPEOHO
je mpomucuBatu obaBe3dy obenomamuBama uHbopManuja, Oyayhu na he ca TproBama o1 3Hauaja OMTH JOOPOBOJHHO
obenomamena. OBaj pe3yiaraT OTKpHBA MPETXOJHO HEHCTPOKEHY I[OBE3aHOCT OBE TEME  Ca JIMTEPaTrypoM o
(uenoTBpheHNM/HepeaT30BaHIM) HajaBaMa.

Kibyune peun: O6aBe3HO Vs. T0OPOBOJEHO 00€I0IalbHBake HHPOPMAIIHja; peryJatuBa y o0acTH XapTHja O] BPEIHOCTH;
HHCAjIEPCKO TProBambe; MaHUITYJIAI1je Ha TPIKHIITY.
JEL Code: D82; G12 ; G14 ; G38

*IESEG School of Management (LEM CNRS); CRETA, University of Warwick.

Public Disclosure by ‘Small’ Traders
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Abstract: We model strategic trading by a rent-seeking insider, who exchanges without being spotted, and propose a
comprehensive theory of market non-anonymity. Several novel results are established. They depend on asset value
proprieties, beliefs, inter-temporal choices, and investors' characteristics. In equilibrium, under a regulation mandating public
trade revelation, disclosures may shift prices. If they do, uninformed manipulations arise only in some instances. Specifically,
insiders constrained on asset holdings earn more than they would without such a disclosure rule. Consequently, mandating
disclosures is unnecessary, as informative trades will be revealed voluntarily. This result reveals a previously unexplored link
to the literature on (uncertified/non-factual) announcements.
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Non-tehnical Summary

The present article studies public disclosure of inside statements by ‘small’ investors—that is, investors who exchange
without being spotted—and develops a comprehensive theory of market non-anonymity that brings several novel results of
concern to investors and regulators.

First, we examine the effects of statements that certify the undertaken trade, which the SEC and various European regimes,
among others, require to be made public soon after the trade has been made. The analysis reduces regulators' concerns about
this form of disclosure. In fact, only in specific instances will a trader with constrained asset holdings manipulate when
uninformed. Asset value properties, market beliefs, inter-temporal choices, and investors' characteristics play a role. The
divergence with which different regulations list the investors and the conditions to report trades confirms how a consensus on
who best should disclose has not yet been reached. On this front, the solution to the problem of a trader who is in the position
repeatedly to acquire new inside information indicates that, if prices react to current disclosures, those traders who are less
likely to be informed (e.g., investors not directly involved in the firm's management) tend to undertake uninformed
manipulations; conversely, those who are more likely to be informed (e.g., CEOs) tend not to manipulate when unaware
about elements that will affect the fundamental value.

The second but most important result of this article is that mandating trade revelation is unnecessary. In fact, under
mandatory disclosure, our trader turns out to achieve a higher payoff compared to the case of no public disclosure. Therefore,
by changing the regulation and making trade reporting not compulsory, any time the price is known to react to current
disclosures, the investor turns out to have all the incentives to trade as before, voluntarily revealing to the public any
transaction undertaken immediately after having exchanged up to his (privately known) maximum. Not only does this result
indicate that there is no need to enforce trade reporting with punitive laws or invigilation, nor to study which delay to allow
in publicizing trades. It also reveals a link to the strain of literature on (uncertified or non-factual) announcements in capital
markets, upon which we improve by getting over the assumption of a truthful or honest insider. Rather, truthfulness or
honesty are entirely derived at the equilibrium. As for the revelation of certified trades, we show that informative disclosures
occur voluntarily, except when the fundamental value is constrained to two possible realizations, in which case meaningful
voluntary disclosures cannot be modeled. In particular, when the market interprets a non-factual message as
favorable/unfavorable, even in this case prices react as they do following the disclosure of a certified purchase/sale, namely
the kind of transaction that the investor actually undertakes in secret before disclosing that non-factual message. Hence, in
those instances where investors manipulate, requiring them to certify their trades does not prevent the price from moving
accidentally in the opposite direction with respect to the real asset value. In fact, “actions do not speak louder than words”.

Finally, the imposition of two alternative rules is modeled. The US short-swing rule ensures that any otherwise appealing
deceptive aim is not pursued. However, its unconditional adoption has drawbacks. Public pre-trade non-anonymity keeps
insiders away from the market, yet this measure implies the lowest price efficiency level.

The smallness assumption in terms of price impact makes our model fairly tractable, and allows to generalize the analysis in
different dimensions (e.g., that of the fundamental value distribution), with predictions that are robust in many respects. In
particular, the results pertaining to the revelation of certified transactions hold for several combinations of provision for order
direction and order size disclosure. By questioning which combination of factors drives each of our results, this article also
helps us to understand better the determinants for a number of important predictions in literature, from which ours differ.
Because of its simplicity, the present analytical framework represents an ideal benchmark to which future research can refer
to measure and refine our knowledge or challenge the policy implications derived herein.
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1 Introduction

Publicdisclosure of inside statements always receives greatattention in capital markets. Para-
doxically, following the seminal work of Beabou and Laroque (1992), hereafter BL, on mar-
ketmanipulation and credibility, where insiders may produce false announcements and trade
onthemispricing, there have been fewattempts todevelop conceptual models thatstudy these
strategic disclosures. Nowadays, the extent to which an inside statement conveys informa-
tionis, morethan ever, the objectof aconsiderable debate. Thisisalsotrue for statements that
certify the undertakentrade, which the SEC and various European regimes, among others, re-
quire to be made public soon after the trade has been made. On this latter issue, three influen-
tial studies by Fishman and Hagerty (1995), John and Narayanan (1997), and Huddart et al.
(2001), hereafter FH, JN, and HHL respectively, advance our understanding by focusing on
big traders; but small-sized investors mustalso disclose trades publicly.*

Thispaper considers small traders—i.e., traders whose transactions cannot be spotted—
who are subject to a socalled capital constraint or risk limit,? and proposes a comprehen-
sive theory of market non-anonymity. We examine public disclosure to interpret the effects
of mandatory and voluntary reports about undertaken trades, and establish several novel re-
sults, including: (1) Disclosures do notalways affect prices; (2) whenthey do, only in specific
instances the investor, when uninformed, manipulates the market; and (3) for disclosure to
be forthcoming, it does not have to be mandatory, as the investor will disclose informative
trades voluntarily. The first two results depend on the asset value properties; on alternative
(but correct) market beliefs associated with disclosure; onthe weight assigned to present and
future profits (that is, on the inter-temporal discount factor); and on the trader’s characteris-
tics, which translate into how likely he isto know about the real asset value today and to have

'E.g., the Market Abuse Directive (EU Directive 2003/6/EC) lists traditionally small investors, such as
managers, members of the supervisory board, employees/members of staff that could have private information,
andtheir spouses, partners, and relatives. The (US) Securities Exchange Actrefers to big traders—the “principal
stockholders’—but also to most firms’ officers and directors on one side (SEC(2004), Section 16), and to rela-
tively big traders on the other (SEC(2004), Section 13), the latter disclosing if the change in ownership amounts
to at least 1% of the firm’s stock. The Securities and Exchange Board of India Act refers to all the investors listed
above, mandating those owning less than the 5% of the firm’s stock to disclose when the change exceeds a very
small quantity (e.g., Rs. 5 lakh in value), while setting a high threshold for bigger stockholders.

2This constraint makes the maximum number of shares that they may exchange today dependent on previ-
ous changes intheir asset holdings. Consider an investor who currently holds no asset, and may trade up to a cap
on total exposure equal to, say, 100 shares. If this trader starts by buying 30 units of the security, in another mo-
ment he may be buying again, up to a further 70 units, or sell, up to 130 units. This sort of position limit differs
from that of an investor with unlimited trading capacity, assumed in HHL, or from that of a trader that can buy
or sell up to an identical, finite quantity per trading-date, considered in FH and JN; itenriches, in asimple way,
the strategy space by adding an inter-temporal dimension to how much the trader may exchange.
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inside information in the future. The third result not only tells us that regulators do not need
to make laws against missed trade reporting and invigilate for it—rather, they need to iden-
tify who best should be allowed to reporttrades of a specific stock—it also represents the in-
termediate step to extend our study to the voluntary disclosure of (uncertified/non-factual)
announcements, which can be spread, for example, through the media in concert with jour-
nalists (e.g., see Sobel (2000), p. 248) or by starting rumors, with predictions in line with the
first two points above. These predictions do not rely on the assumption of a trader that (with
positive probability) reports information “honestly,” conversely imposed in previous models
of inside announcements.

In order, let’s first consider mandatory trade disclosure, with each trade compulsorily
revealed after it is executed, and before the next order can be placed. A small trader could
use publicdisclosure asalever to move the asset price and enhance profits. Intuitively, while
hisorders do not affect prices, their disclosure could. However, if he isconstrained on asset
holdings, forany properties of the asset value, even public disclosure has no price impact—
in other words, itis (correctly) believed to be uninformative. To see what would happen oth-
erwise, we consider astandard two-round trading model, and show that, if prices reacted
somehow to disclosure (or its absence), when informed the trader would in probability de-
ceive other market participants completely. As a consequence, the market anticipates this
behavior, ignoring disclosures, which makes our investor earn as much as under anonymity,
where nosignal isdisclosed.

Indeed, only in some instances is a trader understood to possess private information just
once, for contingent reasons. In general, because of his specific characteristics, he typically
tends to be thought of as being in the position to acquire new private information again, at
some (unknown, unless he is systematically informed with certainty) point in the future. To
model this latter form of informational asymmetry, as in BL, we employ an infinite-horizon
repeated framework.2 Focusing on a two-round repeated structure, suppose for instance
that, at any point in time, current disclosures are believed to be informative—specifically,
the disclosure of a purchase is known to push the price just as far up as a sale disclosure
pushes it down—unless (recent) past disclosures moved prices away from the real value.

As long as disclosures are known to affect current prices, at that repetition atrader that
turns out to be informed may pick (or alternate between) one of the following two strategies.

3We make no reference to finite repetitions, as trivial. If our trader acquired private information repeatedly,
with positive probability, only up to a certain moment in time—in other words, if he imagined that, at some
future date, he was certainly not going to be informed any more—starting from the last repetition and solving
backwards, the equilibrium ineach repetition would coincide with that derived when no repetition occurs.
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He may trade up to hismaximum to lead the price toward the rightdirection, earning asmuch
as under anonymity, and subsequently profiting once again by reversing his position com-
pletely, in the same repetition, if the disclosure causes the price to overshoot the real value.
Otherwise, he may mislead the market, trading in the opposite direction and reversing his po-
sitionafterwards. The latter strategy—which inJN may be of equilibriumwhenthe assetvalue
distributiondisplays unequal massbelow and above its mean—allows our trader to earn more
than from leading in the current repetition, but only as much as under anonymity in the (next)
future, when disclosures start to be ignored. Indeed, as in Allen and Gale’s (1992) study, the
market cannot determine if our investor is actually trading on information. Thus, when unin-
formed, he may manipulate, pretending to be informed—in jargon, bluffing (Harris (2002))—
thatis, randomly disclosing that he has bought or sold, which moves the price up or down re-
spectively, then reversing his initial position. This strategy—first examined in FH, where the
trader manipulates whenever uninformed—in expectation allows the investor to earn more
than from nottrading inthe currentrepetition; but, if prices are pushed by chance inthe wrong
direction, future profits will be reduced. Hence, our trader may prefer to alternate between
bluffingand not trading, or choose the latter.

Thesolution tothis problem bringstothe identification of three regions corresponding to
differentequilibria, intwo of which disclosuresare (at least partially) informative—the con-
sequences being price shifts—and one where disclosures are not atall informative. Prices
never shift when the weight granted to future profits is small, as if they did, the trader would
systematically mislead the market. Conversely, provided heweighs future profitssufficiently,
when (or as soon as) disclosures are believed to be informative, he prefers to lead the mar-
ket whenever informed. Consequently prices react to disclosures. Specifically, the smaller
the probability of acquiring information, the more he needs to weight future profits to opt
for a non-manipulative strategy when uninformed; otherwise prices react only partially—
in proportion to how often he is informed—rather than fully, as he manipulates whenever
uninformed.* Put differently, there exists an equilibriumthreshold in the likelihood that this
trader isinformed, which progressively increases as the weight given to future profits shifts
from high to medium.® For each discount factor associated with this band of inter-temporal
preferences, asthe probability that he acquires information increases, uninformed manipu-
lations occur less often, upto thisthreshold, above which he switchesbehavior, nevertrading
when uninformed. Thus, atraderwhois lesslikely to be informed (e.qg., investors notdirectly

4The underlying structure is that of a new, important class of supergame—more precisely, of infinitely re-
peated games with discounting—whose result can be applied in areas of research other than public disclosure.

5This band of inter-temporal preferences is the most relevant: Discount factors spanning from high to
medium translate in interest rates ranging from nearly zero to values well above those in most world economies.
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involved in the firm’s management) will manipulate, while one that is more likely to be in-
formed (e.g., CEOs) will not.

Ever since Kyle (1985), an important strain of literature has focused on an insider that
with positive probability leads prices towards the real value, undertaking reversals in case
his strategic signal (e.g., the order flow, trade disclosure) causes the price to overshoot the
privately known quotation. To model price overshooting, in principle every class of asset
value properties isappropriate, other than that ofarandom variable withtwo possiblerealiza-
tions assumedinBL, FH,and JN, asthese two priors would otherwise systematically bracket
equilibrium prices. For tractability, however, this literature, which includes HHL, generally
assumes normality. Instead, our predictions hold, whether or not the asset value distribution
is continuous or (up to acertain degree) asymmetric, or its support unbounded. While over-
shooting is not due to the imprecision of the signal, the way the market interprets thissignal
playsarole. In fact, identical dynamics can be identified, whether the trader has to disclose
trade direction or size, because a market response isto interpret any trade of the same direc-
tion identically. Itfollowsthat, whendisclosures are believed tobe informative, if the investor
trades, he only exchanges upto his (un)observable maximum, which justifies the market re-
action inquestion.

When (or as soon as) prices react to trade revelation, the investor expects to earn asmuch
ormorethan hewouldwithout suchadisclosure rule. Consequently, mandating disclosures is
unnecessary, as informative trades will be advertised voluntarily. In detail, the trader decides
todisclose notonly when he knowsthat the resulting price will overshoot the privately known
assetvalue, butalsowhen itwill undershoot this value (andthus no profitable reversal is pos-
sible). By doingso, he hidesthisinformation atno cost, sothat the price followingadisclosure
turns outto shift the most (thatis, as much as under mandatory disclosure), which ensures the
highestoccurrence of price overshooting,and the most profitable associated reversal. Clearly,
an asset value distribution not preventing price overshooting is required to model voluntary
disclosure of informative signals; otherwise, when informed, no small trader hasan incentive
todisclose.

Evenwhen this investor cannot disclose certified trades, in principle he may still publicly
produce uncertified announcements of any sort, provided he does not lie about relevant facts,
whichisforbiddenunder mostregulations (e.g., SEC(2004), Section 10(b)). Inthiscase, when
(orassoonas)announcementsare believed to be favorable/unfavorable, the equilibriumprice
following their disclosure shifts as it does when a certified purchase/sale turns out to be infor-
mative. This is why an investor that acquires new information repeatedly—whose equilib-
rium transactions coincide with those undertaken under the voluntary disclosure of certified
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trades—nhas all the incentives to produce these announcements after the initial purchase/sale.
Specifically, hisincentive to lead the market when informed, aswell as his incentive notto ma-
nipulate whenuninformed, turn outto be unaffected with respectto the case of acertified trade
disclosure. Thus, three analogous regions of equilibria exist, in one of which manipulations
arise. Indeed, a question exists in literature, whether requiring investors to publicly certify
their trades prevents them from producing manipulative announcements (BL, p. 947). Our
work suggests that, when mispricings are possible, this resolution makes traders indifferent
about making announcements, but does not prevent equivalent trade-based manipulations.

There are at least three ways to justify why the transactions of our insider cannot be spot-
ted: First, with a large market compared to the position he can undertake—in other words,
his maximum trading capacity is quantitatively negligible; second, with a market/trader of
any size, and an indistinguishably large or low demand—indeed, in complex environments
agents not processing all information turnto heuristic rules of thumb and weigh more salient
information (Tversky and Kahneman (1974)); third, even a negligible trading pressure by a
biginsider canbe justified,as BL do. They invoke theresults in Kyle (1985, 1989) and Laffont
and Maskin (1990), who showthat inimperfectly competitive markets the trader can limit the
leakage of information into prices. In this latter case, our predictions hold when the time be-
tween thefirstofaseriesof purchases/sales and its public disclosure is sufficient for the trader
to buy/sell up to the cap on total exposure, splitting up the order into several smaller chunks.
For large caps, thisis possible only under those regulations thatallow for asufficientdelay in
reporting trades.® Conversely, this isalways a possibility in case certified trades cannotbe no-
tified, whenever the insider produces announcements, the timing of whose disclosure isat the
sender’sdiscretion.

Whenabiginvestor, whoissystematically informed (by assumption), hasto disclose each
trade before placing a new order, he reduces the dissemination of information dissimulating,
thatisaddingarandom componentto histrades. Thishappensin HHL, where an investor with
unlimited holdings earns substantially less compared to the case of no public disclosure, but
one can conjecture that insiders with very large but finite total exposure caps dissimulate too.
If so, our study suggests that, when disclosure is mandatory, it is the imposition of avery tight
deadlinetoreporttradesthatcausesdissimulations. Ceteris paribus, when this trader—aswell
as one with a total exposure cap of any size—has enough time to place small orders, up to his
maximum capacity, before reporting their execution, he opts for the latter alternative, which

®Rather than the US one, which in 2002 drastically reduced the possible delay, from one that depended on
the trading-date—with insiders required to report within 10 days after the close of the calendar month during
which the trade occurred—to a constant (but relative tight) one of 2 days, we are referring for example to Italy,
Belgium, and France, with median delays of 5, 7, and 14 days respectively (Fidrmuc et al. (2011)).
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makes big traders earn more than with (now unnecessary) dissimulations, and allows for the
possibility of a profitable reversal in case the price following these simultaneous disclosures
overshootsthereal value. The disappearance of thisdeceptive practice providesarationale for
allowingfor long delays inreporting trades, or better, for making disclosures voluntary.

A regulatory concern relates to the tension between two elements implied by public dis-
closure. Advocates argue that higher transparency can increase price efficiency; opponents,
that it will increase the set of manipulative behaviors. While mere speculations enable ear-
lier information releases (Hart, 1977; Leland, 1992), the distortive effect of manipulations
on prices is clearly undesirable. Though forbidden (e.g., see SEC, 2004, Section 9a2)), ma-
nipulations are hard to prosecute, whichiswhy anunderstanding of whenand how to prevent
them isimperative. This paper shows that disclosure by small traders cannot reduce price
efficiency, only boost it or leave it unaffected. However, when manipulations arise, a regula-
tor that aims to prevent them should refine market rules. Inthis case, our model tells us that
such illegal conduct cannot be eliminated by suppressing the trade disclosure rule, unless
the investor is also forbidden to produce announcements. On this front, this work examines
whether two simple resolutions, the short-swing rule and public pre-trade non-anonymity,
prevent manipulations without reducing price efficiency. Both resolutions have an indepen-
dent interest; to the best of our knowledge, we are the first to model these issues.

Theshort-swing rule—whichiscontained in Section 16(b) of the SEC Security Exchange
Act, but not prescribed inany EU Directive—constrains a class of investors already obliged
todisclose their trades, namely, the firm’s officers and directors, because it forcesthem to give
up profitsfromreversals if undertaken within 6 months fromthe firsttrade. For any properties
of the asset value, this rule implies fully informative disclosures: On the one hand, differently
from the case ofanidentical, finite quantity exchangeable pertrading-date, itensures that our
trader does not manipulate when uninformed. On the other, it discourages this trader, when
informed, from attempting deceptive strategies—conversely he leads, exchangingonly inthe
beginning.’

To highlight the advantages and disadvantages of the US short-swing rule, which isim-
posed unconditionally, consider a trader who may acquire new inside information repeat-
edly. Even though in some instances this extra rule is ineffective—as deceptive strategies
would have not been attempted anyhow—in others it prevents uninformed manipulation.
However, thereis animportant drawback of SEC Section 16(b). Inline with general concerns

" Asaresult, if the short-swing rule were imposed when trade disclosure is not, this investor would have no
incentive to voluntarily disclose his trades or produce announcements.
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(Goldwasser (1999), p.48), a resolution discouraging manipulations can deter appropriate
trading. Indetail, provided the trader weights future profits heavily, the US short-swing rule
is notonly unnecessary but, when private information is sufficiently long-lived, also prevents
the revelation of reversals (or of their absence), which would have shifted prices even closer
to the fundamental value.

Pre-trade non-anonymity isanatural alternative to imposing trade disclosure. It consists
of apublicrevelation of the forthcoming purchase or sale, together with the trader’s identity,
just before execution. A rule that forces (at least) the disclosure of the submitted order direc-
tion preventsthe insider from trading in the market. This general result holds for any proper-
ties ofthe asset value andthe noise traders’ demand, and depends neither onthe position limit
to which the trader is subject, nor on whether he is small or large. Because the obligation to
reveal orders before execution implies the lowest price efficiency level, this measure may be
preferable only when the objective isto prevent an insider from profiting at the expense of
other investors.

This paper continues as follows. Section 2 presents the assumptions. Section 3 studies
theeffects ofaregulation that, following each purchase or sale, mandates publicdisclosure of
trade direction. Section 4 investigates the foundation of mandatory and voluntary trade dis-
closure. Atthe end of this section, the analysis is extended to the case of avoluntary produc-
tion ofannouncements. Section5 proposes aguided tour through the wide universe of multi-
pleequilibria, listing minimal restrictions on beliefs thatguarantee *price-shift uniqueness’.
Section 6 extends our analysis in differentdirections, including that of trade size disclosure.
Section 7 evaluates the short-swingrule and public pre-trade non-anonymity. Section8 con-
cludes.

2 Assumptions

Trading is modelled as a sequence of auctions, structured to give the flavor of a sequential
equilibrium (Kreps and Wilson (1982)). As in Kyle (1985), a risky asset is exchanged for a
riskless one among three kinds of traders. In a risk-neutral world, a potential insider (the
leader, L) and noise traders submit orders to amarket maker (M), that sets prices and clears
the market.

The ex-post liquidation value of the asset, v, is a random variable over [—b,b], where
b>0; v has zero mean; F(v) is absolutely continuous with respect to the Lebesgue measure;
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and f(v) is symmetric (in Section 4, the absolute continuity and symmetry requirements are
relaxed).

The timing is the following. Before v is exogenously revealed to the market at the end
of the period, a sequence of two rounds (or auctions), n € {1,2}, takes place. Roundn
consists of three steps. In Step 1, a public disclosure occurs; in Step 2, noise traders and L
submit quantities (or orders); and in Step 3, the price is fixed and quantities are executed
by M.

Two main states of the world are possible: s€ {I,U}. In I the leader has information
about v, learning whether v>0 or v <0 inround n=1, and learning v=v inn=2. In U the leader
does not know v at any round. State I occurs with probability ¢ (for the case of a leader that,
when informed, already observes v=vinround n=1, see Section 6). From now on, for brevity,
we refer to a potential insider as an insider when, in a specific period, he actually possesses
private information about v; conversely, when he privately knows that s=U, we say that he is
uninformed.

The market maker’stask is to set the clearing price inroundn, p,, efficiently; thus p, is
chosen to equal the asset expected value, conditional on the information available.

[See Fig. 1.]

At auction n the leader trades a quantity x,,, positive for a purchase, negative for a sale,
and zero otherwise. The leader is constrained on asset holdings, in that he is restricted to
hold z,€[—x,x ], where x, thecap on total exposure, is strictly positive and finite, and
o is normalized, without loss of generality, to 0. Denote, with 7,,=z,,(v — p,,), the portion
of L’s profits attributable to the round »n € {1, 2} trade, and assume that the intra-period
discount factor equals 1. Noise traders’ demand in n, the random variable w,,, avoids
the no-trade theorem problem (Milgrom and Stokey (1982)): u,, and v are independently
distributed.

Define P and X, whichare vectors offunction, by P=(P;, P,) and X=(X}, X,), where
P is the market maker’s pricing rule, and X is the leader’s trading strategy. In detail, p,,=
P, (2,,), where Q,, is M’s information set at auction n; X;: {U}U({I} x { v>0,0<0 })
— [~wp, 2], 11=X(v=sign(v) , 5=s); Xo: {UYU{I} x [=b,b]) — [~wp—21, 2, —21];

80ther authors, before us, have assumed a symmetric upper- and lower-bound in the change of holdings
(e.g., van Bommel (2003), Brunnermeier and Pedersen (2005)).
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and z,=X,(v=v, gzs).

Definition 1 An equilibrium is defined as: (i) A strategy by L that maximizes the overall
sum of his discounted expected payoffs over time, given the price setting rule and the infor-
mation L has when making each trade; (ii) a strategy by M that allows him to set each price
equal to the asset expected value, given L’s strategy and the information available (market
efficiency condition); (iii) each player’s belief about the other player’s strategy is correct in
equilibrium.

As a distinctive assumption in this model, the orders that the potential insider submits
have no inferable impact on the order-flow—in other words, public disclosure is the only
information M conditions on.® To simplify the exposition, when this assumption holds,
from now on we say (or imply, when not specified) that the leader is small (as opposed
to large). Let’s also assume that, as soon as v=v is exogenously revealed at the end of
the period, the price immediately adjusts, and that the initial price, pg, is normalized to
E[v]=0.%°

Mandatory post-trade non-anonymity (/) characterizes markets in which, at the very
beginning of round n, the identity of agents placing orders in n — 1 and whether they
bought or sold are revealed (post-trade disclosure of submitted quantities and pre-trade non-
anonymity are considered in Section 6 and 7.2 respectively). Thus in n=2 the signal 7 €
{—1,0, 1} isreleased: 7=1 implies that L bought in n=1; 7=—1 implies a sale; 7=0 implies
no revelation in n=2 about the purchase or sale that L undertook in n=1. Whendisclosure
ismandated, this setting coincides with inactivity inn=1. Because Q,={@}, Q,={7}, itfol-
lowsthat P,: {@} — [—b,bland P,: {—1,0,1} — [—b, b]. Specifically, as long as trades get
revealed after the order execution, price-driven markets—inwhich pricesare set, then quan-
tities placed and executed at this price—are equivalent to order-driven ones.* Anonymity
(A) characterizes markets in which no information is released.

90f the three ways, adduced in the introduction to this analysis, to justify a non-informative order-flow,
U+, the first can be formalized with a distribution of ,,, g(w,,), strictly positive for all %, € [—o0, o],
when 2z, isquantitatively negligible. Under thisstructure, E[z, |u,+x,] ~ E[z, |u,]. The second—i.e., that
of anindistinguishably large or low demand—with a naiive market maker with diffuse priors about w,,: If g(u,,)
isunknown, then E[z,, |En+zn] cannot be computed.
10Even though in the model M does not explicitly set po, we can think of this price being equal to E[v]
as an implicit consequence of the market efficiency condition. Indeed, setting po=F[v] is not crucial for any
result in this work to hold, in that no exchange takes place at the initial price, which therefore plays no role.
Nonetheless, this assumption is very convenient, because it facilitates the exposition, allowing us to describe
whether and how, within the same period, the prices set by M shift from this initial level.
1This degree of generality is due to a structure not allowing for information extraction from the order-flow.
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3 Markets with post-trade mandatory disclosure

This section analyzes a regulation mandating disclosure of trade direction, first consid-
ering the benchmark case of a non-repeated sequence of two auctions, then a multi-period
framework where this sequence is repeated up to infinite.

3.1 Single-period equilibrium with post-trade mandatory disclosure

Under A, in equilibrium the market clears at the same price, p,,=0, at any auction. The equi-
librium behavior of an insider aware of v>0 (or v<0) is such that Yz, equals xy, (resp.,
—x1,)—in other words, such that he holds =, (resp., —z) at the end of the period—while
that of an uninformed leader issuchthat ) x,€ [—x,,2;]. Thismeansthat each type of
leader canplace any probability (alsoequal toOor 1) on all round n=1trade quantities (z,=0
included), no matter what information he observes. For instance, consider a trader that in
n=1 systematically buys (or sells, or does not trade) only when he observes v>0. Although
inequilibrium M’s beliefs about L’s (pure or mixed) strategy are correct, absence of public
signals—i.e., Q,={ @ }—implies no price shift. Atthese prices, an uninformed leader isin-
different whether or not to trade atany round, as by purchasing or selling he earns 0 expected
profits.

Under V, in the standard two-roundtrading model, public trade disclosure by any small
investor constrained on asset holdings is not informative. As under A, an initial trade by L
doesnot affect the short-run price, p;—thatis, because ;={@}, M sets p;=p,=0. Although
its subsequent public disclosure mightalter the long-runprice, p,, in equilibrium M ignores
any signal in the second round and sets p,=0.

Proposition 1 For mandatory trade disclosure, in the single period the “unique beliefs’
equilibrium is the following: M sets p,= 0; type s= IAv>0 and s= IAv<0 trade in
such a way that > z,=x; and ) x,= —x respectively, providing they disclose the
same signal = - with equal probability (even 0 or 1); type s= U trades insuchaway that
D o B s

2Two remarks are in order: (i) Equilibrium beliefs uniqueness refers to a unique component of equilibria,
all of which are supported by the same set of beliefs and thus share the same pricing rule, even though these
equilibria differ in L’s trading strategy. (ii) The symbol A stands for and.

10



Public Disclosure by "Small" Traders Luca Gelsomini

Proof. See Internet Appendix A. m

It follows that, both under .A and \V, the per-period equilibrium payoff of type s=U
equals 0, while that of the insider of type v>0 (or v<0) equals x1.¢, where ¢é=E[v|v>0].

To see why public disclosure of trades (as well as disclosure of no undertaken trade) is
not informative, consider any candidate equilibrium pricing rule such that either the signal
T=—1or7=00r7=1causes the price p,to shift fromp,_.,=0. For each of these pricing rules,
derive L’s optimal response, under the assumption that, when informed, L already observes
v=v in the first round. Holding this optimal trading strategy fixed, notice that the candidate
pricing rule in question makes M reply to all types of insider belonging to either [—b, 0) or
(0, b] with a price in the opposite partition of the support of v.1* Inparticular, thiswrong price
shift follows an identical first round order, z; (and thus anidentical disclosure of trade direc-
tion). Consequently, the optimal trading strategy is unaffected when each of these types of
insider only observes whether v<0 or v>0 in round n=1, which is why any of these can-
didate pricing rules still suffers from the same problem. Now recall that, since f(v) is sym-
metric around 0, the probability of v being greater or smaller than p, is the same. It follows
that any of these candidate pricingrules is (inexpectation) wrong. Infact, at least half of the
times, prices shift in the wrong partition of v, regardless of whether inn=1 an insider knows
v=vorv= 0.Inconclusion, no pricing rule such that p,# p, can be an equilibrium one.

Partof the result is inlinewith the one in finitely repeated zero-sum games of incomplete
information, in which it is impossible for the informed sender to mislead the uninformed
receiver (Aumann and Maschler (1995)). Less intuitively, in the single period M does not

13The result does not depend on the effective size of the cap on total exposure, z7,. To make some off-the-
path manipulative attempts by a leader more explicit, consider the following candidate equilibrium pricing rules
and the associated insider’s best responses. Holding p; =0 unchanged, first suppose that P, (7=1)—i.e., the price
in response to a disclosed purchase—is positive, P»(7=0) is non-negative, and P, (7=1) is negative (this is case
C3 in the proof to Proposition 1). The round n=1 placed orders in response to these prices, as well as the dis-
closed trade directions, depend on the exact value that P»(7=—1), P>(7=0), and P, (7=1) assume. Specifically,
not every type initially aware of v=v>0 prefers to disclose a first round sale—which moves p, down, namely

Py (7=0)

toward the wrong direction—unless both P, (7=1) and —=5— are non-greater than | P, (7=—1)|. Nonetheless,

when this latter condition on prices is not satisfied, each type initially aware of v=v<0 finds it optimal to pur-
chase or not to trade in n=1 depending on whether P»(7=1) 2@ or0<Pa(1=1) g@ respectively,
which causes p, to increase, namely to shift in the wrong direction. Second, suppose for instance that P (7=—1)
is positive and P, (7=0) and P»(7=1) are non-positive (this is case C6 in the proof to Proposition 1). When the

leader initially observes v=v<0, he finds it optimal to sell a tiny quantity in n=1—so0 that p shifts up, namely
in the wrong direction—and to continue selling up to his total exposure cap in n=2. In particular, this latter strat-
egy highlights how trading in the so-called ‘wrong direction’—i.e., buying and selling in n when v<p,,_; and
v>pn,_1 respectively—is not necessary to qualify a best reply as a manipulative attempt.

11
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make any use of the signal received, because L’s preferences over actions are completely op-
posed towhat can be roughly defined as M’s preferences, whichare to set prices efficiently.
If prices somehow reacted to the trade disclosure (or itsabsence), the pricing rule would not
be justified, and inthissense, M would be worse off and consequently would deviate. Other-
wise, regardless of whether L actually possesses information, with probability greater than
a half prices would move in the opposite direction with respect to v=v, and in practice, M
could do better by tossing acoin. Thisis mainly due to the position limit assumption (see
Section4).

With respect to the equilibrium trading strategy depicted under .4, the one under V is
constrained as follows. The probability that an insider of type v>>0and one of type v <0 place
on round n=1 purchases is the same. Analogously, the probability that these types place on
round n=1 sales is identical, as well as the probability placed on x;=0. In this way, they hide
their information completely and the pricing rule p,,=0 is justified (in fact, even when type
5=U signals differently fromwhat the informed types signal, the market does not extract in-
formation fromthat). HHL showsthat, when forced to disclose trades, alarge insider dissim-
ulates toreduce the revelation of hisinformation. Todo so, he plays amixed strategy consist-
ing of afirstround trade thatincludes arandom noise component. By contrast, in the present
study the revelation of information following the first round trade is eliminated rather than
reduced. To accomplish this, the insider can but does not have to employ mixed strategies,
which iswhy dissimulation is not a driving force behind the present result. What matters is
that any type of insider initially disregards his information and discloses (under probability)
the same trade. By contradiction, suppose for example that the insider(s) of type v>0 decided
to signal 7=—1 (or 7=0, or 7=1) less often than the insider(s) of type v<0 do(es). For each of
them, the optimal trading plan associated with this alternative signaling requirement implies
apayoff thatis equal to that achieved inequilibrium. However, this best reply is not an equi-
librium response, because disclosure of a sale (resp., absence of disclosure; disclosure of a
purchase) would shift p, down, a pattern which has been shown not to be compatible with
that ofanequilibrium pricingrule.

Noneof theequilibria inProposition 1 isrobust toaprobability that M exogenously learns
v=vattheend ofthefirstratherthan of the second auction. Evenwhenthis probability is small,
aninformedtypeis notindifferentany more about afirstroundtrade oranother. Instead, in re-
sponse to p,,=0, an insider of type v<0 preferstosell inn=1, while one of type v>0 prefers to
buy. These replies cause M to deviate. Specifically, because type s=U now prefers inactivity,
M sets po(7=0)=0and pe(7=1)=—p,(7=—1)=¢. Atthese new prices, however, a leader aware
of v<0(orv>0)buys (resp., sells) inn=1, which moves p, inthe wrong direction, then revers-

12
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ing his initial position in the very likely event of an exogenous revelation of v=v to M only at
the end of round n=2. In this case, it seems reasonable to improve our definition of equilib-
rium by adding a condition that makes M set prices efficiently, inthe weak sense, if nopric-
ingrule isjustified otherwise. When this condition isadded, since inequilibrium M turns out
to be ‘required’ to ignore signals, and thus sets p,,=0, an insider of type v <0 (or v>0) initially
sells (resp., buys). Thus, although the equilibrium trading strategy in Proposition 1 probably
lacks of realism, the associated equilibrium prices and payoffs do not. Conversely, for any
case studied in our work, other than that of a mere mandatory trade disclosure over a finite
horizon, this extra equilibrium condition will not be necessary, because of the existence of
equilibria thatdisplay robustness to asmall probability of v=v being exogenously available
to M inadvance.

3.2 Informative post-trade mandatory disclosure

This subsection investigates whether alternative equilibria are possible, where disclosed
trades become relevant. We will allow for an infinite repetition of the single period and
refer to an equilibrium as a sequence of history-contingent replies that satisfy certain se-
quential conditions. When analyzing a problem with ¢ € N periods (where N includes 0),
additional assumptions are needed. First, an inter-period discount factor, § € [0,1), is as-
sumed. In particular, 6 and ¢ are drawn by Nature at time ¢t=0 (the only period in which L
does not play), and do not vary over time. Second, the two active agents involved in the
infinite repetition are the same market maker and leader. L’s type changes over time: Im-
mediately after the exogenous revelation of v=vto the whole market at the end of period ¢
(butbefore period t+1 starts), s and v are drawn again by Nature. Both s and v are i.i.d. over
periods. Third, for any repetition of the two auctions, p, and z, are normalized to 0.1*

For an infinite repetition of the two auctions, consider the following M’s strategy.

Definition 2 Suppose M’sstrategy istoset p;=0and p,=P;"(-) inthefirst period, where P} :
=1 — po=p, 7=—1 — p,=—pu, 7=0 — p,=0,and . > 0 isthe magnitude of the second
round priceshift. At the second round of the ! period, if the outcome of all ¢+ — 1 preceding
periods has been 7=1 A v>0 or 7=—1 A v<0 or 7=0, then play PJ¥; otherwise, set p,=0.

The analysis is now restricted to what, for ;,>0, we call trigger strategy, which consists
of a generic history-contingent pricing rule and a punishment scheme that makes M ignore

14The amount of shares held at the end of period ¢ — 1 does not impact on period ¢ space of actions. In
fact, at the very end of period ¢ — 1, L can always rebalance his holdings, exchanging at the right price v=v.

13
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subsequent disclosures if L defects—that is, when L causes the price to go in the wrong di-
rection with respect tov. The punishment refers to the decrease in per-period expected prof-
its suffered by L after defection. Specifically, Definition 2implies that, as soon as M observes
vp,<0—i.e., a price manipulation occurs—at period j, from period j+1 onwards prices at
any auction equal 0. Consequently, from period j+1, L’s equilibrium trading strategy coin-
cides with that undertaken under A/, when the two-round period is not repeated. Depending
ond, g,and f(v), sub-classes of this trigger strategy are part of an equilibrium.

In particular, M can be thought of as representing the behavior of a semi-strong efficient
market asawhole (BL), or as serving as an intermediary. Finally, as in Kyle (1985), M
can be also interpreted as the reduced form of at least two competitive bidders perauction,
where the winner—i.e., who posts the mostattractive bid for L—clears the market atthe win-
ning price. Inthis case, to prevent multi-round collusion, Caldentey and Stacchetti (2010, p.
250) suggest imagining a large group of bidders, each of them bidding once and then quit-
ting the market. Still, if prices were set by competitive bidders, a priori itisunclear whether
apunishmentstrategy isimplementable. Section5 explains why the notion of a unique mar-
ket maker breaking eveninexpectation viathe selection ofany trigger strategy, and therefore
even a Grimtrigger—which applies apunishment consisting of M reverting to single period
equilibrium behavior forever (see Friedman (1971))—is consistent with the idea of bidders
setting prices competitively. Section5 alsoaccounts for the multiplicity ofequilibrium pric-
ingrules.

3.2.1 Benchmark case (¢ = 1)

In general, a trader can alternate (with some probability, even 0 or 1) between trading some
non-negative quantity in one direction and in the other. In this respect, providing at a cer-
tain period prices shift positively as stated in Definition 2, if an insider decides to incur the
punishment, we say that he misleads M. If an insider decides to push the price in the right
direction, he leads M. Define, with M (1) and £(1), how much L expects to earn per period
from trading optimally while aiming to mislead and lead respectively. These two new strate-
gies identified, letae [0, 1] be the probability with which he chooses the former rather than
the latter.

Lemma 1 Consider mandatory disclosure of trades. Given the pricing rule in Definition
2, by trading optimally a type s=I that decides to incur the punishment with probability &

14



Public Disclosure by "Small" Traders Luca Gelsomini

earns a-M (u)+(1—a)-L(u) per period, where M (u)>L(p)>x &, Vi > 0, and:

I

L= 2 {f(2u ; 5>f<5>d5+}zf@>dz} , o

0

b

M () = 2xp [ (2p+0) f(v)d. 2

0

Proof. See Internet Appendix A. m

Ateach period, if aninsider of type v>0 (or v<0) decides to lead, itis optimal for him to
trade x1=x, (resp., x;=—xr), completely reversing this position afterwards by trading z,=
—2x (resp., zo=2x) in case v=v lies between p, and py, or nottrading atall otherwise. As
long as . is strictly positive, since the insider has the chance to benefit from an additional
price differential at the second round, the resulting per-period expected profits are greater
than those after defection—in other words, if >0, then £(p) >z &. If this type decides to
optimally mislead, he will initially sell (resp., buy) up to his cap on total exposure, always
undertaking acomplete reversal of the initial position afterwards. Only for =0 we have that
M(pu)=L(pw)=x &, case inwhich any strategy suchthat )z, equalsz, (resp., —z.)is a
best response.

Given M’s trigger strategy, a leader informed with certainty chooses a level of a, a*’,
which maximizes his discounted expected profits over periods. In this case, whether to
defect at a certain point in time only depends on how much the trader weighs future profits.

Proposition 2 For mandatory disclosure of trades, an infinite repetition of the two-round
trading period, and a leader acquiring new information every period (that is, when ¢ = 1):
(i) If 6>0v, where 5v:%, an equilibrium exists in which disclosures affect
prices. Specifically, M undertakes the strategy in Definition 2, setting . = &; L trades opti-
mally in such a way that he never incurs the punishment. (ii) If 6 < dy, at each repetition

the equilibrium coincides with that under V, when no repetition of the period takes place.
Proof. See Internet Appendix A. =

Consider a situation in which p>0. When the insider gives substantial weight to the
profits from persistently leading the market optimally—an alternative to earning even more

15
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only once by misleading optimally, but then earning less forever—nhe opts for the former
option with certainty. Thus, prices are not manipulated at the equilibrium, which is in pure
strategies. In detail, disclosures being fully informative, an equilibrium price shift equal to
& s justified. Conversely, when L does not weigh future profits enough, he would always
mislead. However, the market anticipates such misleading behavior, ignoring disclosures
by setting z=0. As a consequence, L effectively trades as he does in a single repetition of the
two-round period.

Finally notice that, when §=dy, for any positive value of p, insiders are indifferent
towards leading and misleading optimally. In this case, depending on the probability with
which each insider is believed to lead, infinite other equilibrium outcomes are possible,
with price shifts that can assume any value between 0—when both insiders are believed to
mislead with probability greater than or equal to %—to & included. Because dy is a point
in the continuum, we refer only to the more informative equilibrium.

3.2.2 Generalized case (g € (0, 1]): The manipulative-equilibrium threat

Consider a leader that is not informed with certainty. Whenever uninformed, this trader
cannot undertake any insider activity. Still, provided that, at a certain moment in time,
prices positively shift as hypothesized in Definition 2, with some probability the unin-
formed leader can pretend to be informed, that is, bluff, disclosing a purchase or a sale to
move p, up or down respectively. When he does so, by trading optimally he expects to
earn P () in that period, whether he opts for an initial purchase or a sale. Let 3€ [0, 1]
be the probability with which the uninformed leader decides to bluff as opposed to not
bluffing, the latter strategy implying no trade undertaken in the first auction.

For 1 # 0, in case type s=U decides to bluff, he finds it optimal to either buy or sell
initially up to the cap on total exposure and completely reverse this position afterwards.

Intuitively this strategy is similar to whatthe IOSCO (2000) classifies asrun,a manip-
ulation in anonymous markets that involves the creation of activity in a security by, for
example, buying that security at increasingly higher prices. In this case the trader aims to
attract others to buy and push up the price, then attempts to sell out at a financial gain.

For an uninformed leader that decides to bluff, let z€ [0, 1] be the probability with
which this type decides to do so by disclosing a purchase as opposed to disclosing a sale.
Holding the price reaction in Definition 2 fixed, he is indifferent to the two options. In fact,
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because of the symmetry of the pricing rule, the associated per-period payoffs are identical.
In addition, because of the symmetry of the punishment scheme and of f(v), when p # 0,
this choice does not even impact on the likelihood that type s=U accidentally causes the
price to be wrong—an event that occurs with probability g. However, for this symmetric
pricing rule to be justified, beliefs in response to a purchase and a sale are restricted to
assigning the same probability to type s=U. For this reason, if L bluffs at the equilibrium,
he chooses z=1.

If type s=U does not bluff, then z:;=0. No matter what his unobservable round n=2 trade
is, this type expects to earn 0 per-period profits, that is less than P () whenever i, # 0. Only
for u=0we have that P (1.)=0, case inwhich any strategy suchthat > ° x,,=0isabestresponse.

Lemma 2 Consider mandatory disclosure of trades. Given the pricing rule in Definition
2, by trading optimally a type s=U that decides to bluff with probability 3—i.e., to defect
with probability g—expects to earn 3-P(u) per period, where P(u)=2pux; >0, Vu>0.

Proof. See Internet Appendix A. m

When ¢ is not restricted to equal 1, another dimension is added to the problem pre-
sented in the previous subsection. At any period in which prices are expected to shift, L
can randomize with probability @ (or 3) between misleading and leading (resp., bluffing
and not bluffing) optimally when informed (resp., uninformed). In the subsequent period,
this choice causes prices to shift again with probability 1—a (resp., 1—§).As long asu # 0,
choosing a+ 0 or 5# 0implies a positive probability of incurring the punishment, taken
into account when determining L’s optimal strategy at the equilibrium, for every € [0, 1)
andq € (0,1).

Consider a leader that is informed with probability g. The inter-temporal problem that
he has to solve differs depending on whether or not in the current period—that is, period
t=1—nhe possesses private information. Given M’s trigger strategy, let @' and B*I (orarv
and 3" be the levels of a:and 3 that maximize £ [T1'] (resp., E [TIV]), thatis the discounted
sum of profits that L expects toearn overtime when inperiod¢=1heis(resp., isnot) informed.

The next lemma defines L’s best response.

Lemma 3 Consider mandatory trade disclosure, an infinite repetition of periods, and a
leader that acquires new information every period with probability ¢ € (0,1). Given the
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pricing rule in Definition 2, identify the pairs a*/, 3™ = arg maxE [II’] and &, 3" =
a,B
arg maxF [HU} , Where
a,B

E '] =a - M(u) + (1-a) - £ (u) + o quitt (1-6)5 - S(g,6.3.5), ()

1-6
£ =3P () + (1—2) 5806 ma ) bt @
and
o - —a) - — A - I Taa (1—9q)B T
S:q[ M(p) + (1 —a)- L]+ (1 —q)B - P(u)+135lqa+—=5"*]q Lﬁ' ©)

In the current period, the best response of a leader of type s= I (or s= U) isa*’ (resp.,
B*U) when g # 0, and equals to the one in the single repetition of the period otherwise.

Derivation of S in Lemma 3. See Appendix. m

The function S embeds the following elements. The leader does not know whether
he will be informed at each future date but knows that at any date he will have learned
whether he possesses new private information before signaling. In the decision process,
L accounts for the probability of acquiring new information, how much he weighs future
profits, and the consequences of each signal on the direction of present and future price
shifts.1®

The next lemma defines the level of i at which the pricing rule in Definition 2 is efficient.

Lemma 4 Consider mandatory trade disclosure, an infinite repetition of periods, and a
leader that in every period acquires new information with probability ¢ and trades op-
timally given the pricing rule in Definition 2. The market efficiency condition holds for
p=1(a'<3)[1—(1— )37 ](1 — 2a")&, where 1(-) is the indicator function.

5For a leader that is currently informed (or uninformed), his best response today, a*' (resp., B*U),
coincides with his best planned response when informed (resp., uninformed) tomorrow. The assumption
of an insider learning only about v>0 or v<0 (rather than v=v) in round n=1 simplifies the analysis.
Otherwise, the multi-period problem of a leader that is currently informed—mbut not that of one that is
currently uninformed—is affected (see Section 6.2.2 for details).
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Before defection, beliefs formed in response to disclosed trades (or absence of disclo-
sure) account directly for the current and indirectly for the planned choices by a leader
aware about prices being restricted to shift as prescribed in Definition 2. Disclosures are
informative—that is, . is positive—only if a trader that is currently informed leads with
probability greater than % In this case, provided L does not bluff when currently un-
informed, a level of x equal to 1 — 2a*" ensures efficient pricing. This level has to be
reduced—i.e., multiplied by 1 — (1 — ¢)3*” —in case this trader bluffs with positive prob-
ability when uninformed.

Below we propose the closed-form solution to the general problem in markets with
mandatory post-trade disclosure. More general conditions for this result to hold are pre-
sented in Corollary 3. In the next section the result is extended, and commentary provided.

Proposition 3 For mandatory disclosure of trades and an infinite repetition of the two-
round period, three regions over the space in § € [0,1) and ¢ € (0, 1] can be identified.
They correspond to different equilibria in which M undertakes the strategy in Definition 2.
In detail, (1) if 6 > A(q, 1 = &), in every period M sets 1 = &, and L plays a'=8"=0;
(2) if Vg, pp = q€) < 0<A(q, = &), M sets 1 = ¢€, and L plays a'=0,3" =1 up to
the j'" repetition, where j is the first period after which M observes vp,<0; and (3) if
<V (q, p = q€), at each repetition the equilibrium coincides with that under A/, when no

repetition of the period takes place. Specifically, A(q, ) :P(M)Jr;?é’&)_m] and V(q, ) =
M) L) For any distribution of v satisfying the initial conditions,

M)~ 5L L) +(1-9) P () —qa €
these three regions always exist.

Proof. See Internet Appendix A. m

When L repeatedly acquires information with probability ¢ € (0, 1], the equilibrium is
derived as follows. Holding 1.>0 fixed, notice that: (1) For§ > A(q, u>0), the pairs a’=0,
B*'=0and a*v=0,3"" =0 maximize the functions £ [II'] and E [I1V] respectively. Thus, L’s
best response consists of leading when informed and not trading otherwise. For a*'=3"" =0,
a level of 1 equal to & guarantees price efficiency. Holding p.=¢ fixed, L does not deviate
from the original strategy. Consequently, when § > A(q, u=¢), in equilibrium disclosures
are fully informative and no manipulation arises. (2) For V(q, u>0) < § < A(q, u>0), the
pairs&*’=0,3"'=1and &*V=0,3"" =1 maximize £ [II'] and E [I1V] respectively. Hence, L’s
best reply is to lead when informed and bluff when uninformed. For a*7=0,5"" =1, a level
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of ; equal to ¢£ guarantees price efficiency. At this level of 1, no deviation by L from the ini-
tial strategy occurs. It follows that: (2.a) When g=1and V(¢=1, u=¢) < § < A(¢=1, p=§),
since no manipulation occurs, disclosures are again fully informative. (2.b) When ¢<1and
V(g<l, u=q¢) < 0 < A(g<1, u=¢§), disclosures are partially informative until a manipu-
lative attempt causes prices to shift in the wrong direction, an event that occurs by the end
of the k" period with probability 1 — (12ﬂ)k.16 (3)Ford < V(q, u>0),the arguments max-
imizing the two functions do not always coincide. This has no implications for L’s strategic
behavior because a*'=a*Y=1. Put differently, if prices shifted, L would always mislead the
market as soon as he is informed. In equilibrium, the market ignores disclosures and L trades
as he does in the single period.

Notice that, over the segmento=A(g<1, u>0) A g<1(oré=V(q, x>0)),any pair a*'=0,
B € [0, 1] (resp., a*’€ [0,1],3"" =1)is also a leader’s best reply. In this case, infinite equi-
libria are possible, where the price shift varies from p=¢¢ to u=¢ (resp., from =0 to u=q¢).
In line with the argument presented below Proposition 2, we refer only to the most informa-
tive one.

The three regions identified in Proposition 3 always exist. In fact, the functions V(q, 1)
and A(q, ) are continuous and V(g=1, u=£)<A(q=1, p=¢). Inparticular,V (¢=1, u=¢)=dv
(asshown inthe benchmark case), lim, o A (g, =€) — 1,and 22%4=2) <0, Figure 2 con-

tains an example with v~ U[—1, 1] to provide a graphical idea of the closed-form solution to
theissue.

[See Fig. 2.]

For any ¢<1, whenever § assumes values just below A(g<1, u=¢), the potential insider
continues leading when informed, but starts bluffing when uninformed. This is due to the
fact that, for any pairdand ¢ € (0, 1) and a positive 1, the overall incentive that an informed
leader has to mislead (rather than lead) optimally today is smaller than the one that the same
leader has to bluff (rather than not to bluff) optimally today when uninformed. On the one
hand, per period the extra-payoff from misleading optimally, [M (x)—£(11)],is smaller than

BFor k=1, the probability of a defection equals ¢ = 1%‘1 For k=2, it equals € + ¢(1 — ¢), that is the
probability of defection today plus that of a defection in period ¢=2, provided a punishment has not yet
occurred. By the end of period ¢t=k a defection occurs with probability € + e(1 — €) + .. + ¢(1 — €)F 1=

1—(1—e)F _ 1+q\k
L gl (ZH"
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that from bluffing optimally, [P (1) — 0].1” On the other, while a misleading strategy implies
a punishment with certainty, a bluffing strategy implies a defection only with probability %
Hence, starting from any pairdandg € (0, 1) associated with a non-manipulative outcome,
by gradually decreasing §, at some point a switch in the equilibrium occurs, to one where L
has no incentive to mislead, but has incentive to bluff.

4 Foundation of mandatory/voluntary disclosure

First we focus on mandatory and voluntary trade disclosure, then extend the analysis to the
voluntary disclosure of (uncertified/non-factual) announcements.

4.1 Voluntary vs. mandatory trade disclosure

To study the foundation of mandatory and voluntary trade disclosure, and highlight the role
of the position limit to which L is subject, together with the role of the asset value proper-
ties, we start withacomparisonwith FH. The corollaries referto aleader constrained onasset
holdings.

In FH, for a disclosure to be forthcoming, it must be mandatory, the reason being that
disclosures reduce the informedtrader’s profits. Given the single period made of n» € {1,2}
rounds, where py=0, suppose that a negligible leader, informed with probability ¢, can
trade a (divisible) unit =, perround, and that v {—b, b} has equally likely priors.'® Under
mandatory disclosure, when L initially sells (or buys), at the equilibrium p;=0 and ps=—bq
(resp., p2=bq). At these prices, an insider aware of v<0 (or v>0) sells (resp., purchases)
xy, twice, whichis a trading strategy that, however, is less profitable than under A. Con-
versely, type s=U randomizes with equal probability between trading z,=xz, xo=—2,
and z,=—xp, xo=xp, €arning a per-period payoff equal to x;bg>0. Because the informed
trader’s loss from disclosure equals in magnitude the uninformed trader’s gain, L’s ex-ante
payoff is higher withdisclosure if q<%.

in fact, M (p)—L(u) <P () . 20 [f3'20 F(0)dv+ [ 2 f (5)dv] <2ppary, [ (1 — 0) f(3)dv>0, for
all 4>0.

When ve {—b, b}, assuming that in round n=1 the insider learns only whether = 0 rather than v=v
does not make a difference, but makes a direct comparison between FH and our model possible.
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Conversely, in our model, under mandatory trade disclosure, the per-period payoff of
any type of leader isequal or greater than under A. Specifically, provided disclosures affect
prices, the expected profits of aninformed leader arealways higher. Thus, if L were tochoose
inwhich market to exchange, \V or A, he would always at least weakly prefer the former.

Corollary 1 When disclosed trades affect equilibrium prices, the leader prefers a system
mandating disclosure to .4, and isindifferent otherwise.

Now, let’s consider a market in which L can voluntarily decide whether or not to dis-
close an undertaken purchase or sale. Since in this market the signal 7=0is more opaque
than when disclosures are mandatory, the conditions for an equilibrium with informative
trades to exist are clearly harder to satisfy. Nonetheless, within the infinitely repeated struc-
ture, equilibria exist where the leader voluntarily discloses trades that shift prices.

Corollary 2 For voluntary trade disclosure, in the single period a unique beliefs equi-
librium exists, where type s=IAv>0 and s=IAv<0 disclose the same signal ~ with equal
probability, trading in such away that 3" z,=z and > z,=—z respectively; type s=U
attaches any probability to any signal, trading insuchawaythat ) z, € [—z,,z;]; and
p,=0.When the period is infinitely repeated, alternative equilibriaexist, where M undertakes
the strategy in Definition 2. Specifically, if & > A(q,u=¢), type s=IAv>0 (or s=IAv<0, or
s=U) signals 7=1 (resp., —1; 0), while M sets u=¢. If V(q,u=q¢) < §<A(q,u=€), upto the
4" repetition, any type s=1 signals and trades as before; with equal probability, type s=U
signals as type s=I Av>0and s=I Av<0do, trading z1 =z ,,xo=—2x and z1=—x1,2,=2x,
respectively; and M sets u=¢¢&; from period j+1 on, the equilibrium coincides with that in the
single repetition of the period.

Proof. See Internet Appendix A. m

As far as the single period is concerned, no equilibrium exists such that prices at the
second auction shift following the voluntary disclosure of an undertaken transaction (or its
absence). To see it, consider any of these off-the-path pricing rules and derive the optimal
response from an insider that observes v=v already in round n=1 and can—but does not
have to—disclose trades. Given this leader’s best response, M turns out to reply to at least
half of the types of insiders—those below or those above 0—with prices that shift in the
wrong direction. For the same reasons adduced for the case of a mandatory disclosure, the
pricing rule in question is not justified, no matter whether an insider observes v= 0 orv=v
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in the first round. In equilibrium, unlike mandatory disclosure, the probability that an in-
sider of type v>0and one of type v<0place on a roundn=1 purchase (or sale; or absence of
disclosure) does not necessarily have to be the same. Nonetheless, the probability that these
types signal 7=1 (or —1, or0) is identical—and can take any value from0to 1 (included)—so
that the information revelation is eliminated and the pricing rule p,,=0 is justified. Indeed,
holding this latter pricing rule fixed, by trading as prescribed in equilibrium but signaling
differently, each type of insider earns identical profits. However, they do not opt for any of
these alternative strategies, since this would cause M to deviate and set an off-the-path pric-
ing rule. Finally, consider those equilibria where no disclosure ever occurs and x; equalsz,
or —z;, orOwhen s=IAv>0o0r s=IAv<0or s=U respectively. These equilibria are robust
to a small probability that M exogenously learns v=v at the end of the first rather than of the
second round.

Within the infinitely repeated structure, when L weighs future profits sufficiently, alter-
native equilibria exist, where until defection (ifany) prices and (voluntary) disclosures—as
a function of the state of the world—are identical to those set in Proposition 3. The reason
for this is that the ‘relevant payoff structure’®® coincides with that analyzed when disclo-
sures are mandatory. Suppose that, at a specific period, >0, and consider an insider who is
aware, for instance, of v >0 (the case inwhich heisaware of v <0 issymmetric). If this trader
does not aim to incur the punishment, he can choose between two options, disclosing a pur-
chase (which requires him tosubmit an initial buy order) or not disclosing any trade (which
does not preventhim from placing either abuy ora sell order). Clearly, the former option is
better, provided the insider buys up the maximum in the first round and subsequently re-
verses the initial position if v<p,. By doing so, he expects to earn £(x>0) in that period.
Conversely, the only way this insider has to incur the punishment is to sell initially and
disclose the undertaken sale. In particular, by trading optimally—selling as much as possi-
ble in round n=1and buying back up to the total exposure cap in n=2—nhe expects to earn
M (1>0). Finally, an uninformed leader can pretend to be informed, disclosing either an
undertaken purchase or sale. In either case, by trading optimally, he expects to earn P (.>0)
in that period. Alternatively, type s=U can avoid disclosure, which assures him that he will
not incur the punishment at the end of the period. In this case, no matter what the quantity
traded in each of the two rounds is, he expects to earn 0 profits. For this reason, while for
V(q,n=q¢) < §<A(q,u=¢)the pre-defection equilibrium trading outcome (asafunction of
the states of the world) coincides with that inProposition 3,for§ > A(q,u=¢),type s=U can

19The term relevant refers to the per-period payoff that the leader achieves—in case the market conditions
on signals—from optimally misleading, leading, bluffing, and not bluffing, and to the indirect implications
that the pursuit of one specific payoff or another has on the probability of a punishment occurring.
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trade differently.

From a regulatory perspective, the model suggests that it is not essential to impose pub-
lic disclosure, as long as an investor with a cap on total exposure can voluntarily commu-
nicate trades. This result relies on general asset value properties, generalized even further
below. Conversely, the length of punishment plays no role: The trader discloses voluntarily
simply because he always earns at least as much as he does under A, both when informed
and uninformed. Voluntary dissemination of information results from the investor’s will to
communicate trades, which reveals a link to the literature on uncertified/non-factual mes-
sages.

The next corollary highlights which asset value properties drive the results obtained so
far, when the leader is constrained on asset holdings. To explain the corollary, we consider
a situation where disclosures are mandatory and present, in sequence, two examples that
refer to a symmetric distribution of v, centered around 0 (an event which, for the time being,
Is assumed not to be possible). The first example helps our understanding of the second,
in which specific conditions on f(v) for an informed type to send meaningful signals are
identified.

The distinguishing feature of the first example is that, whenever L turns out to be in-
formed about v>0 (or v<0), he is forced to exchange z =z, (resp., z;=—x). Whether the
two-round period is repeated or not, it is easy to derive that, in equilibrium, an uninformed
leader—who has not been constrained in the direction of the initial trade—randomizes with
equal probability between trading z;=x,, vo=—2x; and z1=—x,, o=2x . Because in this
example the disclosure by an informed type is indirectly assumed to be informative, the
equilibrium price p, following a purchase (resp., sale) shifts to ¢& (resp., —¢&), a value that
allows type s=U to achieve a positive payoff—rather than 0, which is how much this type
gets under A—from a reversal. In other words, the first round equilibrium orders by any
type of leader and equilibrium prices coincide with those in FH. Nonetheless, and differ-
ent from FH, mandatory disclosure allows an informed leader to earn either more than or
as much as what he earns when disclosures are concealed, depending on the asset value
properties. To see this, define, with >0, the realization of v that is closest to 0 from the right.
When f(v) is such that ¢¢ < r, rather than undertaking an unprofitable reversal, the insider
prefers not to trade inn=2,which is why his per-period payoff equals that achieved under A.
Conversely, when r<g¢, any insider aware of |v|<|q&| reverses the initial position, earning
more than under A.

The second example refers to a leader who is not forced to undertake any particular
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action in any first round. Whend > A(q,u=¢), at a specific period, if he turns out to be in-
formed (or uninformed), he expects to earn more than (resp., as much as) under A, provided
that disclosures are believed to be informative and at the same time f(v) is such that r<¢.
This latter condition ensures that L has an incentive to lead, in that those types of insider
aware of —&<w<0(resp., 0<v<) increase their profits by reversing the initial position in
n=2, exchanging at a price P,(7=—1)=—¢ (or P»(7=1)=¢). Specifically, any symmetric dis-
tribution of v is such that the latter types find the reversal profitable, unlessve {—b, b}, in
which case the reversal does not generate any additional revenue and thus there is no in-
centive to lead. When V(q, u=q¢) < §<A(q, n=§), at a specific period, any type of leader
expects to earn more than under A, provided disclosures are believed to be informative and
f(v) is such thatr<q¢, a condition that allows any insider to increase his profits by re-
versing his initial leading position, exchanging at a price P (7=—1)=—¢& (or P»(7=1)=¢¢),
whenever he learns about —gé <v<0(resp., 0<wv<q&). However, in this case the existence of
two possible realizations of v above (or below) 0 does not guarantee that the conditionr<gé
Is satisfied. The intuition proposed in this second example is generalized here.

Corollary 3 Relax the assumptions of a symmetric f(v) and a F'(v) being absolutely con-
tinuous w.r.t. the Lebesgue measure, and consider v€VCR, where E[v] is normalized to 0,
such that:

R1: Pr(v<0)=Pr(v>0)=1; R2: Pr(—vy<v<0)=Pr(0<v<7y)# 0;
R3: Ev|b<v < —9)]=—FE[v]|y<v<b]; R4: Ev| —y<v<0]=—E[v| 0<v<n];
whereb=minv €V, b=maxv €V,andyequals¢ (or ¢€)if 6 > A(q,u=¢) (resp., V(q,u=q€)

< 6<A(q,n=£)). Under restrictions from R1to R4, all the preceding results still hold. In
particular, those in the single period only require R1to be satisfied.

Notice that |b| does not have to equal b. More generally, as is clear from R3 and R4, even
for the results in the infinitely repeated framework, a symmetric f(v) is no longer required.
R1 has two implications. On the one hand, it ensures an equal probability mass above and
below E[v], a restriction that is sufficient to guarantee that the results in the single period
hold. For instance, the proof to Proposition 1 relies neither on the support of v being con-
tinuous, nor on the number of types of insider above and below p, being equal, nor on the
specific distance between each type of insider and 0, nor on whether a realization of v above
(or below) 0 is more likely than another realization lying on the same side of the support.
On the other hand, R1implicitly tells us that v=0is either a zero-probability event or simply
not possible, depending on whether or not the support of v is continuous around the initial
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price. This ensures that, whenever informed, a leader is clearly aware whether the funda-
mental value is above or below 0. In this way, in the infinitely repeated framework, no am-
biguity arises about whether a signal pushed the market price in the wrong direction or not.
For the results inProposition 3 and Corollaries1and?2 to hold, R2is necessary to ensure that
the investor has an incentive to lead. In fact, when this restriction holds, he can earn more
than under .4 whenever he learns about —y<v<0and 0<v<- by reversing the initial posi-
tion in the second auction, exchanging at a price equal to Py(7=—1)=—~and Py(7=1)=y
respectively. R2 implicitly requires the existence of at least four distinguishable realiza-
tions of v, two greater than 0, and two smaller. Specifically, for V(q,u=¢¢) < 6<A(q,u=¢)
(oré > A(q,u=¢€)),at least one realization of v has to lie somewhere over both (—¢¢, 0) and
(0, &) (resp., (—¢,0)and (0, £)). When R2 s satisfied, it follows that at least one realization
of vis lying somewhere over both [b, —¢£]and [¢, b]. On the contrary, the results in the single
period holds even when only two realizations, one greater and one smaller thanp,, are pos-
sible. Finally, R2-R4 ensure that an insider aware of v<0and one aware of v>0achieve the
same payoff from leading (or misleading).

4.2 Voluntary production of (un)favorable announcements

In this subsection we consider the disclosure of messages, voluntarily selected and sent at
no cost, when the market is able to interpret any sort of signal in (up to) three distinctive
ways, whatever meaning is assigned to each different class of messages—that is, no matter
what the beliefs following a message belonging to one specific class or another are.

Differentfrom the voluntary (buttruthful) disclosure of trades—inwhich case the follow-
ing exogenously fixed mapping exists: ‘L buysinn=1"— 7=1; ‘Lsellsinn=1"— 7=—1—a
priori uncertified/non-factual messages are not associated with any transaction undertaken.
Hence, their disclosure is equivalent to the disclosure of non-necessarily truthful trades.

Consider a leader that, at the beginning of the #*"-period second action, sends a mes-
sage ¢; m€ ®,,, C ¢, m € {—1,0,1}, where ¢, ,, is a priori not correlated with any unob-
servable trade, ® is the universe of non-costly (verbal or non-verbal) messages, ®,, N ®_,,
=g and ®,, # @. In particular, inactivity by a leader that decides not to send any mes-
sage is a signal per se. The corollary below defines equilibria when uncertified/non-factual
messages are sent. When the single period is not repeated, signals are never informative.
This is because, given a pricing rule with prices that react somehow to a specific signal or
another,and L’s associated best response, the pricing rule in question turns out to be wrong
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in expectation. Conversely, within an infinitely repeated framework, signals can become in-
formative, as long as a clear punishment scheme is defined. Here, suppose that M’s trigger
strategy is to set p1=0, pa(@; )=—py(¢; _;)='> 0, and pa(g, 4)=0 in the first period. Sup-
pose also that, at any subsequent period, if the outcome of all the preceding periods has
been either ¢, ; Av>0 or ¢; _1Av<0 or ¢, o, M continues playing as he did before, and sets
p,=0 otherwise.?°

Corollary 4 Consider amarket where uncertified/non-factual messages are publicly sent.
Under R1, inthe single period aunique beliefs equilibrium exists, where type s=I Av>0and
s=IAv<0disclose the same signal ¢; ,,, with equal probability, trading in such away that
>z, =vpand . x,=—z respectively; type s=U attachesany probability to any signal,
trading insuchawaythat }" x,€ [~z ,z,]; and p,=0. When the period is infinitely re-
peated, under R1-R4, alternative equilibria exist. Specifically, if 6 > A(q,u=¢), type s=IA
v>0(or s=IA\v<0,0r s=U)signals ¢; ; (resp., ;1 ; ¢:0) and trades optimally insuch away
that z1=x, (—zr, 0), while M sets //=£. If V(q,u=¢€) < d<A(q,u=£), up to the ;% repeti-
tion, any type s=1I signals and trades as before; with equal probability, type s=U signals
as type s=IAv>0and s=IAv<0do, trading 1=z, xo=—2x and z1=—x ,,,=2x, reSpec-
tively; and M sets ii/=¢&; from period j+1 on, the equilibrium coincides with that in the single
repetition of the period.

Proof. See Internet Appendix A. m

Predictably, in the single period, prices do not react to messages. Recall that the market
is not only unable to condition on trades that are disclosed voluntarily. It also cannot
extract meaningful information when trades are mandated, in which case no discretion
other than that on the trade to be made is left to the investor. Thus, when none of the
messages is tied to a specific transaction, the general result cannot be other than confirmed.
In particular, all the equilibria where, in the first auction, an insider aware of v>0 (or v<0)
purchases (resp., sells) x;, and an uninformed leader does not trade display robustness to
a small probability that M exogenously learns v=v at the end of the first rather than of the
second round.

Within the infinitely repeated structure, as long as signals are believed to be informa-
tive, a leader that weighs future profits enough finds it optimal to send messages that push

20 Although the set @,,, does not necessarily have to include the same number of messages over pe-
riods, this additional complication would not alter the analysis, provided a reshuffle in the way these
uncertified/non-factual messages are categorized becomes commonly known as soon as it occurs.
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the market price in the right direction whenever informed, at the same time trading in a
way that maximizes his profits. In fact, a justifiable price shift x/>0 allows an informed
trader to earn more than under anonymity any time the fundamental value turns out to lie
between the equilibrium price p, and the starting price po. Only when the signal ¢, ; (or
¢;_1) in expectation conveys information concerning an increase (resp., decrease) of the
asset fundamental value, we can call this message favorable (resp., unfavorable). Clearly,
the notion of consistent rather than truthful behavior (orsignal) should be adopted.

With reference to van Bommel’s (2003) study, which is often cited when referring to
a trader that spreads rumors,?* the structure proposed herein is more general, and allows
for several innovative existence results. Indeed, the two models in van Bommel (2003) are
more a characterization of a pure strategy equilibrium rather than a proof of existence and
for different reasons they are not quite right. The present work contributes to the literature
by reconducting them to a unique problem and establishing a firmer foundation for the
issue of information-based manipulations (see Internet Appendix B).

5 Robustness (Part 1): On history-contingent beliefs

The objective of this section is twofold: First, for each pair § and ¢, to highlight which
restrictions on initial beliefs are sufficient to guarantee that, if any price shift at period ¢
occurs in equilibrium, the way this price reacts in response to a specific signal or another,
disclosed at period ¢, is unique—we term this result price-shift uniqueness; second, to
underline how the equilibrium prices that the unique M sets when breaking even by select-
ing a trigger strategy—no matter whether supported by a specific punishment scheme or
another—coincide with those set by competitive bidders.

5.1 Price-shift uniqueness

Within the infinitely repeated structure, an unlimited number of alternative history-
contingent pricing rules can be part of an equilibrium. For the same pair 6 and ¢, on the
one hand, the way prices shift following the same disclosures can differ; on the other,
equilibria exist where, at some point following a defection, prices can start shifting again.

2See, e.g., Aggarwal and Wu (2006), Allen etal. (2006), Klumpp (2007), Goldstein and Guembel (2008),
Kyle and Viswanathan (2008), Engelberg and Parsons (2011), Putnin$ (2011).
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To start with, it is worth noticing that, any time signals are believed not to be infor-
mative in a specific period, the leader cannot do any better than trading as he does when
that period is not repeated, a behavior that confirms the market maker’s initial beliefs. As a
consequence, for each pair ¢ and ¢ and a specific equilibrium pricing rule such that at pe-
riod ¢=1 prices react to disclosures, infinite other equilibria exist, where prices start shifting
according to the same rule from period ¢>1, as if history started from period ¢, while in the
preceding ¢ — 1 periods prices do not react to news. Although no limit can be set to the
initial number of periods in which disclosures are believed not to be informative, in the
following analysis there is no loss in generality in assuming that, if prices shift, they start
shifting from period ¢=1.

When selecting among triggers, it seems natural to think of the following minimal
conditions.

Condition 1 At period ¢, only 7=0 (or ¢; o) is never interpreted as a defection.

Condition 2 At period ¢, Py(1=—1) 2 0 & P,(7=1) S 0 (0r P3(¢;w) 2 0 < Py(ds 1)
< 0, where w - @’ <0).

Condition 1 requires the signal 7=0 (or ¢; (), disclosed at period¢, to be the only signal
following which no punishment at period¢+1 is applied, even if this signal causes the price
at period ¢ to move in the wrong direction with respect to ». Condition 2 states that, if
Py(1=1) (or Px(¢;)) shifts from 0, then Py(7=—1) (resp., Px(¢;»)) should somehow
shift too, but in the opposite direction, and vice versa.

Evenwhen restricting our attention justto Grimtriggers, if only the first or second con-
dition is imposed, for a variety of pairsdand ¢, equilibria exist where prices shift differently.
This is shown in examples below. To simplify the argument, we focus on the case of manda-
tory trade disclosure and refer to the fundamental value properties defined in Section 2.

First note that, when both conditions hold, the trigger in Definition 2 is not discarded.

The second condition alone is not enough to guarantee price-shift uniqueness. For in-
stance, consider the following trigger strategy, which ensures that no punishment is applied
when a sale is disclosed. The trigger differs from the one in Definition 2 in the function
Py: 7=1 — pp=€£,7=0V 7=—1 — py=—q&,? and in the following sequential condition: At
the second auction of the ¢ period, if the outcome of all ¢+ — 1 preceding periods has

22The symbol V stands for or.
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been 7=1 A v>0 or 7=—1, then play Pj; otherwise, set p,=0. For sufficiently high ¢ and
sufficiently small ¢, this alternative trigger strategy is part of an equilibrium in which no
defection ever occurs. In detail, when uninformed, L trades z,=—x, xzo=2x,, expecting to
earn positive profits; when L observes v<0 (orv>0), he trades z;=—xz, (resp., z1=x,), sub-
sequently trading zo=2x, if —g&<wv (resp., zo=—2x, if v<§), or z,=0 otherwise, expecting
to earn more than under .A. This equilibrium depends on disclosed sales never being clas-
sified as defections, while it is irrelevant whether a disclosed inactivity is never considered
to be a defection too. This is because L has no incentive to signal 7=0.23 The first condition
discards this alternative equilibrium.

Likewise, the first condition alone is not enough to guarantee price-shift uniqueness.
For example, consider a Grim trigger that satisfies the first condition, with a pre-defection
pricing rule Pj such that Py (r=—1)=Py(7=0)=0 and P} (7=1)=¢. When L is informed
about v<0 (or uninformed), in the first round of each period he is indifferent about not
trading and selling some quantity, provided he subsequently trades optimally in n=2. In
fact, in either case he expects to earn z ¢ (resp., 0 profits)—that is, as much as under A—
without incurring punishment. It follows that, for sufficiently high values of 4, equilibria
exist in which a type informed about v<0 and an uninformed type hide their information
completely, randomizing with identical probability (even 0 or 1) only between 7=0 and
7=—1. Indeed, the leader’s objective is to earn more than under .4 whenever he turns out
to know v>0, in which case he expects to earn £(;=¢) per period by disclosing a purchase
and trading optimally. Since the second condition prevents P, (7=—1) from equalling 0
when PJ'(7=1) differs from 0, this alternative equilibrium is eliminated.

Provided the first condition is satisfied, when changing the mapping P, by gradually
shifting the price response to the signal 7=—1 from 0to positive values, for ¢ sufficiently
high, informative equilibria can be identified immediately, in which L discloses inactivity
today when he is aware of v<0 or uninformed. In fact, in this case the signal 7=0is the
only one that allows him not to defect with certainty and earn as under A today, but more
than under A—that is, £(u=¢)—any time he is aware of v>0in the future. The joint effect
of both these conditions discards this counterintuitive equilibrium too, since the price re-
sponse to the signal 7=—1 isrequired to be negative when the price response to the signal
T=11s positive.

Now, let’s draw the attention just to Grim trigger strategies such that, before defection,

230n the contrary, for high values of ¢, this alternative trigger is not justified. Rather than leading—i.e.,
signaling 7=1—an insider aware of >0 prefers to trade xy=—x,x2=2x—i.e., to signal 7=—1—in this
way causing the price to shift in the wrong direction with certainty, without being punished for it.
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the way period ¢ prices reactto period ¢ disclosures is identical among periods. Under manda-
torytrade (orvoluntarytrade, or uncertified/non-factual message) disclosure, for the same pair
0 and g, more than one pre-defection pricing rule can, in some instances, simultaneously sat-
isfy the market efficiency condition and the two conditions above. However, as an indirect
consequence of the next lemma, the associated outcome is identical, provided Condition 3
(presented below) holds too. This outcome coincides with that in Proposition 3and Corollary
2 (both generalized in Corollary 3) for what concerns mandatory and voluntary trade disclo-
sure respectively, andwiththat in Corollary 4 forwhatconcerns uncertified/non-factual mes-
sages.

Lemma 5 Consider trade (or uncertified/non-factual message) disclosure, an infinitely re-
peated structure, and beliefs that are restricted to be such that, at period ¢, Condition 1 and 2
hold. When P (7=1)>0 (resp., P2(¢im=0) 7 0) and P (7=0) (resp., P»(¢;0)) is ‘sufficiently
close’ (but not necessarily equal) to 0, both types of insider prefer to lead, signaling 7 # 0
(resp., @i m=0), rather than to signal 7=0 (resp., ¢; o). Prices that shift differently are never
justified.

Proof. See Internet Appendix A. m

For brevity’s sake, let’s refer to the case of mandatory/voluntary trade disclosure.

To give an insight into this lemma, notice that the two conditions above restrict the analy-
sis to two classes of pre-defection pricing rules, Py(7=1) < 0 < Py(7=—1) and Po(7=—1)
< 0 < Py(7=1), setting no condition on whether the missed disclosure of apurchase or asale
shifts prices (for what concerns uncertified/non-factual messages, the intuition is slightly
simpler thanwhat isexplained here and the related implications are in line withit). (i) When
Py(1=1) < 0 < Py(r=—1), noequilibrium with informative disclosures arises. In fact, while
for P,(7=0) # 0 the market efficiency condition does not hold, for P»(7=0)=0 an insider
aware of v>0 (or v<0) prefers to signal 7=0 rather than leading—i.e., disclosing 7=—1
(resp., 7=1)—which causes no departure from A to occur. (ii) When Py(7=—1) <0 <
Py(7=1), (ii.a) if P,(7=0) isnegative (or positive) andset ‘too far away” from 0, the market
efficiency condition does not hold. Infact, aninsider aware about v>0 (resp., v<0) prefers
tosignal 7=0—that is, to pretend to be uninformed, moving the price down (resp., up) with-
out being punished for that—rather than leading. Instead, (ii.b) if P»(7=0) is *sufficiently
close’ (orequal) to O—in detail, for P5(r=0) such that [~V [0 — Py(r=1)] f(0)dv <

@ < [ Pm=0_ py(=—1) — 9] f(v)d, where o equals 4 (or 2) when disclo-

sures are mandatory (resp., voluntary)—both types of insider preferto lead optimally rather
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than signaling 7=0.

Condition 3 If at any point in time the leader turns out to be indifferent, given his multi-
period decision problem, between misleading (or bluffing) and leading (resp., not bluffing)
optimally, he is believed to opt for the latter alternative with probability 1.

When beliefs are restricted in such away that Conditions 1 and 2 hold, if prices move,
under R1-R4, the shift only follows a disclosed purchase or sale, turning out to be positive
or negative respectively, but—because of the symmetry of f(v), the space of actions, and the
consequencesthat the misleading behavior of one orthe other type ofinsider imply, and thanks
to Condition 3—equal to ¢£ or & in magnitude, depending on whether V(q, p=¢¢) < 6<
A(q, p=€) oré > Alq, n=£) respectively. Together, the marketefficiency condition and Con-
ditions 1 and 2 also imply that, if the signal 7=0 is sent, it never shifts equilibrium prices.
Indeed, equilibrium pricing rules exist, with prices that at a certain period respond, with a
shift, to the signal 7=0 disclosed at the same period. For instance, when § > dy/Ag=1 or
when V(q, n=q¢¢) < 6<A(q, p=£) A g<1, any Grim trigger with a pre-punishment pricing
rulesuchthat, atevery period before defection, P (7=1)=—Py(7=—1)=¢{ and 0<| P (7=0) |
< 0¥ (g€ — ) f(v)dv also satisfies the market efficiency condition and Conditions 1 to
3. Nonetheless, the associated equilibrium outcome coincides with that derived when prices
shiftaccording to the trigger in Definition 2. The reason being that, before defection (if any),
no type of leader finds it optimal to disclose 7=0. Thus, there is no loss in generality in assum-
ing that, ateach period, P»(7=0)=0.

When the following two inter-temporal restrictions on beliefs also hold, for every pair
0, q, itis possible to identify a unique way inwhich prices ata certain period can shift inre-
sponse to one disclosure or another, sent at that period. This result is presented in the next
proposition.

First notice that, even when the Grim punishment is taken into account and Conditions
1to 3 hold, there exist equilibria such that, before defection, a (finite, well known) number
of periods in which disclosures are believed to convey information concerning what L ob-
serves is alternated with a non-necessarily equal (but finite and well known) number of peri-
ods in which no disclosure is believed to be informative. The next condition restricts beliefs
by eliminating this option. Otherwise, for the same pair ¢, ¢, depending on how regularly,
before defection, periods in which disclosures are believed to be informative are alternated
with periods in which they are not, the incentive to mislead (or bluff) as an alternative to
leading (resp., not to bluff) is affected, with clear consequences on the way pre-defection
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prices can react to disclosures.

Condition 4 If atacertain period disclosures are believed to be informative, also ateach
subsequent period they are believed to be informative, in one way or another, until a defec-
tion occurs.

Second, consider any pair ¢ and ¢ such that a specific equilibrium pricing rule exists,
where pre-defection price shifts are supported by a Grim punishment. For almost?* all these
pairs ¢ and ¢, an identical pre-defection pricing rule followed by a less severe punishment
(thatis, a non-Grim punishment) is also part of an equilibrium where, at some point after
defection, prices start reacting to disclosures again. Condition5 constrains beliefs formed
in response to a disclosure—and prices set by a market maker holding those beliefs—as
follows.

Condition 5 Let beliefs be such that: (i) Before each defection, if prices shift, they shift
as if, after defection, a Grim punishment occurs. (ii) After a specific defection, (at least in
some periods) prices can shift, provided the implicit punishment following this defection
represents a deterrent to support past prices, equivalent to the Grim punishment.

To see the implications of this condition, let’s refer, for the sake of simplicity, to the
result in Proposition 3. For § > V(q, u=q¢), if prices start reacting again after defection,
and in a way that does not represent a deterrent that is as strong as the Grim punishment,
before a first defection the incentive to mislead (or bluff) as an alternative to leading (resp.,
not to bluff) can be affected.?® Condition5 eliminates this possibility.

Proposition 4 Consider trade (or uncertified/non-factual message) disclosure, the infinitely
repeated structure, and beliefs that are restricted in such a way that Conditions 1to5hold.
Under R1-R4, at any period disclosures can affect prices if and only if they are believed
to be informative. At a specific period, if the equilibrium price p, increases (or decreases),
foréd > A(q, p=¢), this shift equals £ (resp., —&) and follows the signal 7=1or ¢, .- (resp.,
T=—10r ¢; ), ent by type s=I Av>0 (resp., s=1 Av<0); for V(q, p=q¢) < 6<A(q, u=¢),

24For an intuition concerning the weight of the adverb ‘almost’, see immediately below Proposition 4.

ZConsider the Grim trigger in Definition 2. When a weaker (or much weaker) punishment is threatened,
for at least some (resp., all) pairs ¢, ¢ such that V(q, u=¢¢) < §<A(q, u=£), equilibria where disclosures
are never informative can arise. Similarly, for at least some pairs §, ¢ such that § > A(q, u=¢)—but never
for pairs with an extremely high value of 5—equilibria with either manipulative or not informative (resp.,
equilibria with not informative) disclosures can arise.
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it equals ¢¢ (resp., —q&) and follows the signal 7=1 or ¢; - (resp., 7=—1 0r ¢; ), sent by
types s=IAv>0 (resp., s=I Av<0)or s=U.For §<V (g, u=q&), no shift ever occurs.

Given Conditions 1 to 5, for 6=V (q, p=q&) and 6=A(q, n=¢), before a first defection (if
any), equilibrium prices shift only if, after this defection, M believes that every disclosure is
not informative—that is, if all post-defection prices equal 0. Conversely, for each pair 6, ¢
such that V(q, p=q&)<d<A(q, p=£)ord>A(q, p=¢), equilibria exist where, after defec-
tion, prices start reacting to disclosures again. In this case, not only the Grim punishment,
but also other less severe punishments, represent equivalent threats that support (and there-
fore justify) pre-defection price shifts. In particular, for V(q, p=¢&) <0 <A(q, p=¢&) N q<1,
an unlimited number of alternative post-defection equilibrium outcomes is possible. To see
it, for each of these latter pairs § and ¢, consider any equilibrium pricing rule such that,
immediately after a first defection, M punishes by reverting to single period equilibrium
behavior for a minimum, finite, number of periods which make the entire post-defection
pricing rule in question sufficient to support all prices set before that defection. Clearly, in-
finite other equilibria exist where, following the same defection, M correctly believes that
no disclosure is informative at all, for a finite number of periods greater than this minimum
number.

5.2 Competition and punishment equivalent bidding outcomes

In this subsection we focus on whether even the winning price resulting from competition
among bidders can turn out to be in some sense the punishment equivalent to L’s intrinsic
misbehavior against past bidders. When doing so, rather than a unique market maker, con-
sider a set of at least two competitive bidders per auction, bidding once and then quitting.

In this context, the following needs to be spelled out. First, in defining the equilibrium,
a strategy by each bidder that maximizes his expected payoff is required, in alternative to
the market efficiency condition. Second, bidders are assumed to be risk-neutral and to have
the same initial beliefs conditional on past history. Third, because each bidder trades only
once, in the context of an infinite repetition of the period, no discount factor § is considered
when computing his realized payoff. Nonetheless, each bidder cares about past and future
history, and about ¢, which affects L’ssignaling strategy over time.

Clearly, at a specific (per-period second) round, the only initial beliefs that always turn
out to be confirmed in equilibrium, independently of future beliefs, are those about any
history of disclosures that are not informative at that round.
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Still, any equilibrium achievable with a single market maker that breaks even in ex-
pectation can also be achieved when competitive bidders come to play. For instance, con-
sider a pair ¢ and g which is such that an equilibrium Grim trigger supports pre-defection
informative disclosures. When competitive bidders are taken into account, an equilibrium
exists, where they set prices identical to those offered by aunique M selecting the Grim trig-
gerin question. This equilibrium exists because of the awareness all players share about
post-defection prices being set by bidders who disregard disclosures, which justifies pre-
defection beliefs and equilibrium prices. More in general, given the definition of equilib-
rium employed herein, it is the awareness of what future bidders may or may not believe—
and therefore about any implied punishment equivalent bidding strategy by those bidders
competing over future prices—that supports equilibrium responses by current bidders,
when the latter believe that the history of disclosure currently observed is somehow in-
formative.

6 Robustness (Part Il): On private information arrival
and trade size disclosure

This section discusses alternative versions of our model, with a potential insider con-
strained on asset holdings. The following assumptions are relaxed: (1) A public disclosure
about the direction of trade, but not its size; (2) a quality improvement (from each first to
second round) in the private information possessed by an informed leader.

We show that equilibria exist, the outcomes of which are in line to those derived so far.

By twisting the first assumption, our structure is sufficient to account for the full range
of consequences that the following four regulations—which are alternatives to the manda-
tory or voluntary disclosure of trade direction—imply: Mandatory trade size disclosure;
voluntary disclosure of trade size when trade direction cannot be revealed separately; vol-
untary trade size disclosure when revelation of trade direction is mandatory; voluntarily
disclosure of either trade direction or trade size or nothing.

The second assumption is relaxed by analyzing a leader that, when informed, observes
v=v from the first auction. Even in this case, the model is such that an equilibrium charac-
terization can be made, both when examining a market in which the disclosure of trades is
regulated (in one of the six ways listed above) and when studying uncertified/non-factual
announcements.
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Specifically, an analysis that focuses on two auctions per period is enough to under-
stand the implications of a framework that, depending on the case, allows the trader to
choose between a number of signals that is either equal, greater, or smaller than the num-
ber of possible realizations of s and v observed by the leader in the first auction. When
the single repetition of the period is taken into account, this result is presented under the
more general assumption of a non-specified but finite number of auctions.

6.1 Single repetition of the period

Thissubsection considers any sequence of finiterounds, n € {1, .., N'},tohighlightthat, for
any non-degenerate random variable v€V, and no matter whether in n=1 an insider learns
only v= 0 or v=v, equilibria exist, where M ignores disclosures and thus the price at each
action, p,eq1,.., N}, €quals 0. At these equilibria, in each of the first V — 1 rounds, any insider
disregards his information and sends a signal—observable with a round of delay—which is
(under probability) identical to the one that any other type of insider would send at the same
round. Conversely, any sequence of signals can be part of the uninformed leader’s equilib-
rium strategy.

To better characterize these equilibria, we sketch how the model’s structure is affected,
with respect to the one presented above, in the case of any finite number of auctions. The
following specifications will also turn out to be advantageous in the next subsection.

When the disclosure of trade direction is mandatory, L’s trading strategy and M’s pric-
ing rule, X=(Xy,..,Xy) and P=(Py, .., Py) respectively, are updated as follows. On
one side, X,~1: {U} U ({I} x [=b,b]) —[—2p— S i7" wpw— SO0 " 2], S0 that z,5,=
X,51(v=0, 5=5); on the other, P,~;: {—1,0,1}"""'— [=b,b]. In equilibrium, an unin-
formed leader trades in such a way that ) x,€ [—z,, 2], while any insider aware of
v>0 (or v<0) trades in such away that 3"z, =z, (resp., 3 x,=—x), provided at round
n € {1,..,N — 1} all types of insider send the same signal with equal probability (even
0 or 1). The same happens when the regulation mandates trade size disclosure, in which
case €2,,~1, that is M’s information set at auction n>1, equals {z,, .., z,— } and thus P,~1:
[Tl —2— >0 @i — Y5 ]— [=b,b]. The result is unaffected when trade size
disclosure is forbidden and revelation of trade direction is voluntary (or when trade size
disclosure is voluntary, whether the disclosure of the sole trade direction is mandatory or
not possible; or when L can voluntarily disclose trade size or trade direction or nothing).
Interestingly, these equilibria hold even when the leader discloses uncertified/non-factual

36



Public Disclosure by "Small" Traders Luca Gelsomini

messages, uncorrelated with the undertaken transaction, at any step of any round (that is,
even when a signal becomes publicly observable in round n=1).

To see why these equilibria exist, suppose that M believes that signals are not informa-
tive. Asaconsequence, at each auction he will ignore them and set the price p,c(i,.., vy equal
to £[v], which we normalize to 0. Holding this pricing rule fixed, note that, at any round but
the last one, each type of leader is indifferent about exchanging one quantity or another
(even 0), provided he trades optimally in round N. The reason being that, for each of these
types—»but not, of course, among types—the per-period payoff associated to any of these
alternative sequences of transactions is identical. In particular, each of these trading plans
is (partof) a best reply, in that it is not possible to earn more otherwise. It follows that, when
all types of insider signal identically, the pricing rule is justified.?®

6.2 Infinite repetition of the period

We examine an infinitely repeated two-round period. To ease exposition, we refer below to
areal asset value, v, whose properties are those defined in Section 2 and, for what concerns
any regulation about public trade disclosure, to symmetric Grim triggers with the following
three main characteristics. (1) Ateach second round before defection, (1.a) the function P, is
identical and such thatthe revelation aboutapurchase (oraboutaspecific purchased quantity)
causesapositive priceshiftthatequalsinmagnitude the negative shift following the revelation
aboutasale (resp.,aboutanidentical quantity, whensold); (1.b) whenthe regulation mandates
(orallowsfor)tradesizerevelation, P, isnon-decreasing inthe disclosed quantity z; (1.c) ab-
sence of any disclosure causes the price not to shift; (2) L is thought of as defecting when, at
the end of a certain period, it happens that p,v<0; and (3) as soon as a defection is observed,
M punishes by reverting to single period equilibrium behavior forever. When appropriate, the
implications ofalternative Grim punishmentschemes will be analyzed. Specifically, since we
aredealing with Grimtriggers, we only refer to L’s strategy and M’s pricing rule before defec-
tion (ifany).

ZSimilarly, when K € N potential insiders are present in the market, whether or not they are simulta-
neously informed, the main conclusion is unaffected, providing these traders are small also in aggregate. In
fact, for any non-degenerate random variable, an equilibrium exists, where these traders’ strategies can differ
from one another, but each of these traders plays as when no other leader exists, and prices equal E[%}.
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6.2.1 Trade size disclosure when the insider learns information gradually

Consider an insider that in the first round observes v= 0, and learns v=v only inthe second.

When mandatory/voluntary trade size disclosure is taken into account, the following
four regulations can be identified. For each of them, at least one equilibrium with informa-
tive disclosures exists, whose outcome in terms of traded quantities (as a function of the
states of the world) and prices (as a function of traded quantities) is identical to that pro-
posed in Proposition 3, where a regulation that imposes disclosure of trade direction but
conceals trade size was examined. Further details about the equilibria in question are pre-
sented below.

First, let’s consider mandatory trade size disclosure (or voluntary disclosure of trade
size when trade direction cannot be revealed separately, in which case the signal x;=0
implies absence of disclosure), and focus on pre-punishment pricing rules such that, at
the second round of each period, Py(z1)=—Ps(—x1) > 0. ForV(q, p=q¢) < §<A(q, u=¢)
(oré > A(q, n=£)), an equilibrium exists where P, (z1=x,) equals~, which we defined in
Corollary 3. Specifically, for an argument in line with that produced when studying the vol-
untary disclosure of trade direction (see Section 4), even when the regulation allows for
the sole voluntary disclosure of trade size, in equilibrium the leader reveals undertaken
purchases and sales.

Second, let’s consider a regulation that allows for a voluntary trade size disclosure
when revelation of trade direction is mandatory (or aregulation that allows the volun-
tary disclosure of either trade direction or trade size or nothing)—the consequences being
that the signal {7=0, x;=0} implies no effective exchange (resp., no revelation about any
trade undertaken) in n=1, and {7 # 0,2,=0} implies no trade size revelation—and focus
on a per-period pre-punishment pricingrule Ps: {—1,0,1} U [—z ;2] — [—b, b], which
maps the pair 7=-, 2,=0 in the same way as the function P}¥ does with 7=, and whichis
suchthat Ps(7=-, x4 > 0)=—Ps(7=+,—x1) > 0. For V(q, p=¢¢) < 6<A(q, u=¢) (or o >
A(q, p=¢)), anequilibrium exists, where Ps(7=1,x;=x) and Ps(7=1, x;=0) both equal
~. Before defection, each type of insider is indifferent whether or not to disclose trade size
(resp., between the meredisclosure of trade direction and the revelation of tradesize, twoal-
ternatives thatare both preferred to absence of disclosure). Inequilibrium, aleader that ob-
serves v>0 (or v<0) reveals the purchased (resp., sold) quantity with probability 5,€ [0, 1]
(resp., ,€ [0,1]), while with probability 1<, (resp., 1—¢,) heonly discloses information
about trade direction. Specifically, for V(q, u=q¢) < 6 <A(q, u=¢), type s>U pretends
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to be informed, disclosing how much he initially purchased or sold—as opposed to reveal-
ing only the direction of the trade—with probability <; and ¢, respectively. Notice also that
there exist pre-defection pricing rules P; inresponse to which no type of insider is indiffer-
ent between disclosing trade size and trade direction: For V(q, p=q¢¢) < d<A(q, p=¢€) (or
d > A(q, u=¢€)), when P;(7=1, z,=0) equals v and P;(7=1,z;=x) issmaller than ~, in
equilibrium all types of L (resp., ofinsider) only disclose trade direction; conversely, when
P; (=1, 2,=0)<P5(7=1, z1=x,)=, they disclose tradesize.

Afinal remark, which applies to any of the four regulations just considered, is worth
noticing. Aswe saw, given the class of trigger strategy in use inthis subsection, the (manda-
tory or voluntary) revelation of trade size allows for a more transparent signaling channel
such that equilibria exist, where the pre-defection pricing rule assigns to each of the infi-
nite, different disclosures one out of more than three alternative meanings—in other words,
given the trigger strategy in question, equilibria exist where, at each second auction before
defection, at least two different disclosures pertaining a purchase are followed by a posi-
tive price shift, which however differs in magnitude. Nonetheless, the outcomes associated
tothese equilibria are identical.

Inparticular, nosophistication ofthe notion of defectiontriggering the Grim punishment—
thatis, the secondrestriction (outof three) thatcharacterizes the trigger strategy defined atthe
beginning of Section 6.2—can inany way lead to afurther increase, interms of outcome, of
the information embedded into prices. The reason forthisresult relatesto the number of pos-
sible realizations of s and v observed by L ineach first auction, which is the same as in the
previous sections, and to the role that the market efficiency condition plays inequilibrium.

6.2.2 The case of an informed type immediately aware of v=v

Let’s consider a potential insider that, when informed, already learns v=v in the first round.
Below we explain that, when drawing our attention to any of the alternative signaling
channels studied so far, three regions over the space ind € [0,1)and ¢ € (0, 1], charac-
terized by high, intermediate, and low values of §, can be identified—call them upper,
intermediate, and lower region respectively. For each pair § and ¢ lying over the upper (or
intermediate; or lower) region, an equilibrium with fully (resp., partially; non-) informa-
tive disclosures exists, where the pricing rule and the leader’s strategy coincide with those
employed whend > A(q, u=¢) (resp., V(q, u1=q€) < 6<A(q, p=£);<V(q, 1=q¢€)) by the
same market maker and a leader that, when informed, only observesv = 0in round n=1.
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To simplify the exposition, we focus on a regulation that mandates revelation of trade
direction and prevents revelation of its size, and consider the trigger strategy in Definition
2. Indeed, for what concerns voluntary disclosure of the sole trade direction (or the disclo-
sure of uncertified/non-factual messages, or any of the four alternative regulations dealing
with trade size disclosure listed in Section 6.2.1), the reasoning is analogous. The motive
for these similarities relates to the equivalence of the relevant payoff structures.

As for the case examined in Section 3, which differs from the one in question—namely,
the mandatory disclosure of the sole trade direction—in the rate of arrival of private infor-
mation, from period ¢t=2 forward the leader only has expectations about the profits from
leading or misleading when s=1I, and from bluffing or not when s=U. Because of the sym-
metric space of actions, trigger strategy, and f (), the incentive to mislead (as opposed to
leading) does not even depend on v being higher or lower than 0. Conversely, unlike the
case studied in Section 3, here in period t=1 the incentive to mislead depends on v=v. In
detail, with respect to a situation where an insider only observes whetherv = 0in round
n=1, the multi-period problem of a leader that is currently informed is affected as follows.
For every inter-temporal strategy characterized by a current-period realization s=IAv=v,
a further control variable is introduced, to distinguish the insider’s choice in period ¢=1
from his planned choice when informed in any future period. Consequently, the equation
in Lemma4 changes, so that . reflects the expectation of all informed types’ period t=1
leading behavior.

As an intermediate step in the identification of the three regions, we show that, in order
to understand the role of the informed types in the determination of the informative equi-
librium outcome, itis sufficient to draw attention tothose aware of |v| > || ratherthan those
thatknowv € (—pu, 1t). Tosee why thisis the case, define, with X' (14, v), the extra-payoff that
an insider earns in the current period from optimally misleading rather than leading. In
particular, while X (11>0, |v|<|pu|)=|2z, v| depends on the specific value of v € (—p, ) that
he observes, X' (>0, |v| > |p|)=2x 1 does not. Two remarks are in order. First, given the
trigger strategy in Definition 2, a characteristic that all the equilibria with informative disclo-
sures share isthat each insider aware of |v| > |u|>0 leads. This is due to the combined ef-
fect of the following two elements. On the one hand, as we said, those that observe v > u
(orv < —p)allhave the same incentive to mislead today, which iswhy their equilibrium be-
havior isidentical.?” Onthe other, if the latter misled, a trigger strategy with >0 would not

2'Given p>0, if § and g are such that L is indifferent about misleading and leading (or about bluffing and
non-bluffing), for an argument in line with the one presented below Proposition 2 and 3, here we refer only
to the reply implying the most informative equilibrium, namely to the latter behavior.
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be justified, in that in expectation the price shift would be too large. Second, every insider
aware of |v| > |u|is more tempted to mislead today than any type aware of v € (—pu, i), in
that X' (>0, |v|<|p])<X (>0, |v] > |p|). This means that, if § and g are such that all types
s=I A |v| > |u| lead—which as we have explained is always the case when the equilib-
rium is informative—every type s=I A v € (—pu, 1) leads too, the latter having a smaller
incentive to mislead.

Clearly, for very high values of § and any ¢ € (0, 1], no manipulation arises and disclo-
suresare fully informative, so that . equals £. In fact, since L weighs future profits heavily, he
prefersto lead when informed and notto bluff otherwise.?® Now, starting from any paird ~ 1
andq € (0, 1) and gradually shifting the parameter 6 down, at some point afirstswitch inthe
equilibrium occurs, to one with uninformed manipulations that cause ;. to equal ¢&. Specifi-
cally, inline with Proposition 3, this first switch always takes place before a further decrease
of ) causes the equilibrium to switch again, to one where no disclosure is informative. The
driving force for this result is that, for any pair é and ¢ € (0, 1) and a positive p, the over-
all incentive that type s=U has to bluff (rather than not to bluff) optimally today is greater
than the overall incentive that aleader aware of v=v has from misleading (rather than lead-
ing) optimally today. Tosee it, let’s consider those insiders aware of [v| > |u|, who have the
highest incentive to mislead. Because [P () — 0]=X' (>0, |v| > |p|), the per-period extra-
payoff that type s=U achieves when bluffing (rather than not bluffing) equals the one that
type s=I A |v| > || achieves from misleading (rather than leading). Nonetheless, the differ-
ent inter-temporal consequences that these two choices imply are such that, for an insider
that knows |v| > |u|—and thus for any type of insider—choosing to mislead today is over-
all less appealing than it is for type s=U to choose to bluff today. It follows that, over the
space ind € [0,1)andq € (0, 1],immediately below the upper region, there is an intermedi-
ate region, where the weight granted by L to future profits is not high enough to prevent him
from manipulating today when uninformed, but is still too high for a misleading behavior to
be abestreply. Two final remarks follow.

First, given any of the alternative signaling channels considered above, the model tells
us that, by increasing the number of non-strategically equivalent states of the world—that
is, by allowing a leader constrained on asset holdings either to observe v=veven in the first
auction or to be uninformed with positive probability less than 1 (or both)— in equilib-
rium manipulative attempts occur only if (but not if) the trader repeatedly acquires private
information with probability g<1 and at the same time the state s=U is drawn.

2This relates to the fact that, as long as 1 is positive, by leading optimally, an investor aware of |v|<|u| or
|v|] > || earns respectively more than or as much as what he gets, when =0, from trading optimally.
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Second, for a leader that, when informed, learns v=v from the beginning of the period,
consider again public trade disclosure (a similar argument can be drawn for what pertains to
uncertified/non-factual announcements). In terms of equilibrium outcome, given the sym-
metric trigger strategy defined at the beginning of Section 6.2, the level of information
embedded in prices does not increase when a structural switch in the signaling channel
is examined, from one where only three signals (i.e., 7=—1, 7=0, and 7=1) to one where
infinite alternative signals (i.e., the exact quantity traded) can be publicly observed.?® How-
ever, when the latter channel is taken into account, provided the notion of defection trigger-
ing the Grim punishment is refined, for some pairs ¢ and ¢ up to infinite other informative
equilibria can be identified, where the level of information reflected in prices is higher.
Nonetheless, none of these equilibria is a perfect separating one, where each type signals
differently.>°

7 Further regulatory issues

In this section, we begin by studying the short-swing rule. To assess its implications for
market quality, attention is drawn to price-level efficiency on one side, and manipulative
behaviors on the other. In fact, regulators generally perceive an increase in the former
as a possible target; however, consensus exists on the latter harming market integrity. In
this respect, no synthetic index of market quality or price-level stability is generally ac-
cepted. Next, we explore the implications of a regulation mandating public pre-trade non-
anonymity.

29Even when the number of possible alternative signals is the highest, namely when considering a reg-
ulation which allows to voluntarily disclose trade size and mandates revelation of trade direction (or to
voluntarily disclose either trade size or trade direction or nothing), whether or not a pre-defection pricing
rule is such that Ps(7=1, 1=0)=P5(7=1, 1=z ) only impacts on whether, in equilibrium, L decides to
disclose trade size too (resp., trade direction or trade size), as explained when characterizing the case in
which the insider, at each first auction, only observes v= 0 (see Section 6.2.1).

3070 sustain the perfect separating equilibrium, the trigger strategy should be such that, when a type of
leader turns out to signal anything other than what only he is meant to send, a punishment follows. However,
at this candidate equilibrium, no type has any incentive to avoid the punishment. The main reason for this
relates to the fact that it impossible for any type, at each second round before defection, to benefit from a
reversal of the initial position, in that the market efficiency condition requires the price following a specific
signal to equal the type of leader who sent this signal. Not only is the per-period payoff following a perfect
revelation of L’s type never greater than what the same type achieves, in equilibrium, under A, but it is also
smaller than what this type gets from defecting optimally, which is why this trigger strategy is not justified.
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7.1 (Dis)advantages of the US short-swing rule

Very big stockholders, firms’ officers and principals on one side, and traders listed in
SEC Section 13 on the other, they are all forced by the SEC to disclose undertaken trades
publicly. However, only officers and principals are subject to a further restriction, SEC
Section 16(b). We investigate whether this extra rule is strictly necessary or beneficial.

When the short-swing rule is imposed, type s=U earns negative expected profits from a
reversal, which is always a dominated strategy. Nonetheless, the introduction of this restric-
tion does not automatically guarantee that uninformed manipulations do not occur any
more.

To see it, consider atwo-round trading model, and a fundamental value v € {—b, b}.

When the leader can trade up to an identical, finite quantity per round, under mandatory
trade disclosure, a unique equilibrium exists where, with respect to the case in which the
short-swing rule is not set (considered in Section 3.1), the behavior of the informed types
and the pricing rule coincide. An insider aware of b (or —b) purchases (resp., sells) =, twice,
and the price following the disclosure of a purchase (resp., sale) equals ¢b (resp., —gb). At
this equilibrium, for any ¢ # 1, an uninformed leader manipulates, initially randomizing
with equal probability between a purchase and sale, but placing no further order in the
second auction. In fact, SEC Section 16(b) does not discourage this type from trading in
n=1, in which case he expects to earn 0 profits. By doing so, with respect to a situation
in which he is inactive, type s=U causes round n=2 prices to shift less, and therefore any
informed type to earn more.

Under the assumption of an asset value v with two equally likely priors, let’s now fo-
cus onaleader with constrained asset holdings, who is subject to the US short-swing rule.
Among the different equilibria that arise, there exists a class of them in which a leader
that observes v=—b (orobserves v=b,0r is uninformed) trades z1=—x, (resp.,trades z;=z ;
places any probability, also equal toOor 1, 0n all round n=1trade quantities, ;=0 included)
and never trades afterwards, without being affected, in terms of payoffs, by the conse-
quences that a disclosed sale or purchase have on prices. Differently from the case in which
SEC Section 16(b) is not set and disclosures are believed not to be informative, by under-
taking a round n=1 sale (or purchase), type s=U moves prices, a result which is clearly not
quite credible. In fact, in contrast with a situation where L can trade only up to an identical,
finite quantity per round, here the imposition of the short-swing rule causes type s=U to be
indifferent whether or not to place a first round order, as no other type benefits from this
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manipulative attempt. To account for this credibility matter, we invoke the following equi-
librium refinement.

Definition 3 When atype of leader is indifferent whether or not to place orders atany round,
thistype optsfor no order submission, unless thischoice causes another typetoearnless.

When this criterion is invoked, ‘useless’ manipulations by a leader with constrained
asset holdings disappear, in that all the equilibria but those where type s=U is inactive are
eliminated. In fact, it is easy to show that no equilibrium exists where this type earns a
round n positive payoff (left to the reader). The equilibria surviving this refinement are
such that the price following the revelation of a sale or that of a purchase equals —band
b respectively, and equals 0 otherwise. At these equilibria, a leader aware of v=—b (or v=b)
trades x;=—x, (resp., x1=xr) and, recalling that reversals are dominated, x>=0 with prob-
ability ¢ € [0, 1], and x1=0, zo=—2x (resp., zo=x ) with probability 1 — ¢). In particular, the
equilibrium where v equals 1 is the only one displaying robustness to a small probability
that M exogenously learns v=v at the end of the first rather than of the second auction.

Finally, let’s consider again a leader, with a cap on total exposure, who is subject to SEC
Section 16(b), generalizing the analysis to the case of a non-degenerate random variable
veV, and a period made of NV rounds. In this case, an equilibrium exists where any price
following the revelation of afirstsale or of afirst purchase equals E[v|v<0]and E[v|v>0]
respectively, and equals 0 otherwise; while an uninformed leader never trades, one aware of
v< E[v] (orv> E[v]) sells (resp., buys) =, inn=1,and does not trade afterwards. This equi-
librium is robust to a small probability that the market exogenously learns v=v at the end of
the first round.

Below we will refer to the latter equilibrium, to highlight advantages and disadvantages
implied by the imposition of the short-swing rule on a potential insider, subject to manda-
tory trade disclosure, who is constrained on asset holdings.

In case N=2, with respect to the equilibrium in Proposition 3, while for 6<V (¢, u=¢¢)
the introduction of SEC Section 16(b) makes disclosures informative, for V(q, p=¢¢§) < 6
<A(q, p=¢) it also eliminates uninformed manipulations that would otherwise have oc-
curred. Conversely, for A(q, u=¢£) < 4, this additional rule neither reduces manipulations—
which would have not arisen in any case—nor improves price efficiency.

The negative effect of SEC Section 16(b) is that, following a first disclosure, which we
explained to be fully informative, since this rule prevents reversals, in some instances it
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compromises any further revelation of information that the disclosure of an undertaken re-
versal (or its absence) would have conveyed otherwise. Let’s consider private information
that is sufficiently long-lived—that is, at each period, a sequence of at least three rounds
takes place. When the short-swing rule is not added, equilibria arise, where a leader re-
peatedly acquiring new information over time never manipulates and price efficiency is
higher, providing ¢ is sufficiently high. For simplicity’s sake, we refer to the case of N=3
(for N>3,theargument issimilar). Specifically, inn=3, the signal '€ {—1, 0, 1} is released:
7'=1 (or 7'=—1; or 7/=0) reveals that in n=2 the leader bought (resp., sold; did not trade);
hence, Q3={, 7'}. When the statistical properties of v defined in Section 2 hold, equilibria
of this kind require a sequential condition, such that prices at period ¢ react to disclosed
trades, unless disclosure moved prices away from the fundamental value in any of thet — 1
preceding periods. For instance, an equilibrium exists, where an uninformed leader never
trades, while a leader aware of v>>0 behaves as follows (the strategy of one aware about
v<0is symmetric): In the first auction, he buys z . Specifically, when v=v € [0, £), he re-
verses his position up to the maximum capacity in round n=2; then, if v=v € [¢, ), where

§:E[5|0 <v< €], this reversal is followed by a second reversal at the third auction—that is,
x3=2x1; conversely, if v=v € (0, £), then z5=0. When v=v € [¢, ], he does not trade in the
second action; then, ifv=uv € [¢, ), where E=E[v|¢ <v< b], he reverses his position up to
the maximum capacity at the third auction; conversely, if v=v € [£, b], then 25=0. For what
concerns equilibrium prices, following an initial purchase, at the second auction the price
response P;(7=1) equals, while at the third auction P3(772 ;) and P5(772,) equal £ and € re-
spectively; symmetrically, following an initial sale, we have P5(7=—1)=—¢, P5(55")=—¢,
and P5(T-,')=—¢; finally, not only P;(-) and P,(7=0), but also Ps(7=0, -), equal 0. Interest-
ingly, by trading in roundn=1and not trading inn=2, absence of disclosure at the beginning
of n=3 moves prices at that round. Absolute continuity of F(v) and symmetry of f(v) canbe
easily relaxed, and amore general set of restrictions that includes R1-R4 identified.

Thisoutcome suggestssome reflectionsabout the unconditional introduction of the short-
swingrule, which insome instances is successful, but in othersisnot.

The predictions presented in this subsection are robust, in two further respects. Under
SEC Section 16(b), the results are unaffected if L, when informed, already learns v=v rather
thanv> E[v]inn=1.Traded quantities and price responses (as a function of the state of the
world) do not change in equilibrium, when the regulation mandates trade size disclosure.
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7.2 Public pre-trade non-anonymity

Public pre-trade disclosure characterizes markets in which, while placing orders, each
investor is mandated to reveal his identity, together with information concerning (at least)
the direction of the submitted quantity.

First we analyze the case of a mandatory disclosure of order direction, when no order
size can be disclosed. Under mandatory order size disclosure, or when order direction is
mandatory and order size is voluntary, the derivation of the equilibrium is similar, and
left to the reader. Then we refine beliefs according to Definition 3. When this criterion is
invoked, as long as at least the direction of orders is compulsorily revealed to the public,
prices do not shift because the potential insider prefers to stay out of the market.

A distinguishing feature of all the following results isthat their derivation does not de-
pend on the maximum quantity that L can trade per round. Inthe analysis, we refer to anin-
vestor that, with probability ¢, observes v=v from the very first of afinite number of auction.
Eventhough, for simplicity, thistrader isassumed to be small, inthe end we will explainwhy
thisassumption can be relaxed without affecting the equilibrium outcome, which does not
depend on how informative the order-flow is. For what concerns the asset value properties,
the results below hold for any non-degenerate random variable v, whose support lower-
and upper-bound are denotedwithb € ftandb < R respectively.

We will show that, unless b= —b= oo, alternative trading strategies can be part of an
equilibrium. Moreover, when the probability that v equals b (or b) is positive—which is the
case for discrete and (several) mixed distributions—alternative pricing rules can be justi-
fied. Nonetheless, we will see that, by invoking the refinement of beliefs in Definition 3, the
equilibrium surviving the criterion will be unique and will hold for any random variable.

Consider a regulation such that, as soon as an order is submitted—that is, before the
price is set—the leader has to disclose whether he is undertaking a purchase or a sale. In
detail, at the very beginning of roundn € {1, .., N}, the signal §,,€ {—1,0, 1} is released,
where §,,=1 (or§,=—1;0r§,=0) implies that L is submitting a buy (resp.,asell; no) order in
n.3! In this context, it follows that the pricing rule, P=( P, .., P, ),is such that the function

P,:{—1,0,1}"— [b, b|depends on all the orders placed by L until that auctionn (included).

3LIn order driven markets, at each round, it does not matter whether the signal is sent before or after the
associated order submission, provided the price is set after the signal is sent. Specifically, order submission
and signal disclosure are assumed to occur in separate steps, to emphasize the distinction between how
much information concerning a submission—namely, order direction or order size—has to (or, in the case
of voluntary trade size disclosure, can) be publicly revealed on one side, and how much L submits on the

46



Public Disclosure by "Small" Traders Luca Gelsomini

To derive the equilibrium, a key step consists of focusing on the last auction, N. First
notice that, by not trading, L earns 0 profits, no matter where Py (8§, .., §5=0) lies. Sec-
ond, suppose that L is signaling §x=—1 (the argument is symmetric when the leader sig-
nals §5=1).%2 Because any type of leader aware (at least in expectation, if s=U) of v=
v>Py(81, .., §y=—1) prefers not to trade rather than to sell in V, only a type aware (at least
in expectation) of v=v < Py (84, .., §x=—1) can be the one that sends this signal. In partic-
ular, if this latter type earns a positive round N payoff, then the pricing rule is wrong. This
is because Py (81, .., §y=—1) turns out to be strictly greater than the expected asset value
conditional on the information available, unless every type aware (at least in expectation)
of v=v<Py(§1, .., §y=—1) earns even more from purchasing in N, in which case—for an
analogous argument—the price Py (8§, .., §5=1) turns out to be strictly smaller than what
it should be. It follows that a pricing rule is justified if it is such that every type of leader
aware (at least in expectation) that v is different from Py (1, .., §x=—1)and Py (§1, .., §y=1)
strictly prefers to signal §5=0. Specifically: (i) As long as a ‘perfect revelation’ of the
investor’s type at any previous auction has not yet occurred, Py(8;,..,§xy=—1)=b (or
Pn (81, .., §v=1)=b) is the sole price response that causes every type of leader but that
aware of v=b (resp., v=b) not to sell (resp., not to purchase) in N. Given this price response,
an investor that observes v=b (resp., v=b) weakly prefers to disclose § y=—1 (resp., §x=1),
earning as much as he achieves when he does not trade in NV, namely 0.3 (ii) If L’s type has
already been perfectly identified in a specific auctionn< N, the leader in question earns a
round N payoff equal to 0. In fact, no matter whether he submits a buy, a sell, or no order
in N—an action that depends on the position limit to which L is subject, if any—the price
pn Will not shift from the correct price already set inn.

Inconclusion, although L’saction inround /N dependson pastevents—namely, on hisac-
tion and M’s pricing rule atany previous auction—in equilibrium the payoff that L achieves
from selecting one round N best response or another is independent of past history, in that
he always earns around N payoff equal to 0. Thus, while deriving L’s inter-round equilib-
riumactions, round N canbetreated separately fromthefirst N — 1auction, because L’sinter-
temporal choice up to round N (excluded) is not affected by his decision in this latter round.

other. The analysis is unaffected when we consider price-driven markets, in which orders are executed
after the price is set, provided the round n announcement about a forthcoming round n purchase or sale
takes place before the price is formed. Otherwise, no departure from post-trade disclosure would effectively
occur.

32Under the tricky assumption of a leader constrained on asset holdings, which causes the set of possible
actions in round NNV to be function of the submission at all previous rounds, at this stage it is understood that
selling in IV is a feasible action. Below it will be clear that this conjecture is innocuous.

33In particular, even when L is constrained on asset holdings, not trading is always a feasible action.
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Now, consideronly thefirst N — 1auctions. Focusingon the new ‘last round’—thatis, round
N — 1—thesameconclusions reachedwhenanalyzinground N canbedrawn. Followingthis
logical process, we note that L’s inter-termporal choice ateach round isnotaffected by hisde-
cision inany future round. The payoff he achieves from selecting a best round » response or
another equals 0, no matter what equilibriumaction L and M play atany other past or future
auction.

In equilibrium, (i) until the round inwhich a perfect revelation of the type occurs (in-
cluded), an investor aware (at least in expectation, if s=U) of b<v<b does not submit or-
ders atany round. Indeed, for supports of v bounded on the left (or right), a leader that ob-
serves v=b (resp., v=b) randomizes with any probability—even 0 or 1, and not necessarily
equal withinrounds—between selling (resp., purchasing) any quantity and nottrading. Con-
versely, (ii) from the round following a perfect revelation of the trader onwards, any type of
leader places any probability oneach feasible action, given his position limit.

For what concerns equilibrium prices, before a first order is placed, they equal E[v]
at any round, unless either v=b or v=b has positive mass, in which cases, depending on
beliefs, an initial lack of submissions may shift prices and, in some instances, lead to a
perfect revelation of the type (see Internet Appendix C). In case an initial series of missed
submissions does not perfectly reveal L’s type, a perfect revelation occurs as soon as L
submits a first order, which shift prices to bor bdepending on whether this submission is a
sell or a buy order respectively.

Whether the cap on total exposure (or the quantity that the potential insider is allowed
to submit per round), 1, is negligible or not, and in the latter case, whether x is finite or
equal to oo, does not play a role in the determination of these equilibria. In other words, the
associated outcomes do not depend onthe leader being a small or a large investor. Infact,
focusing on the derivation of the results above, it is clear that, even when only the order di-
rection has to be mandatorily disclosed, the price at round n doesnot depend on the past and
present order-flow, {z, +us, .., z,+u, }, because {§,, .., §,, } turns out to be a sufficient statis-
ticfor {§,, .., §,, 2, +us, .., z,,+u, } with respect to v. Thus, notonly the support of u,, can be
bounded. Any specificationabout the properties of the noise traders’ demand isacceptable.

When the criterion in Definition 3 isinvoked, asset value properties no longer play arole.
A unique equilibrium survives this refinement. At this equilibrium, L never submits orders
and P, (§=0,Vi € {0,..,n})=E[v]. In fact, denoting with A € {1, .., N'} the first round in
which L places an order, the equilibrium price responses P,cx,.. n1(8:=0, §x=—1, Vi<A)=b
and P,eqx,. vy (8:=0, §,=1,Vi<\)=b represent an implicit threat that makes any type of
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leader at least weakly prefer inactivity to any other strategy. By deciding not to trade at any
auction, neither type b nor type b causes any other type to experience a payoff reduction.
Therefore, given our restriction on beliefs, every type of leader prefers not to trade at all.

To sum up, refining beliefs in the way we suggested, a clear result is derived. A regula-
tion mandating at least pre-trade disclosure of order directions keeps the potential insider
away from the market. This result isindependent of (i) the asset value statistical properties,
(i) the size of L, (iii) the position limit to which L is subject, and (iv) the noise traders’ de-
mand.

8 Conclusion

The present article studies public disclosure of inside statements by ‘small’ investors, who
exchange without being spotted, and develops a comprehensive theory of market non-
anonymity that brings several novel results of concern to investors and regulators.

First, we examine the effects of a regulation mandating investors to publicly certify trades
undertaken. The analysis reduces regulators’ concerns about this form of disclosure. In fact,
only inspecific instances will atrader with constrained asset holdings manipulate when unin-
formed. Assetvalue properties, market beliefs, inter-temporal choices, and investors’ charac-
teristics play arole. The divergence with which different regulations list the investors and the
conditions (on allowed delay and on minimal exchanged quantity) to report trades confirms
how a consensus on who best should disclose has not yet been reached. On this front, the so-
lution to the problem of a trader who is in the position repeatedly to acquire new inside infor-
mation indicates that, if prices react to current disclosures, those traders who are less likely to
beinformed (e.g., investors not directly involved in the firm’s management) tend to under-
take uninformed manipulations; conversely, those who are more likely to be informed (e.g.,
CEO:s) tend not to manipulate whenunaware aboutelements that will affect the fundamental
value. Actually, the SEC obliges also principal stockholders to disclose their trades. Inthis
respect, our study highlights that, by allowing for a sufficient delay in reporting trades, even
these big investors—instead of dissimulating, when informed, to reduce the leakage of inside
information—will behave similarly to small-sized traders, breaking down each pre-decided
order into several small chunks.

The second but most important result of this article is that mandating trade revelation is
unnecessary. In fact, under mandatory disclosure, our trader turns outto achieve a higher pay-
off compared to the case of no public disclosure. Therefore, by changing the regulation and
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making trade reporting not compulsory, any time the price is known to react to currentdisclo-
sures, the investor turnsoutto haveall the incentives totrade asbefore, voluntarily revealing to
the publicanytransaction undertakenimmediately after having exchanged up to his (privately
known) maximum. Not only does this result indicate that there is no need to enforce trade
reporting with punitive laws or invigilation, nor to study which delay to allow in publicizing
trades. Italsorevealsalink tothe strain of literature on (uncertified or non-factual) announce-
ments in capital markets, upon which we improve by getting over the assumption of a truth-
ful or honest insider.3* Rather, truthfulness or honesty are entirely derived at the equilibrium.
Asfor the revelation of certified trades, we show that informative disclosures occur voluntar-
ily, except when the fundamental value is constrained to two possible realizations, in which
case meaningful voluntary disclosures cannot be modeled. In particular, when the market in-
terpretsanon-factual message as favorable/unfavorable, eveninthis case pricesreactasthey
do followingthedisclosure ofacertified purchase/sale, namely the kind of transactionthat the
investor actually undertakes in secret before disclosing that non-factual message. Hence, in
those instanceswhere investors manipulate, requiring themto certify their trades does not pre-
vent the price from moving accidentally in the opposite direction with respect to the real asset
value. In fact, “actions do not speak louder than words™. Still, because of its fast operating
time, certifying trades electronically may guarantee a higher chance that the signal reaches
the public before inside information reaches its end time. Consequently, electronically cer-
tified trades may allow for higher levels of price efficiency over time, together with a higher
incident of possible price overshooting, which ultimately represents the goal for whose
achievement the insider discloses voluntarily.

Finally, the imposition of two alternative rules is modeled. The US short-swing rule en-
sures that any otherwise appealing deceptive aim is not pursued. However, its unconditional
adoption has drawbacks. Public pre-trade non-anonymity keepsinsiders away from the mar-
ket, yet thismeasure implies the lowest price efficiency level.

To conclude, the smallness assumption in terms of price impact makes our model fairly
tractable, and allows to generalize the analysis in different dimensions (e.g., that of the fun-
damental value distribution), with predictions that are robust in many respects. In particular,
the results pertaining to the revelation of certified transactions hold for several combinations
of provision for order direction and order size disclosure. By questioning which combination

34Wwith the exception of the uncertified revelation of trades—whose truthfulness is often enforced (at
least on paper) by vigilance, preventing any lying about relevant facts—for what concerns the production
of non-factual messages, truthfulness (even when the message makes some reference to inside information)
and honesty are generally hard to verify and interpret respectively, and thus not enforceable (see also BL, p.
947). Hence a priori it is difficult to reconcile this moral conduct with that of profit-maximizing traders.
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of factors drives each of our results, this article also helps us to understand better the determi-
nants for a number of important predictions in literature, from which ours differ. Because of
itssimplicity, the presentanalytical framework represents anideal benchmark towhich future
research can refer to measure and refine our knowledge or challenge the policy implications
derived herein.

Appendix

Derivation of S in Lemma 3. For an infinite horizon, with M’s strategy held fixed, by
defecting atperiod¢=1, L’s expected profits from¢=2on (discounted to t=1) equal %_(;qx &
by not defecting in¢=1, they equal 6S, where S also depends on g, §, . Tounderlineit, we
write S(q, 8, p,@, 8). In particular, S=>"° ,8'W,, ;, where:

Wi=gla - M(p)+(1-a) - L(p)]+(1 —q)B - P(n), (6)

1—q)p
2

_ 1—q)B ,

Wamag?ricrg(1-a)W (1 - ) (1-AW L D L0 e i
whichcanbewrittenas: Wj+1:7+g0Wj,Vj>1,where7:[qa+%]qh§, @:[%].
Thisis afirstorder linear differenceequation. Thus: W; 1 =v| g;ggpi}ijlzy%ijl.
It follows that: 5
er‘m’)/

1—-0p
The series converges if |d¢|<1, which is always verified, because 0 < §<land 0 < ¢ < 1.
In fact: () o < 1.. —2gqa—B(1—¢q) <0, and ()0 < ¢ .. 0<2(1 —ga) — B(1—q) ..
q(2a — B) < 2— 3, which holds whenever ac [0, 1]AB€ [0,1] A ¢ € (0,1]. Itis also easy

to check that 5z <8-S, V6>0 A p>0. =

(8)

S:Z?O5i[¢iW1+’711:i ]:
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Fig. 1. Timing of events in the single period.

Fig. 2. Behavior of u (equilibrium price shift following trade disclosure) for each pair
0 and ¢ (inter-period discount factor and probability that L is informed over time respec-
tively) in the case of a fundamental value v~ U [—1, 1]. Notes: The white area coincides
with =0 (M never conditions on disclosed trades).
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Proof of Proposition 1. For any possible pricing rule such thatp;=0and that 37 : Py (1)
£ 0, we prove the following. (1) Assuming an insider that observes v=veven inn=1, derive
each type of insider’s optimal strategy, X (s=IAv=v). Holding X fixed and inverting it to
make the information possessed by L explicit, we show that, when M is replying to at least
half of the types of insider—those belongingeitherto [—b, 0) or (0, b]—contradictions arise,
in that he sets either P,(7=-, X)=FE[v | v=v<0]>0in response to the disclosure by each
leader aware of v=v<0, or Py(7=-, X)=E[v | v=v>0]<0in response to the disclosure by
each leader aware of v=v>0. (II) When in n=1 the insider only observes whether v<0
or v>0, the price that M sets in round »=2 in response to at least one of the two types of
insider turns out to lie over (0, b] (or [—b, 0)) when L observes v<0 (resp., v>0).

(I) Eight cases (from C'1 to C8) representing all the possible combinations of M’s
strategy profiles can be identified.
C1: Py (1=1)> 0A Py (7=0) > 0 A Py (7=—1) > 0. Given this strategy profile, the
following sub-cases can be identified. (i) When P»(7)=0, V7, no contradiction of the sort
described above arises. (ii) When at least one, butnotevery, signal =i causes P»(7=i) to
equal 0, the best response by an insider aware of v=v<0, X (s=IAv=v<0), is such that
T # 4. Toseeit, it is sufficient to notice that, incase P»(7=1) (or Py(7=0); or Py(7=—1)):
(ii.a) equals 0, an insider aware of v=v<0 that decides to signal 7=1 (resp., 7=0; 7=—1)
cannot do any better than trading in such a way that z;+z,=—x, earning xv; (ii.b) dif-
fers from 0, the strategy (x1=xp;x,=—2xr) (resp., (21=0; zy,=—xr); (1< 0; 2,5 —x,))
allows each type s=IAv=v<0 to earn more than z;v.%® Holding X fixed, we have that
Py(1 # i, X)= E[v | v=v<0]>0, which is a contradiction. Finally, (iii) when P, (7)>0,Vr,

35The symbols > and < stand for just greater than and just smaller than respectively.
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any response X by each type s=IAv=v<0 is such that Py(r=-, X)=E[v | v=0<0]>0.

C2: Py (7=1) < 0 A Py (7=0) < 0 A Py (7=—1) < 0. This case is symmetric to C'1.
C3: Py (1=1)>0 A Py (7=0) > 0 A P, (1=—1) < 0. Given this pricing rule, the strat-
egy X=(z1=—xp;z,=2xy) strictly dominates any other, provided the potential insider
observes v=v>max {0;(; e}, where (=Py(7=—1)+Py(7=1) and e=Py(r=—1)+27= 3
It follows that, as long as max {(; e} < 0, each type aware of v=v>0 prefers X. Hold-
ing X;(s=1 A {¢; ¢} < 0<v) =—xy, fixed, we have that 0> P, (7=—1, X)=E[v | v=v>0],
Yo>(0, which is a contradiction.

Now we show that, when M is replying to any type of insider aware of v=v<0 with the
pricing rule in C'3, contradictions arise, provided max {(; e} >0.

Before we proceed, the following intermediate results need to be established. From an in-
sider perspective: (i) When v=v<0, the strategy (z1=2; x,=—2z1) (Or (£1=0; z,=—21))
strictly dominates any other strategy such that z; >0 (resp., z1=0). (ii) Whenv < Py(7=—1)
<0, both (x1=x; x,=—2x) and (x1=0; z,=—x) also strictly dominate any strategy such
thatz; <0. (iii) When Py (1=—1)<wv<0,the strategy (x1=z; xo=—2x) (Or (x1=0; x5=—x1))
strictly dominates (x1=—x; x,=2x ) (Which dominates any alternative strategy such that
z1<0) only if x v — 22 [v — P,(7=1)] (resp., —z[v — P,(7=0)]) is strictly greater than
—xpv+2rp[v — Py(r=—1)], that is only if wv<( (resp., v<e). (iv) When v=v<0, if
Py(t=1)> @ (or Pg(rzl):@; or P2(7:1)<@), the profits that an insider
earns from playing (x,=zr; x,=—2x) are greater than (resp., equal to; smaller than) those
from playing (x,=0; xo=—xp).

As a consequence of the results at point i, ii, iii, and iv, when max {(; e} >0, the follow-
ing conclusions can be drawn. (a) Suppose that Pg(r:1)>@. (a.1) If ¢>0, no matter
which value e assumes, then each type s=I Av=v<0 strictly prefers X=(z,=x; x,=—2z7)
to any other strategy. Holding X fixed, it follows that 0<P,(7=1, X)=E[v | v=v<0),
Yv<0, which is a contradiction. (a.ii) The remaining sub-case, namely the one of ( < 0<e,
is not of interest. In fact, making the condition on ¢ and e explicit, it follows that it refer to
asituation where Py (7=—1)+Py(7=1) < 0<Py(r=—1)+ 2020 . p,(7=1)< 22020 \which

2 2
is not a possibility, being the case in question—i.e., point a—the one of P2(¢:1)>@.

%To see it, consider an insider that observes v=v>0. First notice that any alternative strategy
such that z;<0 makes this type earn smaller profits. Second, while for v > P, (7=1) we have that
(x1=—wp;xe=221) > (x1>0,25=- ), on the contrary, for 0<v<P,(7=1) we have that the strat-
egy (v1=—xr;xy,=2xy) strictly dominates (x;=xr;x,=—2x) (which strictly dominates any alternative
strategy such that z1>0) only if {—z;v+2z[v — P, (r=—1)]}>{z, v — 2z [v — P, (7=1)]} .. v>(.
Third, while for v > P, (7=0) we have that (x1=—zr;z,=2z1) > (x1=0,25,=- ), on
the contrary, when O<v<P,(7=0) we have that the strategy (x1=—xp;z,=2x) strictly domi-
nates (x1=0;z,=—xr) (Which strictly dominates any alternative strategy such that z,=0) only if
{—z v¥2z[v — Py (t=—1)|}>{—x [v — P, (7=0) ]} .. v>e.
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(b) Suppose that P,(r=1)=% 2220 (case in which P5(7=0)>0 for sure). This condition
on prices implies that (=e. Thus, the only relevant sub-case to be studied is the one of
¢=e>0. In this instance, each insider aware of v=v<0 replies by randomizing between
(x1=xp; x9=—2x) and (z1=0; z,=—x ). Holding the trading strategy by each of these
types of insider fixed, regardless of the probability with which he initially buys or does
not trade (even 0 or 1), the price in response to his disclosure turns out to lie above 0,
which is a contradiction. (c) Suppose that P (7=1)<?% (r= 0) (case in which P2(T 0)>0
for sure). (c.i) If e>0, no matter which value ¢ assumes then each type s=IAv=v<0
strictly prefers X=(x,=0; z,=—x) to any other strategy. Holding X fixed, it follows that
0< P»(1=0, X )=E[v|v=v<0], Yv<0,whichis acontradiction. (c.ii) The remaining sub-case,
namely theone ofe < 0<§ is not of interest. In fact, making the condition oneand(explicit,
it follows that Py (7=—1)+% 0)< 0<Py(T=—1)+Py(7=1) .. PQ(T ) < Py(7=1),which is not
a possibility, being the case |n guestion—i.e., point c—the one of Py(r=1)< @.

C4: Py (1=1)> 0 A Py (7=0) < 0 A Py (7=—1)<0. This case is symmetric to C3.
C5. Py(1=—1)>0A Py (7=0)> 0 A P, (7=1) < 0. If v=0>0, it can be shown that
buying a negligible quantity in n=1 and buying again up to the maximum capacity in n=2,
that is (2,2 0; 2, < ), dominates any other strategy. However, holding X, (v=v>0)=x,
> 0 fixed, it follows that 0> P,(7=1, X)=FE[v | v=v>0], a contradiction.

C6: Py (t=—1) > 0 A Py (7=0) < 0 A Py (7=1) < 0. This case is symmetric to C'5.
CT: Py (7=0)> 0 A Py (7=1) < 0 A Py (7=—1) < 0. The following sub-cases can be
identified. (i) For P, (7 # 0)=0,we end up in case C'1. (ii) For P»(7 # 0) # 0, each insider
aware of v>0, for example, strictly prefers (x;=x; x,=0) to (x,=0; z,=-), which means
that he signals in a way that pushes p, below 0. (iii) For P,(7=1)=0 A Py(7=—1)<0 (or
Py(1=1)<0 A Po(7=—1)=0), each insider aware of v>0strictly prefers (x1=—x; 2,=2x)
(resp., (z12 0; 2, < x;))to any other strategy. The price response to the behavior by each of
these types in such that0> Py (7=—1, X )=E[v|v=v>0] (resp.,0> P, (=1, X )=E[v|v=v>0]).
C8: Py (1=0) < O A Py (7=1) > 0 A Py (7=—1) > 0. This case is symmetric to C7.

(I1) Notice that, in response to a pricing rule, if all types of leader already aware,
in round n=1, of v=v>0 (or v=v<0) prefer to submit a specific order x;¢€ [—b, b]—
alternatively, if they are indifferent about placing a specific round n=1 order or another—
then a leader that in n=1 only observes v>0 (resp., v<0) displays an identical preference
over actions.
Because in part | we showed that, in response to a pricing rule such that p,=0 and that
37 : Py(7) # 0, each type of insider aware of either v=v<0 or v=v>0 places an iden-
tical first round order, x;, which causes contradictions to arise, it follows that, when in
round n=1 the insider is only aware of whether v<0 or v>0, the best reply X by either
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type s=IAv<0 or type s=IAv>0 is such that P, (7=-, X)=E[v | v<0]>00r P, (1=-, X )=
E[v | v>0]<0 respectively. m

Proof of Lemma 1. Consider the case of ;>0. To model L’s behavior, let’s introduce an
auxiliary random variable, «., which (without loss of generality) has the following propri-
ety:a ~ U [0, 1]. For a leader that decides to mislead rather than lead with probability a:
(i) If & >a, then: (i.a) When 0<v=v<p (or 0>v=v>—p), case that happens with probabil-
ity 2 [F (u) — F (0)], buying (resp., selling) a quantity =, in n=1 and reversing this position
in n=2 by selling (resp., buying) =, and continuing selling (resp., buying) an extra quan-
tity =, is the optimal strategy if L decides to trade in two rounds. Besides, trading in two
rounds dominates trading only in one. (i.0) When v=v > 1 (or v=v < —p), case that hap-
pens with probability 2 [F (b) — F (u1)], buying (resp., selling) up to = in n=1 or in n=2
and then waiting up to public revelation of v=v dominates buying (resp., selling) a positive
quantity in both rounds. In n=1, L still does not know v=v; thus buying (resp., selling) up
to z;, in n=1 dominates doing it in n=2 because, if L traded only in n=2, with probability
Pr(0<wv<p) he would miss the opportunity to profit by subsequently reversing his posi-
tion, in the manner explained above. (ii) If a<a, L’s optimal strategy is to trade z;=—x,
(or z1=z 1) when v>0 (resp., v<0) and reverse his position up to the limit capacity in n=2.
]

Proof of Proposition 2. First we find a*' that maximizes L’s discounted expected profits
over periods. In details, &' =arg maxE [II], where E [T1]=T +3c {T+sc {T+x{..}}} =7

T
T=a - M (p)+(1-a) - £ (p)+a%s, and »=5 (1-a). Notice that § = dg— 220 = 0.
Thus, (i) If 6 > dy, L’s best response is to set a*'=0. Holding L’s optimal strategy fixed,
consider M’s initial pricing rule. For u=¢, we have an equilibrium. Since 0<éy <1, some
economies such that o > dy always exist. (i) If § < dy, L’s best response is to set a*'=1.
Holding L’s optimal strategy fixed, for p # 0 contradictions arise. Providing L replies as
he does in equilibrium when no repetition of the single-period occurs, then =0 is justified.

Proof of Lemma 2. Consider the case of x>0. To model the behavior of type s=U,
without loss of generality two new auxiliary random variables, ZBN U[0,1]andz~ U [0, 1],
are introduced. For a leader that decides to bluff rather than not to bluff with probability
B (i) IfE > 3, case in which L does not trade in n=1, any probability (also equal to 0 or
1) placed on all round n=2 trade quantities (z»=0 included) implies an ax ante per-period
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profits equal to 0. (ii) If E<B and z > z (or z<z), buying (resp., selling) a quantity , in
n=1 and selling (resp., buying) a quantity 21:L in n=2 is the optimal strategy, which makes
L earn under expectation P(p)= [+ { z1.(—1) (—p) +xr[v—(—p)] } f(v)dv=2pz >0 per
period. m

Proof of Proposition 3. For >0, we prove only that (a) if 6>A(q, 1), then a’'=p"=0

(b) if 6=A(g, 11), then either &'=3""=0 or a*'=0,3"" =1; (c) if V(q, u)<d<A(g, 1), then

a=0,3""=1; (d) if 6=V (q, p), then either a*’=0,3""=1 or a*’=1; and (e) if 6<V(q, 1),

then a*'=1.

oE[l!] op[n!| oE[Y]
oJa ! aB '’ oa

To find the maximum of £ [II] and E [IIV], consider and

oE[mY]

. All the denominators (function of @ and /) are squared. Each numerator is not
function of the variable we are deriving for. Thus the maximum is on one of the support’s
boundaries of & and 5.

Let’s fix u>0and study the corner solutionswhen L int=1is of type (i) s=I or (ii) s=U.

(i) Considering the function £ [Hfi what follows can be derived: (i.a) 6 = = Alq, p)

I o hem> Iy __n7% M(p) — L(p)
E[IU' | a=B=02 E[Il' | a=0,3=1], (i. b)5<M“) g 5) — [n | 6=3=0]

E[II' | a=1],and (i.c) § ; V(g, p) — E[I' | a=0,5=1 ]< [H | a=1].

First, focusing on cases (i.a)and(i.c), we have that A(q, 1) >V (q, i) .. 2P () > M (u)—L (),
which can be shown to be always verified. Thus, the sufficient condition for the pair
a=0,5=0 to guarantee the highest expected profits is 6>A(q, ). For 6=A(q, i), we have
that E[IT" | a=p=0]= E[II' | a=0,3=1]>E[I’ | a=1]. In particular, notice that 22(x+=>%)

Oq
2L —x 1 —
2 PiLiﬁim&fﬁéZig))iz <Oand that lim, o A(g, ji>0)= 1.

Second, focusing on cases (i.b) and (i.c), we have that V (¢, 1)< M(u)fﬁ%z:qfﬁ(/(li)t)fuéi'.'
2P (1)> M(u)—L(w), which is verified. Hence, the sufficient condition for the pair
a=1,5=- to guarantee the highest expected profits is §<V (g, ). For 6=V (q, 1), we have
that E[ITI"' | a=1]= E [HI | a=0,3=1]>E[I1" | a=0,3=0].

The remaining pair, @=0,5=1, ensures the highest expected profits when V(q, 1)<d<

A(gq, ).

(i) Given the function £ [HU i the pair @=0,5=0 guarantees the highest expected prof-

!

AIV

its when E[I1" |a=5=0] is simultaneously greater than E[I1”|a=0,3=1 H(JO‘ 16

and E[I1"|a=1,3=1]. Itis possible to derive what follows: § = A(q, N) — E[H |a=p3 ]z
Ul~—n B > M(p)—L() Ul - — B> >

E[M"|a=0,6=1], 6 Z xr—rmazor—mg — £ a=p=0]= E[H |a=1,5=0], and 6 =
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V(g 1) — E[HU\@:O,B:H; E[HU|a:1,B:1]. For 6>A(q, 1), it is easy to see that the
pair a=0,3=0 implies expected profits that are strictly greater than those associated to any
other pair, while for 5=A(q, ;1) wehavethat E[I1” |a=53=0]=E[l1" |a=0,5=1]> E[I1I" |a=1].
Proceeding as we did so far, it can be shown that, for 6=V (q, 1) (or 6<V (g, u)), there is at
least a pair a=1,3= - that generates an inter-temporal payoff equal to (resp., greater than)
E[Y|a=0,5=1]. m

Proof of Corollary 2. Here we consider only the single period. For any possible pricing
rule such that p;=0 and that 37 : Py(7) # 0, we prove the following. Assuming an insider
that observes v=v even inn=1, derive each type of insider’s best reply, consisting of a triple
x1, T, x2. Holding this strategy fixed, we show that M is setting either p,>0in response to
the signal sent by each type s=IAv=v<0, or p,<0in response to the signal sent by each
type s=I Av=v>0. To demonstrate the result, eight cases (from C'1 to C'8) representing all
the possible combinations of M’s strategy profiles are identified.

C1: Py (1=1) > 0 A Py (7=0) > 0 A P, (1=—1) > 0. Theanalysisofthiscase isinline
with that conduced under mandatory trade disclosure (see proof to Proposition1, case C'1).
C2: Py (1=1) < 0A Py (7=0) < 0 A Py (7=—1) < 0. This case is symmetric to that
above.

C3: Py (1=1)>0 A P5(1=0) > 0 A Py (7=—1) < 0. Given this pricing rule, from an
insider perspective, disclosing 7=—1 while trading x1=—x,, x,=2x, strictly dominates any
other strategy, provided he observes v=v>max {0; (; €'}, where €'=P,(7=—1)+Py(7=0).%
It follows that, as long as max {¢; ¢’} < 0, each type of insider aware of v=v>0 prefers to
trade z1=—x, and disclose the undertaken sale. Holding this strategy fixed, it turns out that,
in response to each of these types, M is setting a price below 0, which is a contradiction.
Now we show that, when M is replying to any type of insider aware of v=v<0 with the
pricing rule in C'3, contradictions arise, provided max {¢; ¢ }>0.

Before we proceed, the following intermediate results need to be established. From the
perspective of an insider aware of v=v<0: (i) When he signals =1 (or 7=0), the profits
from trading x;=x, z,=—2x/, are greater than those from trading any other combination
of quantities x>0, x, (resp., x1, z3). (ii) When v < Py(7=—1)<0, the profits from sig-

37To see it, consider an insider that observes v=v>0. First notice that, if he signals 7=—1, the
profits from trading any alternative combination of quantities such that z;<0 are smaller. Second, for
v > Py (1=1) (or v > P4 (7=0)), the profits from signaling 7=1 (resp., 7=0) while trading any combi-
nation of quantities x1>0, x5 (resp., 1, 22) are smaller. Third, for 0O<v<Ps (7=1) (or O<v< Py (7=0)),
it is easy to derive that the profits from signaling 7=1 (resp., 7=0) while trading any combination of
quantities x>0, 2 (resp., z1, x2) are smaller only if {—z, v+2x[v — P, (7=—1) ]} is strictly greater than
{z,;v—2xr[v— P, (r=1)]}(resp., {z ;v — 2z [v — P, (7=0) |}), thatis only if v>( (resp., v>¢').
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naling 7=1 (or 7=0) while trading ==z, x,=—2x, are greater than those from signaling
7=—1 while trading any quantity x;<0, z,. (iii) When P,(7=—1)<v<0, the profits from
signaling 7=1 (or 7=0) while trading ==z, x,=—2x, are greater than those from sig-
naling 7=—1 while trading any quantity x,<0, =, only if z v — 2z [v — P,(7=1)] (resp.,
v — 2z [v — Py(7=0)]) is strictly greater than —x v+2x[v — P,(7=—1)], that is only
if v<( (resp., v<¢€). (iv) When he trades x,=zp, z,=—2x, the profits from signaling
7=1 rather than 7=0 are greater (or equal; or smaller), provided P,(7=1)>P,(7=0) (resp.,
Py(1=1)=Po(1=0); Py(1=1)< Py (7=0)).

As a consequence of the results at point i, i, iii, and iv, when max {¢; ¢'}>0, the following
conclusions can be drawn. (a) Suppose that P,(7=1)> P5(7=0). (a.i) If (>0, no matter which
value €’ assumes, then each type s=IAv=v<0 strictly prefers to trade ==z, z,=—2x
and signal 7=1 rather than to play any other strategy. Holding this strategy fixed, we have
that, in response to each of these types, M is setting a price above 0, which is a contradiction.
(a.ii) The remaining sub-case, namely the one of { < 0<¢,is not of interest. In fact, mak-
ing the condition on ( and €’ explicit, it follows that Po(7=—1)+Py(7=1) < 0<Pp(7=—1)+
P5(1=0) .". P,(7=1)<P,(7=0), which is not a possibility, being the case in question—i.e.,
point a—the one of P»(7=1)> P,(7=0). (b) Suppose that P,(7=1)=P,(7=0) (case in which
P,(7=0)>0for sure). This condition on prices implies that (=¢’. Thus, the only relevant sub-
case is the one of (=¢/>0. In this instance, each insider aware of v=v<0 replies by random-
izing between signaling 7=1 and 7=0 while trading z1=x, x,=—2x . Holding the strategy
by each of these types of insider fixed, regardless of the probability with which he dis-
closesT=1o0r7=0 (even0or 1), the price in response to his disclosure turns out to lie above
0, which is a contradiction. (c) Suppose that P, (7=1)< P»(7=0) (case in which P,(7=0)>0
for sure). (c.i) If ¢ >0, no matter which value ¢ assumes, then each type s=I Av=v<0strictly
prefers to trade x,=x, z,=—2x and signal 7=0rather than to play any other strategy. Hold-
ing this strategy fixed, it follows that, in response to each of these types, M is setting a
price above 0, which is a contradiction. (c.ii) The remaining sub-case, namely the one of
¢’< 0<(, is not of interest. In fact, making the condition on ¢ and ¢ explicit, it follows that
Py(1=—1)+P5(7=0) < 0<P(1=—1)+P,(7=1) ... P,(7=0)<P»(7=1), which is not a pos-
sibility, being the case in question—i.e., point c—the one of P, (7=1)<P(7=0).

C4: Py (1=1)> 0 A Py (7=0) < 0 A Py (7=—1)<0. This case is symmetric to that
above.

C5: Py (1=—1)> 0A Py(1=0) > 0 A Py (7=1) < 0. Given this strategy profile and
an insider informed about v=v<0, notice that the profits from signaling 7=—1 (or 7=0)
while trading =1 < 0, 2, < —x, (resp., x1=xy, v,=—2x ) are greater than those from sig-
naling 7=1 while trading x1 >0, x,. In addition, if he signals 7=—1 (or 7=0), the profits that
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from trading ;< 0, 2, S —x, (resp., z1=x, x,=—2x) are greater than those from trad-
ing any alternative combination of quantities =, <0, =, (resp., 1, z,), unless Py(7=—1)=0
(resp., P»(7=0)=0), case in which he is indifferent between this strategy and any other
such that z1+zo=—xAx1<0 (resp., z1+ro=—xy).

Thus, when deriving the best response by an insider aware of v=v<0, it is sufficient to
check whether he prefers to signal 7=—1 or 7=0 while trading 21 < 0, 2, < —z; Or x1=27,
xro=—2x respectively. Specifically: (a) If @>P2<T:0) (or @QDQ(T:O)), case
in which Py(7=—1)>0 (resp., P,(7=0)>0) for sure, then each type s=IAv=v<0 prefers
the former (resp., the latter). Holding this strategy fixed, it turns out that, in response to
each of these types, M is setting a price which lies above 0, which is a contradiction. (b) If
@zg(r:opo, each of these types is indifferent towards the two options. Holding
his best response fixed, regardless of the probability with which he discloses 7=—1 or 7=0
(even 0 or 1), the price in response to his disclosure turns out to lie above 0, which is a
contradiction. (c) If 227===Pp,(7=0)=0, we end up in case C2.

C6: Py (1==1)> 0 A Py (7=0) < 0 A Py (7=1) < 0. This case is symmetric to that
above.

CT: Py (7=0)> 0 A Py (7=1) < 0 A Py (7=—1) < 0. Given this strategy profile, from
an insider perspective, signaling 7=0 while trading z1=x,, x,=—2x, strictly dominates any
other strategy, provided he observes v=v<min {0; (’; €'}, where ¢'=P,(7=0)+20=1 38 |t
follows that, as long as min {¢’; ¢’} > 0, each type of insider aware of v=v<0 prefers to
trade z,=x, and signal 7=0. Holding this strategy fixed, it turns out that, in response to
each of these types, M is setting a price above 0, which is a contradiction.

Now we show that, when M is replying to any type of insider aware of v=v>0 with the
pricing rule in C'7, contradictions arise, provided min {(’; ¢} <0.

Before we proceed, the following intermediate results need to be established. From the per-
spective of an insider aware of v=v>0: (i) When he signals 7=1 (or 7=—1), the profits from
trading z1 2 0, 2, < x, (resp., xt1=—xp, x,=2x ) are greater than those from trading any al-
ternative combination of quantities x; >0, x5 (resp., 1 <0, x2). (ii) When v > P,(7=0)>0,
the profits from signaling 7=1 (or 7=—1) while trading x1 2 0, z, S x, (resp., z1=—xp, x5=
2x ) are greater than those from signaling 7=0 while trading any quantity 1, z». (iif) When

38To see it, consider an insider that observes v=v<0. First notice that, if he signals 7=—1, the profits from
trading any alternative combination of quantities such that z:; <0 are smaller. Second, for v < P, (7=1) (or
v < Py (1=—1)), the profits from signaling 7=1 (resp., 7=—1) while trading any combination of quantities
x1>0, x2 (resp., z1 <0, z2) are smaller. Third, for P, (7=1)<v<0 (or P, (1=—1)<v<0), it is easy to derive
that the profits from signaling 7=1 (resp., 7=—1) while trading any combination of quantities z; >0, x5 (resp.,
x1<0, zo) aresmaller onlyif {z, v — 2z [v — P, (7=0) ]} isstrictly greaterthan {z , [v — P, (7=1)]} (resp.,
{—z v+2z[v — P, (7=—1)]}), thatis only if v<(’ (resp., v<e’).
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0<v<P»(7=0), the profits from signaling 7=1 (or 7=—1) while trading z;2> 0, z,< z,
(resp., x1=—x,x,=2xy) are greater than those from signaling 7=0 while trading any
quantity z,,z, only if zp[v — P,(7=1)] (resp., —zpv+2z [v — P,(7=—1)]) is strictly
greater than z,v — 2z, [v — P,(7=0)], thatis only if v>(’ (resp., v>¢'). (iv) If Py(7=—1)>
20=1 (or Py(r=—1)= M ; or Py(r=—1)<20=1y, the profits from signaling =1
while trading =12 0, 2, < a:L are greater than (resp., equal to; smaller than) those from
signaling 7=—1 while trading x1=—xz, ©,=2x.

As a consequence of the results at point i, ii, iii, and iv, when min {(’; ¢’} <0, the following
conclusions can be drawn. (a) Suppose that PQ(T:—1)>PQ;1 (case in which Py(7=1)<0
for sure). (a.i) If¢’<0, no matter which value ¢’ assumes, then each type s=I Av=v>0strictly
prefers to trade z1 2 0, 2, < 2, and signal 7=1 rather than to play any other strategy. Hold-
ing this strategy fixed, we have that, in response to each of these types, M is setting a
price that lies below 0, which is a contradiction. (a.ii) The remaining sub-case, namely the
one of <0 < (', is not of interest. In fact, making the condition on ¢’ and ¢’ explicit, it fol-
lows that Py(7=—1)+Py(7=0)<0 < Py(7=0)+27=1 - Py (7=—1)< 2= 'which is not a
possibility, being the case in question—i.e., pointa—the one of Py(7=—1)> Ba(r=1) (b)
If Py(7=—1)= M-0 we end up in case C'1. (c) Suppose that Py(7=—1)= Pz(T 1)<0
This condition on prices implies that ('=¢’. Thus, the only relevant sub-case is the one
of ('=¢’<0. In this instance, each insider aware of v=v>0 replies by randomizing be-
tween signaling 7=1 and 7=—1 while trading z12 0, z,< x,; Of z1=—x,, x,=2x ], respec-
tively. Holding the strategy by each of these types of insider fixed, regardless of the proba-
bility with which he discloses7=10r7=0(even0or 1), the price in response to his disclosure
turns out to lie below 0, which is a contradiction. (d) Suppose that 1732(72—1)<P2;1 (case
in which P, (7=—1)<0for sure). (d.i) If¢'<0, no matter which value (' assumes, then each
type s=I Av=v>0strictly prefers to trade 2,=—z,, x,=2z, and signal 7=—1 rather than to
play any other strategy. Holding this strategy fixed, it follows that, in response to each of
these types, M is setting a price that lies below 0, which is a contradiction. (d.ii) The re-
maining sub-case, namely the one of ('<0 < ¢, is not of interest. In fact, making the condi-
tion on ¢’ and ¢’ explicit, we have that P, (7=0)+ 271 <0 < P,(r=—1)+Py(r=0) .- 2=
< Py(T=—1), which is not a possibility, being the case in question—i.e., pointc—the one
of Py(r=—1)<2C=1,

C8: Py (1=0)<O0A Py(1=1)>0A Py(1=—1)> 0. This case is symmetric to that
above. m

Proof of Corollary 4. The analysis of the single period is in line with that in Corollary
2, and left to the reader. When considering the infinitely repeated structure, what follows
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needs to be proven.

When informed about >0, an insider that does not want to defect prefers to push
the market price toward the right direction, signaling ¢, ; rather than ¢;, (the case of
L aware of v<0 is similar). Specifically, when signaling ¢;;, the best thing he can
do is to buy x;=x, and then trade optimally, earning under expectation £(x). In fact,
trading ( 1~ 0,2,=-) or (x;=—x,z,=- ) are dominated. Signaling ¢;, and trading
( x1=-, 5= ) leads to a payoff which is smaller than £(u).

When informed about v>0, an insider that wants to defect signals ¢; . In this case, he
maximizes his profits by trading ( z1=—x, x,=2x, ), earning under expectation M ().

When the leader is uninformed, if he signals ¢; o, he avoids the punishment with cer-
tainty. In this case, no matter what the quantity traded in each of the two rounds is, he
expects to earn 0 profits. Conversely, if he signals ¢; ; (or ¢; _1), he incurs the punishment
with probability % In this case, trading ( z1=xp, xo=—2x1 ) (resp., { z1=—x, x,=227 ))
implies the highest expected profits, which equal P (y). =

Proof of Lemma 5. Inthe firstpartof thisproof, part1, we consider mandatory andvoluntary
tradedisclosure. Inpart I1, we consider disclosure of uncertified/non-factual messages.

(I) First, we prove that a pre-defection pricing rule such that Py(7=—1) < 0 < Py(7=1)
and with P,(7=0) ‘too far away’ from 0 does not satisfy the market efficiency condition.
Suppose that P;(7=0)<0 (the case of P,(7=0)>0 is symmetric). If type s=I Av>0 decides
to signal 7=1—that is, given the pricing rule in question, to lead—it is optimal for him to
trade =z, xo=—2x; When v<Py(7=1), and x1=x,x,=0 when v > P»(r=1), earning
under expectation 2z, { [*"V[2P,(r=1) — v]f(Z)d%fﬁQ(T:l)%f(E)d’ﬂ}. If he decides
to signal =0—without being punished for that—under mandatory (or voluntary) trade
disclosure, it is optimal for him to trade z,=0, zo=x;, (resp., r1=—x, x,=2x), €arning
under expectation 2z, [)[v — Py(7=0)]f(v)dv (resp., QfoOb v — 2P5(7=0)] f(v)dw).
follows that if the price P,(r=0) is smaller than 4[>~V [ — Py(r=1)]f(v)db (resp.,
2fP2 =1 — Py(7=1)]f(v)dv), type s=IAv>0 prefers to S|gnal 7=0 rather than =1,
causing the pricing rule not to be justified.

Second, to prove that a pre-defection pricing rule such that P,(7=1) < 0 < Py(7=—1)
and P,(7=0) # 0 is not justified, suppose that P»(7=0)<0 (the case of P,(7=0)>0 is sym-
metric). Type s=IAv>0 prefers to signal 7=0 rather than leading, signaling 7=—1. It
follows that his best response causes the price shift to be wrong with certainty.

10
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Third, to prove that P,(7=1) < P,(7=0)=0 < P,(7=—1) implies no departure from
A, we show that type s=1Av>0 prefers to signal 7=0 rather than leading, signaling 7=—1
(for a symmetric argument, type s=IAv<0 prefers to signal 7=0 rather than 7=1).
fact, if type s=IAv>0 signals 7=0, under mandatory (or voluntary) trade disclosure, it
is optimal for him to trade x,1=0,zo=x; (resp., x;=-,ro=x;—x1), €arning under expec-
tation =& per period. Conversely, if he decides to signal 7=—1, he can trades z; < 0
and then trade optimally, buying or selling depending on the realization of v=v, and ex-
pecting to earn less than z.¢&; alternatively, if he trades z;=—x, then he finds it optimal
to trade z,=2z; when P,(7=—1)<w, and x»=0 when P,(7=—1) > v, expecting to earn
—fo+2folﬁ2(T:_1)[5 — Py(r=—1)]f(v)dv per period, which is again less than x €.

(1) Let’s now consider a pre-defection pricing rule such that P (¢; ) < 0 < Py(¢; ),
where w equals —1 (or 1) when @’ equals 1 (resp., —1), and with P»(¢; ) ‘too far away’
from 0. This pricing rule does not satisfy the market efficiency condition. Suppose that
Py(¢i0)<0 (the case of Py(e;0)>0 is symmetric). If type s=IAv>0 decides to lead—
that is, to send ¢; ,—it is easy to show that he finds it optimal to trade z,=z, xo=—2z,
when v<P3(¢; ), and z1=xr, 12=0 when v > P2(¢Zw), in this way earning under ex-
pectation ZxL{fPQ( =[P, (¢i.00) — V)£ (D dfu+fP2 vf(v)dv}. If he decides to send
¢io—which is a signal that allows him not to be punlshed even though it pushes the
price in the wrong direction—it is optimal for him to trade z;=—x, x2=2x, earning
under expectation 2z, ['[v — 2Ps(¢:0)] f(v)dv. Thus, if the price Py(¢; o) is smaller than
2 ["2O=) 5 — Py(i.)] f(v)dv, the pricing rule is not justified, because type 5=1A7>0
prefers to S|gnal ¢iporatherthang; . m

Internet Appendix B

On post-trade mandatory disclosure: Reconsidering van Bommel (2003). This appen-
dix reconsiders van Bommel (2003), hereafter VB, which studies a Kyle’s model with a risky
assetexchanged among a leader with anegligible cup on total exposure, noise traders, M, and
competitive followers. L sendsrumorsto followers, who reveal themto M throughachange in
assetdemand. Two separate stage games (ending with the exogenous revelation of v) are pre-
sented. In the first, the existence of L, commonly known to be of type "Honest", is assumed.
He has to say "buy" if he observes v=v > 0 (or "sell" if v=v<0); when uninformed, L cannot
spreadany rumor. Inthesecond model, L isknownto be of type "Bluffer",sowheninformed he
hasto play like an Honest, and when uninformed he has to say randomly either "buy" or "sell".

11
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Assuming v~ U[—2,2],u~N(0,I), cov(u, v)=0, VB defines the equilibrium price at
round n € {1,.., N}, p,. Asn — oo, it is argued that p,, asymptotically converges to a cer-
tain value.

Very recently, van Bommel (2008) tries to justify why in VB the leader does not trade
inn €{2,..,N —1}. The clarification does not consider any of the following matters,
which seriously weaken the validity of the conjectures in VB; its content does not help in
this sense.

Theequilibrium price dynamic derived from assuming an Honest, and especially theone
assuming aBluffer, are notappropriate, mainly because v and the aggregate demand atauc-
tionn are treated as independent random variables, even though they are indirectly depen-
dent (v affects L’s rumor; this impacts on followers’ demand, affecting the mean of the ag-
gregate demand). Even considering the recent clarification by the author, the pricing rule is
not justified.

A simpler approach saves the conclusion in VB. Rather than a stage game ¢ made of
infinite auctions, assume two auctions, and consider L spreading rumors directly to M. The
(corrected) contribution is the following. When type Honest is imposed, if L says "buy"
(or"sell";or".."), then po=1(resp., po=—1; p2=0). With a Bluffer, if L says "buy" (or"sell"),
then po=¢q (resp., po=—¢q). The equilibria hold for a more general class of distributions than
u~N(0,T). Followers do not play a role, so there is no need to assume about them any
more.

To relax this peculiar notion of type assumption, VB allows an informed L to choose be-
tween two alternatives in n=1: the equilibrium trading and (imposed) signaling strategy, or
"cheat" (i.e., spread aso called "false™ rumor and trade in the opposite direction). Itis argued
that the rumor is not informative any more because, holding fixed M’s best response to an in-
siderforcedto play accordingto histype, the insider cheats, reversing his position afterwards.
However this only proves that, for this very specific pricing rule, a deviation by the insider
occurs. ¥

Within an infinitely repeated framework, the sufficient condition for the sustainability
of the so-called "Honestequilibrium™ proposed in VB consists of an inter-period discount

39Consider for simplicity mandatory disclosure. There exist pricing strategies such that: (i) L prefers not
to disclose trades (this strategy is somehow equivalent to the no-rumor disclosure in VB). For instance, con-
sider L observing v=v ~ 0 ~ P (r=1) ~ P (r=—1) and P (7=0) sufficiently far from v; (ii) no subsequent
reversal of the initial position occurs; (iii) L’s best response in n=1 consists of buying or selling a negligible
guantity.

12
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factor ¢ such that, when L is uninformed in ¢=1, the profits from being Honest forever
are greater than those from being Bluffer in t=1, and Honest from ¢=2 on (this in case L
does not incur the punishment in ¢=1). However, among other points, it is unclear why
the sender should consider the opportunity of randomizing when uninformed at a certain
date, but not when facing an identical situation in the future. Our methodology and re-
sults differ drastically. Specifically, for each pairoe (0,1)andq € (0, 1), two extra levels
of randomization—which become three, in Section 5, when an informed leader learns v=v
from the beginning of the period—are required, to assess the existence of informative equi-
libria.

While an ad hoc trigger strategy for the sustainability of the Honest equilibrium is im-
posedinVVB, we consider a general Grim, showingthat: (i) Another group of equilibriaexists,
similar tothat presented by VB in the stage game with animposed Bluffer type; (ii) for agen-
eral f(v), irrespective of the value of ¢ € (0, 1), alevel of § exists, atwhich manipulationsare
always possible inequilibrium. Section 4 studies other informative equilibriaand manipula-
tive behaviors.

Contrary to what is stated in VB (p.1502), not all f(v) can be used. It is untrue that this
kind of "analysis usesaspecial case ofthe Crawford and Sobel (1982) signaling game" (VB,
p.1500): Cheap-talk games do not require private information to be exogenously revealed
at any time.

Internet Appendix C

Pre-trade non-anonymity and the informational content of a missed submission. Here
we analyze aregulation mandating public revelation of submitted orders, describing the ef-
fectthat aninitial lack of submissions by L hason prices. Two cases are inorder.

(1) Consider the case in which both v=b and v=b have zero mass. At any round . taking
place before afirst order is effectively submitted, even when a missed order submission con-
veys relevant information about the fundamental value, the price P,,(§;=0,Vi € {1,..,n})
equals E[v]. To see it, denote, with T, ,€ [0, 1] (resp., T, 3€ [0,1]), the probability with
which type s=TAv=b(or s=IAv=Db) is correctly believed to sell (resp., buy) at any of these
rounds. Now, let’s consider a situation where, for example, T ;=0and T, 3=1. In this case,
the signal §;=0implies that L is not aware of v=b (otherwise, a buy order in round n=1would
have been placed with certainty). However, because the event v=bis a zero-probability one,

~.

it follows that P, (§,=0)=¢E[v|v# b]+(1 — q) E[v]=E[v].

13
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(11) Consider the case in which either v=bor v=>b has positive mass. Before a first or-
der is effectively placed, different price responses supported by alternative sets of beliefs
are justified. To see it, let’s focus on the case of beliefs formed in response to disclosures
by a leader that employes pure strategies. Define, with ¢ € {1,.., N} (or d € {1,..,N}),
the first rounds in which an insider aware of v=b (resp., v=b) is correctly believed to sub-
mit a sell (resp., buy) order rather than no order. At each round n<min {c, d}, since no
type of leader trades, P, min{c,d}(Sn<minfc,y=0) €quals E[v]. From round n=min {c, d}
(included) onwards, until the auction in which a first order is placed (excluded), prices are
set as follows. (i) If c<d, a missed order submission at round n=c highlights that L does
not observe v=b. Since he is either aware of b<v <b or uninformed, the price at round
n € {c,...,d =1}, Pucie..a-1y(8,<.=0), equals g E[v|b<v]+(1 — q) E[v]. For a symmetric
argument, (ii) if d<c, then P,c(q. . 1}(8,<4=0) equals ¢ E[v|v<b]+(1 — ¢)E[v]. Finally,
(iii) if c=d, any missed disclosure at round n=c causes the price from that auction (in-
cluded) onwards, P,>.—q(§,<.=0), to equal ¢E[v|b<v<b]+(1 — ¢) E[v]. In general, when-
ever the probability that v equals b (or b) is positive, there exist infinite equilibria such that,
following an initial series of missed submissions, a partial revelation of L’s type occurs.
However, given the same series of missed submission, a perfect revelation is possible only
if ve {b,b}.
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