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Résumé

Cette thèse est constituée de deux essais en microstructure des marchés et d'un essai

en finance corporati\'e.

Les produits sur indices constituent une gamme de produits dérivés dont les prendères

transactions débutent en 1982 amx États-Unis. Dans un premier essai, nous nous intéres
sons à la manière dont ces prodidts altèrent les stratégies d'investisseurs sophistiqués.

D'après la littérature théorique (Subi-ahmanyam, 1991 ; Yuan, 2005), l'introduction de
produits dérivés sur indices (PDI) modifie le comportement d'investisseurs informés de

deux mainères. Premièrement, les investisseurs spécùalisés dans le risciue sectoriel préfèrent

tiansiger le PDI plutôt (jue les actions pour limiter l(;s coûts d(^ tiansactions ainsi que leur

exposition au risque idiosyncraticiue. Dcuxièmenu^nt, les investisseurs si^écialisés dans le

riscjue si)écûh(pie à la firme peuvent utiliser 1(> PDI comme instrument de couverture (û

neutraliser leur exposition au riscpu^ sectoriel. Ils peuvent alors transiger d'avantage; les

actions. Les tout premiers fonds cotés (ETE) sur secteurs ont été introduits en Décembre

1998 par State Street. En utilisant t;et événement comme laboratoire et en reprenant le

modèle de Albuquerepie et c.oll. (2008), nous nu'ttons en évideneee que l'effet migratoire
t;st validé mais i)as l'eflét couverture.

Les options offrent un effet de levier très puissant, faisant de ces j)roduits dérivés un

terrain idéal pour la spéculation. Dans notre deuxième essai, nous étudions comment les

investisseurs sophisticiués allouent leur ordre de transaction entre le mardié d(;s actions et

t:ehii des options. Pour cxîla, nous develloppons un modèle Bayésien appliqué aux marcliés

financiers où des tencairs (k; marchés transigent uiu! action fû, une option avec; des investis

seurs informés ou non, tcd ciue décait dans Easley et coll. (1998). Nous innovons à dcncx
égards. D'une part, nous utilisons (|uatre états de la nature plutôt que deux, ce qui periinû
d'avoir un a priori sur la valeur de l'option ("moneyiu;ss"). D'autix; part, lunis introduisons
un système de marge, c:e (}ui nous ])(;rmet d'intégrcn- au modèle des investisseurs cx)nti'H,ints

budgétairenient. Dans une première étape, nous dérivons des écpiilibres de Nash. Dans



une seconde étape, nous calibrons le système de marge sur la régulatiim T et les exigences
du CBOE et les paramètres du modèle sur de récentes études empiritiues afin de dériver
la proportion d'équilibre d'investisseurs informés négociant l'oi^tion. Dans le cas de base,
cette proportion atteint 14% quand l'information privée sur l'action est bonne et 23%
quand celle-ci est mauvaise. Cette étude confirme le rôle significatif du marché des options

pour l'incor])oration de l'information j)rivée.

Les options d'achat d'actions ("stock-options") sont des produits dérivés utilisés pour
rémunérer les gestionnaires. Depuis 2006, il est obligatcâre de comptabiliser ces i)roduits
en tant que dépenses et de reporter les paramètres relatifs à la valoration. Dans notre

troisième essai, nous examinons si un paramètre clé de la valorisation d<îs options, le taux de

divid(uule, est utilisé comme canal de transmission d'information des gestionnaires vers les

investissenrs. Alternativement, ce taux peut-être mani[)ulé par des managtuirs chfîrchant

à camoufler la valeur de leur rémunération à base d'option. Nous proposons une nouvelle

méthodologie pour identifier manipulation à la baisse, rnaipulation Pi la hausse (4, absence
de manipulation. En examinant la [)ériode 2006-2014, nous mettons en évidence cpie,

pour les 344 entrejjrises cjui manipulent, l'hypothèse de transmission d'information trouve

un écho favorable akjrs que riiypothèsc de camouflage de rémunération n'est pas validée.

Cette étude c:onfirnie l'utilisation des notes de pages comme canal d'information par les

gestionnaires. Par ailleurs, la probaljilité de reporter un taux de dividcuide biaisé augmente

(luand les commissions d'audit baissent. Ainsi, il sembkuait que seul un processus d'audit

coûteux soit garant d'une vérification de notes de bas de page.

Mots clés : Négodation informée, riscpie sectoriel, risque idiosyncrati(iue, produits dérivés

sur indices, ojjtions, système de marge, états financiei-s, taux de dividende.

Méthodes de recherche ; Économétrie, analyse numérique, modélisation niathématiciue



Abstract

This thesis is made of two essays in market microstructure arid one essay in corporate
finance.

Tradable indices are financial deri^-atives introtluced in 1982 on US financial markets.

In our first essay, we study how these products inodify tlie beliavior of sophisticated in-

vestors. According to the theoretical literature (Subrahmanyam, 1991 ; Yuan, 2005), the
introduction of tradable indices is expec;ted to modify the l)ehaA'ior of sophisticated in two
ways. First, investors specializcxl in trading the industry risk should jrrefer to negotiate a
tradable index rather than a basket of stocks to liniit their exposure to the idiosyncratic
risk (the tnigration hypothesis). Second, investors specializcxl in trading the firin-spcicific
risk can incrcxisc; thcnr trading activity because they can use the tradable indcix as an hedg-
ing instrument (the hedging hypothesis). The first sector-si)ecific; ETF werc; introduc:ed in

December 1998. By using this e\-ent as laboratory and adapting the model of Albucpierciue
et al. (2008), we find strong evidcuice in favor of the migration effect but no support for
the hedging effect.

Options lu-ovide a lot of levcu age, making these derivatic'es a natural ground for spec:-
ulative bets. In our second essay, we develop, in the s])irit of Easlc^y et al. (1998), a
Bayesian inccdel where market-makers can trade a stock cjr an oj)tion with infornuxl and

non-informed traders. Our c.ontribution to thc! theorcdic'al literature is two-fold. For the

option contract, we are able to define the option moneyimss before the trading scission

starts. For market i)articipants, a margiu system is introduc.ed, so that our model encom-

passes the prcîsence of wealth-constrained invcistors. After dcnlving the Nash eciuilibrium,
our parameters are calibratcal rccgarding Rc^gulaticm T and CB(9E margin rates. XYe study
the relative allocation of informcîd trading across markets and moneyness. We find that

the asymmetry in margins betwcnni long and slujrt oi)ti(jn i)ositicm conveys into differcnice
in option informed trading (OIT) ])robability. In our benchmark case, OIT rc^aclu^s 14%
when signais are low and 23%i when signal are high. In addition, OIT overccnnes 50% fcrr



some information set - moiieyness combinat ions. This study confirms the important rôle

of options for the incorporation of private information.

The stock-option is another derivative product widely used for executive aiid employée

c.ompensations. In onr third essay, we study the report accuracy of the dividend yield

reported in the 10-K financial statements and used to price executive stock options. This

yield can be nianii)ulated by managers in a attempt to c:onvey superior information (in

formation révélation hypothesis) to shareholders or in a attempt to hide the true \nlue of

their stock oiJtions (managerial opportunisni hypothesis). However, the audit firm might
impose the company to report a truthful dividend yield (discipline hypothcisis). We pro

pose a new methodology to identify underreport, fair rc^port and overreport. By fo('using

firnis that have biased their report ov(t the period 2006-2014, we show that the informa

tion révélation hyj)othesis receives strong evidence while there is no evidence of managerial

opportunism. Hence, our study brings new evidence that footnote information can be used

by managers to convey information to marl«;t participants. In addition, the likelihood to

report a fair dividend yield increases with audit commissions. It seems that only a costly

audit process guarantees footnote information veiification.

Key^vords: Informed trading, sector-specific risk, firm-specific risk, ETFs, optic^ns, margin

System, financial statements, dividend yield

Research methods: Econometrics, numerical analysis, matheniatical modeling
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Introduction

Despite more than tweiity years of empirical researches on tradalîle indices, therc is no

evidenc:e on how the introduction of these financ.ial securities affects the behavior of so-

phisticated traders. This is quite intriguing as théories (Subrahmanyam, 1991; Yuan, 2005)
explore the channels by which introducing tradable indices modihes the appetite of sophis-

ticated investors for collecting pri\-ate information. Understanding the behavior of these

traders is crucial, as they are responsible for the incorporation of pri\'atc information into

stock ])rices, directly impacting market efficiency (Chordia et al., 2005). In the first essay

of this thesis, we explore the effect of introducing tradable index on sophistic:ated investors.

The IjehaAÛor of these traders is analyzed under two angles. First, the introduction of trad

able iiiflices on financial markets should trigger a décliné in sophisticated trading activity

because investors specializing in trading the sector-specific risk have the opportunity to

leave the stock markets for the index markets (Snbrahmanyam, 1991; Yuan, 2005). This is

the migration hypothesis. Second, the introduction of tradable indices should generate an

incrcase in sophisticated trading because im-estors specializing in trading the firm-specific

risk can vise indicvis as hedging instruments (Yuan, 2005). This is the hedging hypothesis.

Our study is designed as follows. We develop a. model that identifies three compontînts of

the trading activity: non-informed trades, trades on firm-specific information and trades on

sector-specific information. This décomposition is based on Albu(}uen[ue et al. (2008). We

focus on the introduction of the State Street SPDR Select-Sectors ETFs in December 1998

to analyze the pattern of infornied trading around this event. Tlu; design of these ETFs

is based on the assignment of the S&P 500 stocks into nine industries, so that investors

were offered the iiossibility to obtain a sivecifiv: exiiosure on industry risk for the first time.

This makes this event a very appropriate laboratorv for our research cpiestion. We find

strong suiiport for the migration hyivothesis but no support for the hedging hyi)othesis

The robustness of our hudings is tested in two ways. First, we us(> two différent algorithms

in oifler to classify trades. SvHond, we perfonn tests on a sample that excludcs firnis

Ivelonging to the Information Technology industry. Doing so, we rule out the possibility

that our results are dri\-en bj" an industry whose stocks are characterized by an uuusually

high spéculative activity (the Dot-Corn bubble).



In the second essay, we develop a inarket inicrostructure niodel in the spirit of Gkjsten

and Milgrom (1985), extended to multimarket trading, like in Easley et al. (1998), John et

al. (2003) and Huh et al. (2015). There is one single asset but ail investors are offen;d the
possibility to trade a put on the stock or the stock itself. There is an exogenous ainount of

non-infonned investors and an ainount of inforined traders whose trading activity across

inarkets is endogenoiLS. Moreover, there is a niargin systeni so that wealth-constrained

investors, infornied or not, can participate. Under tins franiework, which takes root in

John et al. (2003), infornied traders seek to inaxiinize expected returns. An additional

feature of our niarket structure is the inoneyness of the option t;ontract: Out-the-nioney

(OTM), near-the-inoney (NTM) or in-the-inoney option (ITM).
We dérivé the Nash equilibriuin and obtain a probability of option infornied trading

(OIT). We analyzi; how OIT changes for différent level of inoneyness, relative liquidity,

total infornied trading and niargin rates. In our bemlimark case, OIT reac;h(;s 14% when

signais are low and 23%) when signal are high. In addition, we find that OIT exceeds 50%

when the option/stock liquidity ratio is high and total infornied trading is low. Asyninietry
between long put and short put niargin reipiirenients is responsible for tins différence in

OIT magnitude. Traders can adiieve larger returus by writiiig a put when signais ar(> high

thaii purchasing a put wlim signais are low.

In the third essay, we analyze the accuracy of the dividend yield reported in the financial

statement footnotes, used as an input to inice executive stock ojitions. Two différent

medianisins can explain the lack of accuracy: An objective of information révélation or

pure opiiortunisni by the team of managers. A third mechanism favors accuracy: the

discipline imposed by the audit firni. To test the tliree mechaiiisnis, we develop a new

methodology to measnre rejiort accuracy. Our metliod is based on 10-K and 10-Q files

that are iiublicly a,\-ailable, and can be reiilicated by analysts and auditors. A lot of

studies bave analyzed the accuracy of the reported di\'idend yield. However, thèse [lapers

t:onipare tliis yield to a single measure while the ffexibility allowed fiy FASB guidance

indicates that there is no clear sjiecified niethod of measnrement but ratlier a range of

possible beiichmarks. Using cpiarterly and annual Coni[)Ustat files, we conii>ute varions

dividend yields. The minimum (iiiaximum) of these measures is selected as a low (high)

bound to detect under- (over-) rejiort. By doing so, our nuJhodology is robust to the

heterogeneity of méthodologies across firnis.



Aiiiong the three effects tested in this iiaper, we find strong evidence in support of

the information révélation moti\"e. Low Tobin's Q and low total Tobin's Q are strongly

associated to the risk of underrei)orting while large decreases in the operating risk favor

the overreporting risk. These results difl'er froin Choudhary (2011) that rcjects the infor

mation révélation hypothesis. The managerial opportunism hypothesis re("eives moderate

evidene.e: Analyst's coverage is strongly associated with nnderrei)orting, suggesting that

the companies the most exposed to analyst scrntiny are more likely to bias the dividend

yield downwardly. However, we find no link between ext;essive compensation and overre

porting risk. Third, higher audit fees are associated to less overrei)ort. Ail together, our

findings suggest that informaticjii révélation objectives and evidence of discdplinary mech-

anisnis are both présent in our data and influence the relative likelihood of underreporting

over rei^orting fairly the footnote dividend yield.



Sector-specifîc ETFs and the Reallocation of

Informed Trading

(JOB MARKET PAPER)

This paper identifies a component of the informed trading activity indnced by sector-

specific inforniation (S-trading) and one indnced by idiosyncratic information (I-trading).

The introduction of tradaljle indices on financial markets sliould trigger a décliné in S-

trading because investors specializing in trading the sec:tor-specific; risk can rnigrate to

index markets. The introduction of traflabh; indi(x;s shonld also generate an increase in

I-trading bet:anse investors specializing in trading tlie firm-specific risk can use intlices as

hedging instrmiumts. We find that the first effect dominâtes the second efiect.'
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2.1 Introduction

Despite more thaii twenty years of empirical res(;arches on tradable indic:es^, there is no

e\'idenc(; on how the introduction of these financial securities affects the behavior of so

phisticated traders. This is qiiite intriguing as théories (Snbrahinanyam, 1991; Yuan,

2005) explore the channels by which introducing tradable indices modifies tlie apjjetite of

sophisticated investors for collecting private information. Understanding the belia\'ior of

these trad<irs is crucial, as they are responsible for the incorporation of private information

into stock [jrices, directly impactiiig inarket efficiency (Chordia et al., 2005). For instance,

a migration of investors specializing in trading the sector-siiecific risk to index markets

and away from stock markets should resuit in kiss incorporation of information into stock

prices, k;ading to a greîater uncertainty about sto(dv fundaiiuîntal values.

In tins paper, we explore the effect of introducing tradable index on sophisticated in

vestors. The behavior of these traders is analyzed under two angles. First, the introduc.tion

of tradable indices on financial markets should trigger a décliné in sophisticated trading

activity be(-ause investors specializing in trading the sector-specific risk have the opportu-

nity to leave the stock markets for the index markets. Second, the introduction of tradable

indices should generate an increase in sophisticated trading because investors specializing

in trading the firm-specific risk eau use indices as hedging instruments. We find strong

support for the migration effect but weak support for the hedging effect.

Our study is designed as follows. We develop a model that identifies three comj)onents

of the trading activity: non-informed trades, trades on firm-si^ecihc inknination and trades

on sector-specific information. This décomposition is based on Albiiqucmpie et al. (2008).''

The cfloi t of introiluciuj; tiJolnMc iiuliccs on undorlyniii; stocks Uhs Ix'cn aiiah/ctl undcr many aufilcs. This iiicludcs,
but is not liinitcfd, to: Edwartls stock index futun^s as iiistniinents, vtdatility as de]>endent variable), Harris
(lyS'J: sttM:k index futures, volntility), .I(!^;a<{(H'sli and Sul>rahnianyaiu (1993; sroi:k index futures, voluiinyl aud C'iioi and
Subralinianyuni (1994; stock iiulex fiiturt^s. vohniie) Kuniar et al. (1995; index optitnis, volatility. spread aud trading
vt)lunie)- Rahman (2001: stock index futures, volatilityi. Hedj^e aud McDerniott 12004; stock index futures, spn'atl and
pric(^ imiiact). Madura aud Ni^o i2()()J:^: ETFs. tradiiu; volume) ami Henker ami Martens 1200?<: ETFs. Hasbrouck's
(1995) informatit)!! sliares).
Tlnûr nnalel is an (extension on the PIN" iiKnhd dcfveloped by Eashw et, al. (1990). PIN is tln^ acronyui for Probability
of Informe»! Trading. Lik(! in Vega (2000), we p(tsit that, inlbnned trading does not solely reHcnd. private or conlideutial
information held by sonie investors. It also désignâtes traders that have talent to analyzcî and interpnT the informational
contcuit of public ndeases. In our franiework, informe<l and sopliistieated are e(piivahuit.



We focus on the inti-oduction of the State Street SPDR Select-Sectors ETFs in Deceinber

1998 to analyze the pattern of infornied trading around this event. The design of these

ETFs is based on the assignment of the S&P 500 stocks into nine industries, so that

investors were offered the possibility to obtain a spécifie exposnre on indnstry risk for the

first tinie. This inakes this event a \-(;ry appropriate laboratory for onr research (inestion.

The SPDR Select Secdor ETFs are expected to inodify the trading acdlvity of sophis-

ticated traders in two ways. First, the specialists of sector-specâfit: risk (the S-inforined

traders) shonid migrate towards the ETF inarkets because these securities match their

informational advantage better than stocks do (Subrahmanyam, 1991; Yuan, 2005). They

are expected to trade less coniponent stocks. This is the migration hypothesis. Second, the

specialists of the firm-specâfic risk (the I-informed traders) have incentives to trade more

c:omponent stocks, since they can now nse ETFs as hedging instruments against indnstry-

specific risk (Yuan, 2005). This is the hedging hypothesis. We find strong sujjport for the

migration hypothesis vvhile we hnd only weak supjjort for the hedging hyi)othesis.

These findings hav(! interesting implications for the market microstructnre of stocks.

Prior the introduction of the financial products reflecting indnstry risk, th(! trading activ-

ity on sector-sj)ecihc information is the dominant compoiumt of sophisticxxted trading (xn

stocks. In our setting, prior to the introduction of the SPDR Select-sector ETFs, there

are on average 0.91 units of weightiîd trading intensity^ from the I-infcxrmed traders for

one unit of weighted S-informed trading intensity. After the introduction of the ETFs ,

this proportion shifts to 1.12 xmits. It means that trades basent on information related to

the firm-specific risk becomes the dominant component of sophisticated trading on stocks

after ETF introductions. Hence the growth in trading volume following the introduction

of tradable indices hides a reallocation of infornied trading. To the best of our knowledge,

we are the first to docununit on this effect.

To address how the introduction of tradable indices impacts sophisticated trading, we

rely on a deexirnposition of the soiihisticated trading activity into a nnmber of trades

Th(! tradiiiy, is by the prolicibility of iiifoniiatioii ituoiportitioii, because thert; ai(î souk; da>s
with iio iKAVs.



driveii by inforniatioii ou firiii-specific risk and a iiuniber of trades driveii l)y information

on sector-specific news. This is a realistic assumption regardiiig the carrent practice in

the financial industry. Many institutional investors have research teams specialized in

the analysis of news and data ou a particular industry. It is also possible tliat some

investors have V)enefited from the leakage of confidential macroec:onomic or sector-specific

data generated by national statistical agency." By contrast, an I-informed trader is an

iuvestor skilled in interpreting public news related to the firm fundamentals. The latter

also refers to investors that have benefited from thcî leakage of confidential information on

upcoming taket)vers or earning announcements.''

Our distinction l)etween sector-specific and firm-specific information finds some support

in the literature. Tookes (2008) develop a model of informed trading where information

event can be firm-specific: or industry-wide. In Piotroski and Roulstone (2004), market par

ticipants possess three types of information: Firm-sijecific, sector-specific or marketwide.

In Crawford et al. (2012), the financial analysts have skills in producing one of the three

information type. Traders based on marketwide information, like macroeconomic news,

are not présent in our model for tractability puri)ose. Marketwide factors can be con-

verted into sec.tor-specihc: factors by analyzing the sensitivity of an industry to business

c;yc.le shoc.ks, making the restriction acceptable. We assume that the S-informed trader is

an investor that knows the inii)ac,t of market-widc: information on the industry shc; is the

specialist of.

To cai>ture the trading activity of the I-informed and S-informed traders separatcdy, the

PIN model by Easiey et al. (1996) is extended in a very similar way to Albuquercpie et

al. (2008). Although the PIN model lias received considérable attention^, it assumes that

Fi>r H r<H"(Mit pxami)lp illcj^al iiisitlpr tratliiig hascd on inaoro-inforination, svv Stcvvart,, R., "Twi> Sontoucoci in Anstralia
lusidni-Tradiiij^ Casn", Tin; Wall StriM-t Jnnrnal, Mardi 2015.
Thon' is actually <;vid(;nt:p that sliort-tt^riri institutiunal iuvostors have aiau^ss to privata infonnation, throiijj;li conniiu-
uication wit.h nianaj^aiiicnt team (Ko ami Pctroni. 2004; Yan and Zhan^^, 2007). Gao ami Huan^i; (2014) show that tho
lohbyist (a)nn(!( tions of hcdi^c fund nianai^crs j;"ivp tliPin infiainational advantaji;(' that oiiahlcs to ontpciforui passivo
ixMU'liniark. Hondcrshotr, pt al. 12015) Hnd tliat sittnihi'ant [irirc dispovory rdatod to news oocurs t.!irouy,h institutiinial
tradinji; prior to tho otfipial rcloaso of tho lu^ws.
Tho iiopnlarity of this TiiPasnrc lias widdy t.ransoomlod the rniorostnu tnro litcraturo. It has hcon conneot.pd t.fi rascardi
(pu'stious in corixnate fiiiaiicn (Duartc i-t al., 200^5; Backod atl Whitcd. 2010) and assnt pricing (Easlcy vA. al., 2010:
Hwang et. al.. 2013). Sovcral oxlnnslons huvp also Ixani proposod. Spp Easlov vA al. (1997). Graniiiiig vA al. (2001), Loi
and Wu ('200.5), Easloy et al. (2008), Duaito and Young (2009), Tay ot al. (2009).



the pool of infornied traders represents a hoinogeiieous grouj) because they all negotiate in

the sanie direction: They buy (sell) on "good news" ("bad news") days. In Albuqnerque

et al. (2008), traders are heterogeneousiy inforined as they acquire either sector-specific

signais or- firnr-specific ones. Accordingly, the total infornied trading activity is split into

two coniponents. Because the inarket incorporâtes private information of nature sector-

specific or firm-specific, the probability of private information arrivai is also split into two

coniponents. With these distinc:tions, their model reflects a richer trading process. They

show that trades based on market-wide private information is aille to forecast industry

stock returns and also currency returns. Their evidence provides good support on the

ability of the structural model we propose to discntangle liquidity trades froni trades on

sector-specific risk and firm-specific risk.

There are three important teclniical points that inakes our model différent from this of

Albuqnerque et al. (2008). (i) Their model does not tolerate the arrivai of days with lioth

positive (négative) marketwide private information and négative (positive) firm-specific

information. We do not enforce this restriction. Duarte and Young (2009) argui; that

sliocks that occur simultaneously on the buy and sell sid(; of the market must be added

to the trading process be(,;ause sonie da,ys, market participants are enable to agree about

information flow content. By lifting the restriction, our framework gives an explanation

to the Duarte and Young (2009) c:laini: Sonie days, positive (négative) signais on the

firin's industry are collected simultaneously to négative (positive) signais aliout the firm

herself. As a conséquence, the I-informed investors trade on the opposite side of the S-

infornied ones. (ii) Buyer-side and seller-side li(|uidity trades are captured by the saine

parameter. Quantifying aggregate liquidity trading is not the heart of this paper and

this restrii:tion avoids unnet;essary coniiilexity and libérâtes several degrees of freedoms.

(iii) By applying the reformulation of the likelihood function following Lin and Ke (2011),
structural parameters can be estimated for all stocks, regardless the trading volume level.

An additional feature of our model is the ability to produce cross-correlation in the

order-flo-w. Without tradable indices, the S-informed traders must trade st;vt;ral stocks



of the saine industry siinultaneonsly to olitain a profit free of idiosyncratic iiuiovations.

By trading, their inforination of the S-informed traders disséminâtes across stocks, which

triggers co-movements in tlie order-fiow cross-section. By performing simulations, we show

that our mode! is able to generate tins cross-correlation. This is a feature which is partic-

ularly appiuiling sinc.e the recent evidence of significant price impact c:ross-c:orrelations at

industry-level, docinnented by Pasiiuariello and Vega (2015).

Using a non-parametric test, we assess whether the two t:omponents of sophisticated

trading activity (i.e. trades on sector-specific risk and trades on firni-specific risk) have

experienced a significant shift after the introduction of the sector-specific ETFs. The

downward sliift of the S-informed trading activity (the migration hypothesis) finds strong

support. An upward shift of the I-informed trading activity (the hedging hypothesis) is

also detected, but tins is not significant at the 5% conventional level. In addition, liciuidity

trading turns ont to greater after the introduction of tradable indices, consistent with

the findings of Choi and Subrahmanyarn (1994) and Hedge and McDermott (2004). Using

cross-listiid stocks as a control sample, difference-in-difference estimâtes show economically

large and significant shifts for the S-informed trading activity and the non-informed one.

The robustness of our findings is tested in two ways. Our main analysis is based on

the use of the Lee-Ready algorithm (Lee and Ready, 1991) to classify trades. We redo the

analysis Ijy replacing this algorithm by the one proposed by Chakrabarty et al. (2007). In

addition, we perform tests on a sample that exc:ludes firms belonging to the Information

Technology industry. This is justificd by the existence of a Dot-Coni liubble that goes

through 1998. Doing so, we rule ont the possibility that our results are driven by an

industry whose stocks are characterized by an unusually high spéculative activity.

The paper is organized as follows: Section 2 links tradable indices to sophisticated

trading atdivity, section 3 introduces the model and section 4 présents the methodology.

Section 5 shows the n^sults. Section 6 concludes.



2.2 Tradable indices and informed trades

2.2.1 Foundations

Discretionary traders (or liquidity traders) trade on several assets simultancously following

clients' willing or f(jr reasons exogenous to expected asset payoffs.'^ A discretionary trader

expériences losses when the matching position is a trader more informed aboiit the stock

fundamental value. But it turns ont that this adversc-selection problem is less detrimental

for the uninforrned in the index mark(d. (Subrahmanyam, 1991). Indeed, the value of the

tradable index tends to reflect the systxnuatic risk only since idiosyncrath: (stock-specific)

innovations tend to offset each other. So tradable indices ofi'er the oppin'tunity to limit

adverse-selection costs comi)ared to stocks whose prices are combination of systematic

and idiosyncratic risk. They are superior investment vehicle for discretionary traders as it

reduces the informational advantage (jf informed traders. Aware of this advantage, liquidity

traders an; (;x])ected to concentrate their trades on tradable indices, at the expense of the

licpiidity of the comj)on(;nt stocks. This idea is also defend(;d in Gorton and Pennacchi

(1993) and has received strong support in Berkman et al. (2005).

Like liquidity traders, S-informed traders are exposed to idiosyncratic risk in a universe

withovit a tradable index. To ensure that the payoffs strictly reflect the change in the

systematic compon(;nt, traders need to replicate their strategy on a wide range of stocks,

which is very costly. Negotiating the index avoid the; duplication of order costs and guaran-

tees that the rcdvirns r(;fiec.t only pri\nte signais of type S.'^ Exp(;c;ted prohts increase with

the extent of the diversihc:ation effect. Regarding the conii)etitive advantage of tradable

indices, Subrahmanyam (1991) and Yuan (2005) predict a migration of the S-informiHl

traders t(ward tradable indices.

For the I-informed traders, the exposure to systematic risk makes i)ayoffs imcertain.

\uan (2005) also argues that an I-informed trader can use the tradable index as a hedging

Sucli liiiuidity ii(hql« (mcompa.ss raiulom wcalth sliucks, portfolio rcbalauciuf^, tax plaiiiiing purposc aud a lUksirc of
iiiiiiuHliatc consumption.
"type S" ("type I") for iiiforuiation on the systtaiiatic (finii-spc(âfii^) risk.

10



iiistmineiit. By initiatiiig an offsettiiig position on the tradable index, she liinits lier expo-

sure to the systeinatic risk. The literature dealing with the effects of index derivative in

troductions is abundant (Jegadeesh and Subrahinanyain, 1993; Choi and Subrahmanyam,

1994; Hedge and IMcDermott, 2004; Henker and Martens, 2008; Madura and Ngo, 2008).

Volume and trading cost ineasures are widely used but trading intensities are n(;ver an-

alyzed. By decomposing the total trading activity into a I-inforined, S-informed and a

non-informed component, we bridge the gap between theoretical works nientioned above

and cinpirical supiiort.

2.2.2 Hypothèses

If a sophisticated investor has expertise to analyze the information of one siiecific industry,

he is willing to trade an index derivative that tracks the jrerformance of tins industry. In-

deed, among ail securities, tins is the one that provides returns that are the most correlated

to the unobservable sector risk, for which this investor is a specialist of. When a couutry-

specific index derivative is introduced, an investor sldlled in analyzing the country-specific

risk might be interested to svitch to the new inarket for the same reason: It is the "liest"

instrument to trade, giveu the signais that she observes.'" This reasoning holds as soon

as index are large enough to guarantee a negligible influence of the idiosyncratic risk from

cornponents stocks. This leads to our first hypothesis:

I. Mignition hypothesis

With the introduction of a sector-specific tradable index on hnancial markets, the

S-informed traders whose expertise is on this sector should migrate from stock

markets to this new market because the expetded payoffs from trading the index

matcli their signais. We predict a deiline of their trading ac.tivity on stoc;k markets.

Ti-ad(>rs specialized in firm-specihc risk have incentives to collect information because they

Likcwisd. an invcîsroi sixiciali/cil in tratlirin on volatility informâti(;ii mi^lit, fiiui moip intcncstini^ to t.iiulc a volatility
ETF tlian iiiitiatin^ costly straddlos with option-s,
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can use the index derivativ(! as a viable hedging instrument against changes in systeniatic

risk (Yuan, 2005). For instance, consider a situation where a sophisticated investor have

some information indicating that the price of a particular stock will go up, so that she

initiâtes a long position on this stock. Bad news on the sector are revealed to the market

l^efore she closes lier position. Three outcomes are possible; She loses money if the pricing

of the sector-specific risk is dominant over the firm-speiâfic risk. She earns nothing if
both risks are equally prit;ed. She earns money if the firm-specific; risk is dominant over

the sector-specific risk. Now if she can short-sell the index, she will earn money on the

index, as its price will go clown. This ofiscits the loss on the stock position under the first

scénario or is an additional gain under tlie third scénario. Under the second scénario, the

trader earns money, too. As a consec^uence, I-informed traders are expecded to collect

more signais and intensify their participation to the stock market. This is our second

hypothesis:

IL Hedying Ji tjpothe.sif

Givcai the iiossibility to use tradable index as hedging instruments, the

unccutaint}' associated to payoffs déclinés substantially for any traders

specûalized in the firm-specific risk. Their appetite to acxpiire signais on

the firm-specific risk is great(>r and we predict a soar of their trading

activity on sto(;ks.

It is important to mention that traders are likely to clioose a highly licpiid instrument

among available index deri^'atives, e\'en if it is not the most appropriate instrument to

trade regarding their signal. Since informed investors necHl non-informed ones to trade

with and niake a profit, the overall level of lic}uidity matters. Consider a sophistic:ated

investor that lias jinvate information siiecifically on the sub-industry Automobiles (GICS

sulx;ode 2510). If the index derivative that ofiers an cïxposure to this sub-industry is

illi(|uid, the investor would prefer to trade a larger index derivative, for instance the one

reflecting performance of the Consumer Discretionary Sector (GICS code 25). For an I-

12



inforined investor looking for the right index derivative to initiate an ofîsetting position,

the transactions cost is also an important factor when selecting the security.

2.2.3 Index derivative data

Index Futures are today very popular investment vehicles. In April 1982, the hrst S&P

500 Futures contract was launched and attracted considérable attention froni investors.

The rnonthly dollar trading volume reached 6.89 billions of U.S. dollars in May, 14.37 in

June, and 35.84 in November (Jegadeesh and Subrahrnanyarn, 1993). Tins success paved

the way for the establishment of uther stock index futures like MMI Futures (introduced

in 1984) and the NASDAQ 100 Futures (1985).

Then, options on index were launched (S&P 500, NASDAQ, Russel). A major innova

tion in the uni\'erse of tradable indices occurs in 1993, with the arrivai of the Standard and

Poor's Depositary Receipts (SPDRs), the first Arnerican Exchange-Traded Funds (FTFs).

ETFs are diversihed, low fees and tax efficient negotiated funds. They are continuously

traded during the trading day and ETE shares can be created or redeemed, usnally by ex-

changing underlying stocks against 50,000 ETF units. Dividend payments are transferred

to a separate interest-bearing ac^count and distributed periodically to ETF shareholders,

net of management fees. This new design bas guaranteed a growing popularity through

years and makes them a formidable cornpetitor of conventional rnutual funds.

ETFs also bring innovations with respect to index futures in ternis of risk exposure,

attracting investors that have partitmlar investment goals. In Mardi 1996, BlackRock

introduces 14 country-specific ETFs bringing a specihc exposure over each of the rnost

developed countries. In Decernber 1998, State Street introduced simiiltaneously nine ETFs,

called "Select Sector". These securities provide investment results that, before expenses,

match the price and yield performance of the Select Sectors index. It was the first time

that iin-estors were offered the opportunity to olitain a sector-specific exjiosure.^" Beyond

For Mil aiialysis of tliis coiiipctitiuii, svv. A^miiovr (2011).
Tlu; (hîfiiiitiuii of cconoink: st^ginpiit aiul stock classifications arc liastul on tlio Glolial Iinlustry Classification Standard
(GÎCS). This classifit "atioii IS widcly usihI as bcncliinark in tlic finautdal coininunity. Bliojraj ci al. (200(1) put in (îvidtuici;
that this (dassification oiitpcrfonns sigiiifioantly SIC cimUc NAICS codt^ and the Fania aiul Frciicli (1997) (dassification.
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the uiiiqueness of risk exposure that provide the Select Sector ETFs, this everit is a very

good laboratory for three reasons. First, 1998 iiitraday data are reliable aiid centralized in

the TAQ database. Second, this period précédés the decinialization (2001), so that bid/ask

spread are wider and classifying trades is less difficult. Third, Electronic Connnnnication

Networks were at early stages of their existence in 1998, so that the NYSE and NASDAQ

account for niost of the trading volume this year. Figure I shows monthly volumes of

the Select Sector ETEs during the first semester that follows their introduction (panel A).

We also plot the average trading volnine for the largest S&P 500 companies, by industry,

around the event (panel B).

2.2.4 Related works

The effect of tradable indices on conqronent stocks lias been addressed in two ways. One

streain puts the ernphasis on the volatility impact while the other one focuses on changes

in trading volume. Edwards (1988) studies the day-to-day price volatility around the S&P

500 Eutures introduction in 1982 and find that the market-wide volatility is greater before

the introduction of the S&P 500 Futures. Harris (1989) obtains a différent residt; Stock

volatility lias actually increased relative to this of a non-S&P control gronp, following the

introduction of the S&P 500 Futures. LaatscT (1991) conducts a similar study around the

launch of Major Market Index (MMI). It turns ont that the volatility of MMI component

stocks does not appear to be greater in the post-inception period, relative to the volatility

of a control group. Using intraday data, Rahman (2001) hnds that the introduction of

index futures and futures options on the Dow Jones Industrial Average lias produced no

structural changes in the conditional volatility of component stocks.

Jegadeesh and Subrahmanyam (1993) document a significant increase in the monthly

average volume after the introduction of the S&P 500 Futures. Choi and Subrahmanyam

(1994) find a growtli of trading volume upon the launch of MMI Futures. Hedge and

Th(! SpUhT Scftor ETFs match tli(! following iiiiK! iinlustrics (two-digit, GIC'S cialc): Eiungy (iO), Matcrials (15),
Imiustrials (20) , CoiisuiiuT Discriîtioiiary (25), Coiisuiikt Stiiplcs (30), Ht^alth Carc (35). Finaiicials (40) . Iiifonnatiou
Tcchaology (45) and Utilities (55).
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McDermott (2004) analyze standardized trading volume, spread and price impact and find

evidence of an improvement of liquidity over the 50 trading days following the introduction

of the Dow Jones Industrial Average Futures. Madura and Ngo (2008) analyze the impact

of the introduction of 124 ETFs on the 1,041 component stocks and find a significant

increase in the ratio of trading volume to the nuinber of outstanding shares. Henker and

Martens (2008) study the impact of AMEX and NYSE listing of the Holding Coniijany

Depositary Receipts ("HOLDRS" by Merryl Lynch) in 2002. They show that it did not

reduce the consolidated trading volume of the underlying securities. Our study is closed to

Henker and Martens (2008) as we both test the prédictions of Suljrahmanyam (1991) using

sector-specific ETE as index derivative data. However, their hypothèses and conclusions

are on trading activity at the aggregate level while ours are only about informed trading

and the mechanisms underlying the allocation of trades across stocks and ETFs by this

spécifie class of investors.

2.3 Identification of S- and I-informed trading activities

2.3.1 The probability of informed trading

Easley et al. (1996) propose an econometric inodel to ciuantify informed trading activ

ity using order-flow data. The daily number of buyer-initiated trades and seller-initiated

trades (BITs and SITs hereafter) are random variables following a Poisson distribution.

Expected intensities combine the arrivai rate of uninformed traders (sellers or buyers),

denoted c, with the arrivai rate of informed traders, denoted /t. There is a probability

1 — Q that informed traders do not participate, leaving the inarket to non-informed in

vestors. There is no incorporation of private information during these days. A day with

incorporation of "Bad news", occurs with a probability P{'^bad news^^ \ ai} = ô. This

day is recognized by an unusual trading activité' on the sell side, duc to the presence of

informed traders on this side. Accordingly, the expected intensity for the random variable

SIT is the smn of the non-informed part (c) and the informed part (p). On the other side,
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nothing changes and £ is the expected iiitensity for the random variable BIT. A "Good

news" day happens with a probability P {"good news" | a} = 1 — <5 . Diuing this day,

informed traders are présent just on the buy side, and trade with an intensity p while the

trading activity on the sell side stands at its usual level e. The sinn of the two components

dehnes the expected intensity for the randorn variable BIT.^'^

Figure II exhibits the trading process. The joint density fnnction is a weighted snin

of three Poisson distributions, where each weight is the pro1)ability of state occurrence:

O/T ^SIT
f{n I BIT,SIT) = (1 - a) X exp(-£) x —— x exp(-£) x

BIT] ' SIT\
(s + n)BrT ^SIT

+ax {1-5} X exp(-(£ + p)) x — x exp(-£) x

+axôx exp(-e) x x exp(-(£ + p)) x ^ — (1)

fi defines the set of structural pararneters. The probability of informed trading is defined

as a X p divided by the total trading activity 2 x c + a x /n The PIN nietric is well

established in the literatnre as a proxy for private information incorporatiini. It turns

ont to be signihcantly correlated to size (Easley et ah, 199G), analyst coverage (Easley et

al., 1998), price impact (Chung et al., 2005) and investment décision (Bakke and Whited,

2010).

2.3.2 The proposed extension

Informed traders are assigned to two classes: Informed on the sector-specihc or on the firm-

spec.ihc risk. The private information set is si)lit into two types of signais: sector-specific

and pnrely idiosyncratic. The S-(I-)informed traders are responsil)le for the spillage of

private information of type "S" ("1") through a trading intensity p.,. (p/). In a day, an

event of type "S" occurs with a probaljility «s- while an event of type "I" happens with a

probability O/. Bad sector-specific (firm-specific) news occurs with a probability Ss (Sf).

Once S-investors have acquired signais, tliey trade over a wide range of assets to limit their
"  Easley et al. (2002) propose^ to split e into i un informed buyer-sp(H-ifii; trading; intensity) aud es (uniiiforined seller-

spiH'ific tra<liiig intensity). Duartt! and Yuang; (21)09) extend this approaeli by splittin^ fx into /i.^ and fXg too.
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exposure to idiosyncratic risk. It is this identification strategy that allows us to disentangle

private information arrivai probal)ilities into We assume that tlie probability of

the arrivai of private information of type "S" («s) is the saine for the wliole cross-section

of stocks. Given the incorporation of private information by the marktd, the probability

that this is of type "bad" (5.5) is also assumed to be fixed in the cross-scxdion. However,

there are as many {o/,(5/} pairs a.s stocks in the cross-section.

Figure III exhilrits the trading lirocess. In our setting, the three states of nature

about the incorporation of information of type "S" are coupled to the three states of

nature concerning the incorporation of type "I" irrivate information. It générâtes nine

states of nature. The new likelihood function is;

9

fin I BIT, SIT) = Y, ir,{as, ôs, 07,5,) x f{s, p,; BIT, SIT) (2)
fc=i

where fi stands for the set of structural parameters {«5, (^5, cv/, 5/, er, p;}, is the

probalrility associated to the state of the nature k and /(•) is the corresponding Pois.son

distrilnition. lutensities varv across states and the density fnnction can lie rewritten:

fin I BIT, SIT) = Y
k=l

«/,«/) X exp(-(£r-F Afc^)) x
BIT]

X exp(-(5 -f Xk,s)) X (e +
sm

(3)

The détails of and Xk are given in Appendix I. Our rnodel uses both time-series and

cross-section to estimate the structural paraineter while the Easley et al. (1996) likelihood

(1) only uses information from individual stock time-series. a,ç x /.ig captures the trading

intensity of the S-informed traders. The migration hypothesis is validated if there is

a significant downward shift of this metric in the cross-sindion of stocks, following the

arrivai of the Select-Sector ETFs. 07 x captures the trading intensity of the I-informed

ones. The hedging hy])othesis will find su]r])ort if this (luantity increases following ETE

introductions.
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With oiir iiiodel, our customized PIN is inade with a sector-specific coniponeiit (a^ x

/i,5:)/(2 X £- + «5 X fig + aj X fij) (SPIN) and an idiosyncratic component (cv/ x ^j)/{2 x £ +

as X //g + ai X /.if) (IPIN). To bring sonie support to our décomposition, we show later in

this paper Iiow these two rneasures conelate with popular proxies for private information

incorporation, including the PIN. Finally, we define a relative trading intensity, the I/S-

Ratio, as («/ x i_Lj)/{as x fig). This measure will be used to provide some économie

intuition I)ehind our results.

Albuqu(;rque et al. (2008) propose a similar extension of the Easley et al. (1996)

model. In their franiework, informed traders trade on marketwide private information or

firm-specific private information. First, they show that their estimate of liquidity trades

(5 in our model) correlates very well with the first principal component in order-flow

I)roposed by Hasbrouck and Seppi (2001). Second, they show that information-driven

trading is aide to forecast industry stock returns and also currency returns. This evidcuice

l)ro\'ides su])port to the al)ility of our ect)nonudric model to disent-angle well liquidity from

sector-sj)ec,ihc and hrm-spcx'ific trades.

There are three important technic.al points that make our model différent from that of

Albuquerque et al. (2008). First, tluîir model allows liquidity trades from the buy side [sb)

to differ from the amount on the sell side (e,,). Setting the saine décomposition of £ would

lead to 2 + 6 x N parameters to estimate instead of 2 + 5 x iV, where N is the nuniber of

stocks. This ineans less degree of freedoin while quantifying aggregate liiiuidity trading is

not the heart of this paper. As a resuit, we avoid this additional complexity.

Second, their model does not tolerate the arrivai of days with both positive (negatR'e)

marketwide private information and négative (positive) firm-specific information.'^ We

do not enforce this restriction. Duarte and Young (2009) argue that sliocks that occur

simultaneously on the buy and sell side of the inarket niust be added to the trading process

because some days, market participants are enabk^ to agree about information ffow content.

" ]\ hcnrvf.j marketwide and firm-ffpccific private uifnriiiation on any jirin i art: tiitalttat.rvely ettntradietory. the Jinn-
sptn'-ifie news dominâtes investors be.havior. wh-ieh. is ronststent. with. the vtt w that marketwide private information is
yenerally eomposed on less prcttise information." (iip. 2301 of their paijer).
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By lifting the restriction, our frainework gives an explanation tu Duarte and Young (2009)

statement: Some days, positive (négative) signais on the finn's business environment are

collected sirnultaneously to négative (positive) signais about the finir herself. Under these

scénarios, the I-informed investors trade on the opposite side of the S-inforrued ones on

some days.

Third, our reformulation of the likelihood function following Lin and Ke (2011) allows

to estiniate our inodel on every stot:k, whate\'(;r the size of the underlying c:ompany. The

raw likelihood function used by Albiuiuerciue et al. (2008) forces the authors to adapt the

sample length by industry for their analysis ".../or some. numtJis the numher of buy and/oT

sell ordet s is sa hiyh fhat maxirnizing the log-likelihood fwiction. requires values higher than

the largest positive floatmg point mirnber in our personal computers. For this reason the

sample length varies across industries" (pp. 2316 of their paper).

Within a managed fund, it is possible that there are analysts dedic.ated to market-

wide risk and analysts dedicated to firm-specific risk. The analyst teams generate reports

suggesting two, perhaps opposite, trading stratégies. If advises differ, the fund clears

internally before sending orders to the market inaker, in order to minimize transaction

costs. We cannot observe market orders assoiûated to each strategy, just the executed

orders. Our assumptiou is that iinnstors replicate s\'stomatit:-based stratégies over seA cral

stocks of, for instance, a single industry. With the daily aggregation of transactions, a

teiidency of type long or short ernerges. Our model captures this trend. Cross-trading of

S-informed traders should generate cross-correlation in the order-flow. Simulations show

that as actually drives cross-correlation in the order-flow, and the magnitude of cross-

correlation coefficients using real trade sériés influences estimâtes and précision of as-

The existence of cross-pric^e impact, i.e. the impact of trading activity in une asset on

the price of other, lias been recently docuniented by Pasipiariello aiul Vega (2015). In

their setting, cross-price impact is likely to be attributalih» to the cross-trading activity

of sophisticated speculators. Rational uninformed market niakers, aware of this strategy,

attempt to learn aliout the liquidation value of une asset froiii the order fiow in other assets
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aiid set inices accordingly. The S-iiiforined traders might fit the trader profile described

by Pascpiariello and Vega (2015). However, tlie motivation beliind the trading strategy is

différent in our setting. In Pasquariello and Vega (2015), tlie trader attempts to attenuate

the dissipation of their information advantage in one asset while trading a cross-section of

assets limits the impact of idiosyncratic innovations on ])rofits in our fraiiu^work.

2.3.3 Estimation of parameters

Trades are defined as buyer-initiated and seller-initiated using a trade c;lassification

algorithm. The next subsection disc:usses the procédure. Ouc:e each trade is classi-

fied, we ol^tain the daily amounts (jf buyer-initiated trades and seller-initiated trades.

These are the two inputs of the Poisson mixture. The set of structural parameters

{a'5, ôs, Oc], s], •••1 1 £■'^1 IP'/ } iy estimated by maximum likelihood (ML
hereafter), and N stands for the number of stocks. The "market" parameters set {a;s', ̂ 5}

is estimated from the time-series and the cross-s(K".tion of observations. Without this con-

straint, we would be tinable to distinguish tlu; arrivai of scKdor-specific news from the

arrivai of idiosyncratic news. Simultaneously to {«5,(^,5}, each set [a), S], e'', fig, for
i = 1, ...,N is estimated by using individual tiine sériés. For instance, a bucket of N = 10

cornpanies leads to 2 -f 5 x 10 = 52 parameters to estimate simultaneously, given a total

number of 63 x 10 = 630 observations. Low (high) bounds of {05,(is-,a),(i)} are set to
0.05 (0.95) while {c',/t^,/i)} are bounded by 1 and 10,000.

Wlien maxiiîium likelihood is running, large l)uys and sells that feed the Poisson distri

bution may generate a numerical value that excxxxls the range of real vahuw that software

can handle. For instance, the exponent of 710 or higher numl)ers results in an (u-erflow

under MATLAB. This trouble is called the floating point exception (FPE). Lin and Kee

(2011) reformulate the log-likelihood to overconie the floating-point exception. We extend

their methodologj' to our framework. The stei)s of tins reformulation are given in Ap-

pendix II, with spécifie information about the algorithm used. Yan and Zhang (2012)

document a strong sensitivity of structural paranieter estimat(>s to the starting points. To
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avoid that a local maximum is reaclied iiistead of a glolial maximum, we adapt the procé

dure proposed by Yaii and Zharig (2012) in order to dérivé a set of initial guesses. Hence,

500 sets of parameters are tested as initial values and the set of structural parameters

returning the highest objective function is kept as the solution of the optirnization task.

The set is kept even if some parameters are boundary solutions. The adaptation of Yan

and Zhang (2012) to our model is described Appendix III. Estimation are performed

on MATLAB, over the HEC Montréal dedicated servers "Hernies". Parrallel procossing is

implemented to increase computational speed.

2.4 Methodology and data

2.4.1 Event study design

The officiai introduction date of the Select Sector ETFs, 12/18/1998, is used as the event.

The pre-i;vent iieriod is the 63 trading days (one quarter) that ends 21 days before the

event. The post-event period is the 63 trading days that starts 21 days after the event.

Hence, the 40 trading days (two month) that surrounds the event are excduded. With

Compustat, we gather information about GICS sector membership for the S&P 500 stocks.

We create nine buckets of highly licpiid stocks, one bucket per sector. Buckets are filled

according to the following procédure. First, S&P 500 stocks are sorted regarding their

liquidity level over the 250 trading days that précédé our event study. To do so, we

calculate the médians of the daily trading volumes recorded between August 1997 and

August 1998. Volume data are from CRSP. The 10 most liquid stocks of an industry fill

a bucket.

Three additional criteria drive the sample design, (i) The average trading activity must

be at least 100 BlTs and 100 SlTs over the pre-event period and ovei' the post-event

period.^ ' (ii) Companies must not experience cxirporate events like mergers, spin-offs or

stock splits that induce trading discontinuities or jumps in the order-how or stock prices.

Our .siiiiulHtiuns show that at. least this li(iui(lit.y level is iieees.>^ary to ohtaiii reliabhî (!stiniat(is of stnuTural i>arHinet<u-s.
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(iii) A niatching ticker from the Trades and Quotes (TAQ) dataset must be available since

TAQ is our intraday data ])rovider. A stock that does not respect any of the three criterioii

is replaced l^y iiext onesd''

Tickers, coinpanies and médian vohnne are reported Table I. The inost traded stocks

l^elong to the "Information Technology" industry, with a cross-sectional average of the mé

dian daily volume of 8,725,066 shares. It is followed Vjy "Consumer Staples" (2,229,127)

and Health Gare (1,794,386). The dominance of the Information Technology (IT) sector

in terrns of trading vohnne is related to the Dot-Com bubble that occurs between 1997

and 1999. To rule ont the possiljility that our results ai-e driven by the influence of the IT

sector, we re-run our analysis without the IT sector.

2.4.2 Microstructure and descriptive statistics

Trades (from TAQ Consolidated Trades file) and quotes (from TAQ Consolidated Quotes

file) before 9.30 am and after 16 p.m. are deleted. Quotes with a null size or with incorrect

mode (4,7,9,11,13,14,15,19,20,27,28) are also removed from the sainple. Following

Duarte and Young (2009), if S PRE AD > $5 or if $5 < MIDPOINT < $50 with

SPREAD/{BID + ASK) >0.25 or if MIDPOINT > $50 with SPREAD/{DID +

ASK) > 0.1, the observation is deleted. Trades with a non-null correction indicator or

with a null price are removed. Once the dataset is clean of abnormal trades and quotes,

we dérivé the national best bid and offer (NBBO) for eadi second, using the SAS script

developed by Rabih Moussawi.

Trades and quotes are inerging using the SAS "Dow Loop" created by researchers of

Wliarton University. We adopt a 1-second lag rule between trades and prevailing quotes,

as suggested in Henker and Wang (2006).' ' If no quote is available at the delay, the trade

Doilig so, Exxoii Corporation and Molnl C4)rporati()n (nun'm' in 19'J9). Citittori) and Travnltns Group (int'rt^c^ in lOUti),
First C hira>;() Bank aiul Bank Oin> Corp. in 199^) an' «'xcludcd from tho samplo. Gillfttc and Chryslcr arc
cxcli.ulcd Ix'causc tlicrc is no rnatching TAQ tirkcr,
B<^HSciii))indcr (2003) rccomnicnds a /(TO dtday in inalchiny; trades with quotes. Howcvcr. Htuikcr and Wan^i, (2000)
argiK^ that tiic i4)nt(unporancons qut)tc is niost likcly driven hy the tradw t^sing a /er(^ delay will residt in (piot(;s Ixûng
wroiigiy usetl as prevailing (piotes. Tluîy show that a l-s(!e(jnd <juot<; delay shonld Ix; used to inati:h qut^tes with trailes
instead. Moreovtu-, their study comprises ail stocks in the S&P 500 iiulex in 1999 with a prirnary listing on the NYSE
and traded for at least 200 trading days. Our sample is a subsample of tlmir sainple.
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is comparée! to the inost recent quote availaljle. Trades iii the few seconds after 9.30 a.m.

are compared to the most recent quotes between 9.00.01 and 9.29.59. Then, we follow

Easley et al. (1996) by collapsing into one trade all trades occnrring within 5 seconds of

each other at the saine price, with no intervening qnote revisions. Descri])tive statistics for

August 1998 - November 1998 (pre-event period) are given in Table II and in Table A.II

(Appendix V) at the stock level. Saine table for Jannary 1999 - April 1999 (post-(;vent

period) are available upon request.

There is a low heterogeneity of trade dispersions aronnd quotes. First, more than two-

third of trades are realized at quotes, on average. Tins is good lUiws for the accuracy of

estimated parameters, b(3cause the misclassihcation rate is the lowest for trades at quotes

(Ellis et al., 2000). Second, between 16% and 18% of daily trades are realized at midpoint.

Trades outside represent only a small proportion of the daily trade amount; Between

2.5% and 6.5%) on average, depending on the industry. However, it soars to 6.8%. for the

Health Care sector and 13.8% for the IT sector. Trades realized inside quotes represent a

proportion that lies between 8% and 14%.on average, except for the IT sector (4.2%,). This

singular distribution of trades for the IT sector is an additional motivation to re-run our

study on a subsample that excludes this sector. The largest end-of-day l)id/ask spread,

scaled by midpoint, holds for the Energy setdor ((.;ross-sec;tional average of 0.5%), following

by Materials (0.4%) and Utilities (0.3%)). Other industries return the saine hgure (0.2%).

2.4.3 Comparison with popular proxies for private information incorporation

To assess the reliability of our niodel, the sector-siiecific and idiosyncratic component of the

PIN are compared to the original PIN by Easley et al. (1996), a refined version proposed by

Diiarte and Yoiing (2009), bid/ask spread, absolute net order-how, size, analysts coverage

and idiosyncratic volatility. Corrélation coefhcients are reported Table III. It turns ont

that IPIN is better correlated than SPIN to proxies for private information incorporation.

First, the corrélation reaches 0.78 for IPIN versus PIN against 0.44 for SPIN vt^rsiis PIN.

This is large and significant at 0.5%. We oliservi^ the saine pattern with the extended
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PIN by Duarte and Yomig (2009) with a coefficient of 0.58 for IPIN versus DY_PIN and

0.32 for SPIN versus DY_PIN. Second, IPIN (SPIN) is correlated at 0.38 (0.29) and 0.56

(0.36) with bid/ask spread and ai^solute net order-fiow, respectively. Third, SPIN is less

correlated to aualyst cove rage than IPIN (—0.16 versus —0.22). This suggests that the

private iiiforiuatiou holding by stock aualysts is more hrm-specihc than sector-specific.

Idiosyucratic volatility quaiitihes the incorporation of private information into stock

prices (Roll, 1988). It is dehned as the standard error of residuals from a régression of daily

stock return over daily market return (jjrc^ied by the S&P 500 total daily returns). We

should obtain similar pattern with respect to proxies for [private information incor])oration:

High corrélation with IPIN and low corrélation with SPIN. However, both coefficients turn

ont to be large and signihcant (0.39 and 0.35). The idiosyucratic volatility measure is

obtained from a régression that controls for market-wide movements (S&P 500 returns)
and not f(jr sector-si)ecihc variations. Hence the latter is reflected in the residuals, and

idiosyucratic volatility correlates significantly with SPIN.'"

2.4.4 Order-fiow cross-correlatioii, paraiinder estimâtes and précision

Our model is able to generate a cross-(X)rrelation in the order-flow, due to the arrivai of

information common to companies that b(;long to the saine industry. In Table IV, we

measure cross-correlation levels truly observed in data. A bucket is ruade with 10 stocks

so that 45 corrélation coefficients are computed per bucket. As expected, order-flow raoss-

t:orrelation inatrix is large and signihcant. Average c.ross-t:orrelation lies within 22% and

55% for BIT, between 26% and 62% for SIT and Iretween 19% and 31%> for the net order-

flow. For the the sectors Energy (GICS code 10), Finance (40) and Utilities (55), the
av(!rage corrélation is above 45% and at least 75% of the coefficients are signihcant.

Médian estimâtes and médian standard errors of SPIN, IPIN and I/S-Ratio are reported

Table V for the i)re-event jxa-iod and Table VI for the post-event iieriod. Standard errors

Tliiisc ciicfficiciits arc olituiiic.l wluai IPL\ aiid SPL\ arc dcrivcd usiiin rlic Lcc ami Rcacly al(;i)ritliui to .sign
tradi'S. .MoiJifyiiig the algorithiii conld affwa corrélation Icvcl. In Table III, onc can casily chcck that the cocfHcicnts
arc qiiitr* siinilar whini the Chakrabarty et al. (201)7) algorithin replaces tiie L(!e ami Readv one.
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are computed usiiig the delta method. See Appendix II for computational détails. In

addition stock-level estimâtes and standard errors are provided Table A.II (Appendix

V). Duarte and Young (2009) provides estimâtes of PIN for a long period of time and a

large cross-section (48,512 firm-year observations between 1983 and 2004). The 5tli, 50th

and 95tli percentiles reported in the table 5, pp. 131 of their paper are 8%, 17% and 37%.

With our saniple, we obtain ll%i, 18% and 26%' nnder LR and 11%, 18% and 25% under

CLNV for the 5th, 50th and 95th percentile, respectively. Except for the 95th percentilc,

this is fairly close. The absence of small capitalization in our sample cxplains tins large

différence.

Highest PINs caii be found in the Energy industry, consistent with the high bid/ask

spreads observed for this sector. In the pre-event period, IPIN and SPIN médian estimâtes

are 0.103 and 0.106 under the LR algorithm and 0.103 and 0.102 under the CLNV algo-

rithm, respectively. The "IT" sector returns the lowest PINs, with a médian IPIN of 0.075

and a médian SPIN of 0.081, under the LR algorithm and a médian IPIN of 0.081 and

a médian SPIN of 0.080 under the CLNV one. This is consistent with the unusual high

trading volume that characterized this industry in the iniddle of the Dot-Com bul)ble.

The lowest médian I/S-Ratio is observed for the industry Financials. This is 0.79

under LR and 0.80 under CLNV. The I/S-Ratio can be interpreted as follows: For one

unit of S-informed trades, there is 0.79 unit of I-informed trades. Hence, the specialist of

the sector-specific information constitutes the large majority of the pool of sophisticated

traders. In the industry Energy, this is the opposite pattern: there is more I-informed

trades than S-informed trades. The I/S-Ratio is 1.09 under LR and 1.15 under CLNV.

Overall, estimations are précisé under tlie LR algorithm. kledian standard eri'ors lie

within 0.4% and 4.0% for both IPIN and SPIN. Only three cases return a médian standard

error above the médian parameter estimate: Consumer Staples and IT, in the post-event

period and Financials in the proevcnit period. However, this occurs oui}- under the CLNV

algorithm. Although we have run the optimization package (fmincon) several tinies for

these cases, these solutions turn ont to return the highest objective functions. So these



estimâtes are kept, despite the lack of précision.

2.5 Results

2.5.1 A modification in S- and I-informed trading activity

To test the migration and tiie hedging hypothesis, a sériés of Wilcoxon signed-rank tests

are performed. Results are provided Table VII. Tliere is evidence of a significant décliné

in the arnoimt of trades based on sector-specific risk information. For the full samplc and

mider the LR algorithm, as x fig moves from 81.56 to G8.75 from the pre-event to the post-

event period. This represents a drop by 15.7%. This resuit is strongly significant, returning

a z-value of 2.88. To be sure that this resuit is not driven by the unusual high trading

activity on the IT sector, tests are performed again without this industry. We obtain that

as X /iç shifts from 73.70 to 60.70 under LR and from 70.77 to 61.52 under CLNV. Both

resuit are significant at 0.5%) {z-value = 2.99) and 5% {z-vahie = 2.10), respectively. There

is no evitlence of more trades related to firni-sp(x;ific risk information. For the full sami)le

and under the LR alg(jrithm, x /i| moves from 67.41 to 75.44 from the pre-event to the

post-event period. This increases by 11.9% is consistent with the ijredicted direction of

the I-informed trading activity. However, this resuit is not significant, returning a z-value

of -0.80. It reniains non-significant under CLNV and when the IT sector is excluded of

the sample.

I/S-Ratio gives some économie intuition of what happened. In the benchmark test (full

sample, LR algorithm), the médian I/S-Ratio is 0.91 in the pre-event period and 1.12 in

the post-event period. For one unit of expected S-informed trades, there is 0.91 unit of

expected I-informed trades before the introduction of the ETFs. After the introduction,

there is 1.12 units of expected I-informed trades for one imit of expected S-informed trades.

It means that the traders specializing in trading the sector-si)ecihc risk (hrm-specific risk)

were a majority (minority) of sophisticated investors and liecame a minority (majority)

after the ETF introductions in December 1998. This finding is robust to IT sector exclusion
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aiid to a change of the classification algorithni.

The panel of plots provided Figure IV suinniarizes our findings. In addition, shifts at

industry-level are exhibited Figure V. For a g x there is a downward shift observed

for ail industries except for "Information Technology" and "Utilities" for which tliere is

no change. The largest shift is observed for the industry Industrials (—31%). 07 x /ty

goes up for four industries, goes down for four industries and does not inove for one.

These diff(;rences at:ross sectors generates non-significant results at the aggregate level.

The largest upward shift of the I/S-Ratio is oliserved for th(; Healtli Gare sector: From

0.77 to 1.28 under LRd"

2.5.2 Evidence of the migration effect

In this subsection, we show that the migration of the S-informed traders toAvard ETF

markets is resjjonsible for the significant décliné in the incorporation of sector-s])ecific

information. In Table VIII, we show that the PINs observed for the Select Sector ETFs

in the 3-nionth post-ineei)tion is unusually high with respect to PINs of other well-known

ETFs. Under LR, Select Sector ETF PINs lie within [24%;34%] and reach 44% for "XLP"

and 46% for "XLV". For the SPDR S&P 500 ETF ("SPY", introduced the 01/22/1993),

the SPDR Dow Jones Industrial Average ETF ("DIA", 01/13/1998) and the PowerShares

QQQ ETF ("QQQ" 03/10/1999), the PIN values over tlu; first 3-month of their existence

are 18%, 11% and 5% respectively. This is far below Select Sector ETF PINs. One

can observe that results are quite siniilar with the CLNV algorithni. We daim that the

migration of S-informed traders is responsible for the unusual level of soiihisticated trading

for the Select Sector ETFs compared to other poiiular ETFs.

To rule ont the iiossibility that the PIN reflects more illiquidity than informational

asymrnetry between market particiiiants, we reestimate parameters using the adjusted

PIN by Duarte and Young (2009). For the sector-specific ETFs, the adjusted PINs vary

between 24% and 34%, exeept for "XLP" (45.2%) and "XLV" (46.5%). For "SPY", "DIA"
At st.t)fk-l('V('l. tlip shift lias liccii ohscrvp»! for the couipaiiy PGt^E (l'tilitios inihistry,) for wliûh the I/S-Rathi
has iiiovcd froiii i.O!) to 3.32. uiitUd' LR.
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aiid "QQQ", values are 19%, 9% aiicl 3%, respectively, which is very iiiferior. Hence, the

Select Sector ETFs seern to have experienced an abnormal amoimt of sophisticated trading

over tlie tliree nionths following their introduction. In the analysis of Duarte and Young

(2009) over 48,512 firni-year observations, the PIN (adjusted PIN) equals to 28% (23%)

at the 75th percentile and 51% (37%) at the 95th percentile (Table II, pp. 124 and Table

V, pp. 131). Select Sector ETF PINs are hent:e abiionnally large, not only with respect

other ETFs, but also regarding the results of Duarte and Young (2009). \\h attribute tins

phenomenon to the presence of the S-inforined traders, that just migrate from underlying

stocks to the ETE markets.

If our daim, i.e. the migration of the S-informed traders toward the ETE inarket, is

correct, one c^ould expect a relationship between the loss in S-informed trading activity in

a bucket, measured by [0:5 x — [«5 x HsYpoIt" magnitude of sophisti(-ated
trading on the cx)rresponding ETE [log (o x , where o: and //. are estimated with the

original niodel of Easley et al. (199G). On the Figure VI, one can observe that a positive

relationship se(>ms to einerge. However, because the scatter ])lot is made with nine dots

(for the nine ETEs), tins resuit cannot be supported with statistical tests. With the LR

algorithm used to classify trades, the c.orrelation between [a.? x iis]pr"è'^ ~ [<^s x
and [log (a x readies 66.5% while this is 42.9% with the CLNV algorithm.

2.5.3 Control sample

To rule ont the possibility that soniething difi'ereiit of ETF introductions drives the signif-

icant cRanges in informed-ljased trading acti\'ity, we (i) re-run tests over a control sample

(il) pr(iduce differenccv-in-differences (DD hereafter) figures. The control sample is made

from two sources. A first bucket of 10 stocks from the largest and most liquid companies

belonging to the Télécommunications sector (GICS code 50) is created. Stock are selected

in the same way as in the treatrnent sample. "Tekx:onimunications" is the only one in-

dustry for which a ("orresponding Selecd. Sector ETF lias not been introduced in December

1998. The second group is a sample of 15 cross-listed stocRs (ADRs level II and III or
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regiilar stock if Canada is the honie-market).^" Froin the whole cross-listing universe, there

are 15 stocks, traded on NYSE or NASDAQ, level II or III, respecting an average level of

100 trades j)er day.

Consistent with the bucketing procédure for the treatment group, stocks of the control

group are bucketed by sector too. Five buckets of three stocks each are hence created,

the industries are Materials (GICS code 15), Consumer Discretionary (25), Consumer Sta-

ples (30), Information technology (45) and Teleconmiimications (50). Pooling the 25 five

defines our control sample. Company names, countries and main cross-listing détails are

provided in Table IX. Residts of the Wilcoxon Ranksum tests are displayed in Table X.^'

Regarding the size of the control sample (25 observations), we report the exact statistic

instead of the approximate one, only valid for large samples. Under LR (CLNV), the médi

ans of as X j.is and «/ x shifts by —1.15 (—3.66) and —5.42 (—0.38), respectively. Noue

of these variations are nonsignificant. The I/S-Ratio shifts upward under LR (—0.03) but

downward under CLNV (0.12). Hence, the pattern is very différent in the control sample,

compared to what is observed in the treatment sample.

To convince that no variation is ol)serA'ed on the control sample, we also produce

differeiice-in-difference measures. Since very few stock - matched stock pairs c;an be gener-

ated, we set up a bootstrapping-like procédure, working as follows: The twelve cross-listed

stocks from four buckets (GICS code 15, 25, 30 and 45, bucket code 50 is excluded given

the absence of matches) are randornly matched with the US stocks from a similar industry,

with replacement. Then, we compute the following statistic;

1
■Vi = — X

12

12

E
-| J r

Z 0[f^i X _ Z g/M/ A f \
post pre posf

(4)

ADRs is the iiiost popiilar way for a compariy to have its sharc cross-listfHi in L'S. Spoiisored L<;vel I shares havo ijiiiiiiiial
n^portiiig roquii'(!in(Tits, ami they arc only traihal ov(;r-rh(;-eount,(;r. Spoiisorod Level II sUares niust file a registration
stateiiioiit with tlu! SEC and r(!quired to file a Forui 2()-F aiiuually. The sliare eau he traded on a U.S. Stoek
Exeliange aiiiong N\SE, NASDAQ and AMEX. SponwortHl Level III eoinpaiiies niust file Ftjnu F-1, Fonn 20-F and
Fonn 6K. The npgrade with respect, to Level II allows to raise capital.
To save s]>ace, we do not r(;port SPIN and IPIN f(;r tln^ control sample, results are availahlc! upon recpiest.
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where j = 1, 1000 stands for sampliiig index, T for treatment sample and C for control

sainple. We obtain an average (û) of 0.27 with a standard déviation of 0.13. A t-test

on the Vj tiine sériés produces a t-stat of G0.51, showing that we strongly reject the null

hypothesis that v = 0. Hence, there are evidence that the infonned-based comi)onent of

the trading activity for the treatment group (the US sample) Iras been really affected by the

introduction of the Select Sector ETFs while no significant change lias been observed for

stocks not spanned by the ETFs, that is US stocEs from the Télécommunications industry

and ADRs.

2.5.4 International evidence

The introduction of the SPDR Select Sector ETFs is not the only one laboratory that

exists to analyze the reallocation of informed-based trading activity between stocks and

tradable indices. Cross-listed stocks are interesting investment vehicles foi- sophisticated

investors actually.-^ S-informed traders might see shares of soine liquid and diversified

foreign coniiianies as a way to obtain a spécifie: exposure to the honie-market c:ountry.

When a country-specihc index derivative is introduced, the investor spec:ialized in the

country-specific risk might be r-ery interested into switching to the new instrument because

the payoft' on this security is more correlated to the unoliservable country risk . For the

I-informed traders, country-specific FTF can lie used as an hedging instrument since the

country risk is an important factor driving stock returns in international markets. Country

factors have a dominant rôle in stock return co-niovements (Heston and Roiiwenliorst,

1994) and this is even stronger for emerging markets (Serra, 2000).

We gatlier tick-by-tick data for a sample of American Depositary R,eceipts (ADRs) from

emerging countries arouiid the introduction of country-specific FTFs.-^ Putting together.

Tlic oxtuiit of privait) iiiformatitm is ovtiii widtR- witii rcspori to US stocks siin:p additional source of risk exist, like
the excliaiige rate or the political risk. Moreovtn-. soine nt^ws provide<l in local toiii^uc are iiot uecessarily rehtH'ted in
the host.-niark(d stock prices. Visaltaclioti antl Yan^" (2010) confirin that cross-listed stocks have hitçher infonnational
asyniuietry tlian l S stocks, with an average PIN of 10'^ for foreign stocks agaiiist 7% for US stocks.
1 nlike the SeletR Sector ETFs, they are not introdnced siinultaneously hut ilispersed between 2000 and 2011, and
with différent ETE si)onsorship. In alphabetic order: .^rKinitiuH ("Global X MSC'I .Vr^i'iitina ETF, iutrodiiood tho
(13/1)3/2011, 0 llcjuid ADRs with intraday data availablo), Brazil (''iSliaros MSC'I Brazil C'appcd ETF", 07/10/2000.
2 ADRs), Chih- ("iSluiKW MSCI Cliilo Cappcd ETF". 11/12/2007, .5 ADRs), China ("iSharns China LarKo-cap'h
10/0.7/2004, S ADR.S), Iiidia ("MSCI India Iiidox ETN", 12/19/2000, S ADRs), M.'xico ("iSharos MSCI Mcxioo Cappod
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this represeiits a sami)le of 46 stock-quarter observations. We follow a niethodolog}' siinilar

to the one iised for the analysis of the US sample. We perform the sanie event stiidy

niethodology: The 40 trading days centered on the ETF introductions are excluded and

the parameters are estimated with a quarter of trading days before and after. ADR

list, paraineter estimations and standard errors are available upon request. Results are

exhibited in Table XI. The imll hypothesis that sample médians are equals for o,s' x

and Q/ X fij c:annot be rejected. Under LR, we oljtain a différence of 7.65 {z-viilue = 0.14)

for Q\ç X /i<j and a différence of —9.40 {z-value = 0.97) for a/ x fXj. Under CLNV, results do

not widely differ and p-vahies are ail above 5%. One cannot conclude that the S-informed

traders have migrated toward the country-specific ETF markets and the hypothesis that

the hedging hypotliesis does not lind support either.

2.6 Conclusion

This paper is the hrst to présent a model that attempts to disentangle the informed-based

trading acdivity into a sector-specific (type S) and a firm-si^ecific (type I) components. This

spécification is based on an underlying structure in which sorne agents acquire signais on

the sector-specific risk while others acquire [nirely firm-specific private information. The

arrivai of tradable indices is supposed to niodify the behavior of these two types of traders

(Subrahmanyam, 1991; Yuan, 2005). Because tradable indicées are more correlated to the

unobservable sector-specific risk than a single stock, the specialists of this information

should migrate toward markets for index {migration hypothesis). Investors that trade on

firm-specific information are expected to increase their trading activity: By using tradable

indices as an hedging instrument, they lirnit their exposure to the sector-specifie: risk and

acliieve higher returns {hedging hypothesis).

The introduction of the State Stn>et SPDR Sedect Sectors ETFs in December 1998 is the

idéal laboratory to study how the; informed-basesl trading activity evolves. The si)ecialists

ETIC 2 ADRs), Riissui ("lîS.X Miirkct Vfitor", 01/24/2111)7, K .\ORs), SunUi .UViia ("iShurcs .\ISCI Soulli
Afrir.i ETP'", 02/03/2003. 3 ADR.si, Tuiw.u. ("iSharcs MSCI Taiwan ETF". 03/20/200.S. 7 ADRs). At in.cptinu. AU
ETFs pioviilc a couiitiy cxjtosurc alxnc cxrcpt Artijciitiiia (aruniul ÔO''^ ).
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of the industry risk are expected to niigrate to the ETF niarkets while the specialists of

the finn-specific risk caii use these ETFs as an hedging instrument against sector-specific

innovations. To conduct our empiri(;al analysis, we create nine Ijuckets of 10 stocks, each

bucket reflecting a two-digit GICS sectoi- and containing the largest, most licpiid companies

of their respective sectors. Tins aiins at reflecting the presumed undcriying holdings of

the ETF sponsorship. We follow Albuquerque et al. (2008) by assiuning the arrivai of

private information of type S or type I, separately or the two simultaneously. We estimate

structural i)aranieters by maximum likelihood over the stock-quarter panel of intraday

data, before and after ETF introductions.

By performing non-parametric tests over the trading activity related to sector-specific

information and firm-specific information separately, we find strong evidence in fa\-or of

the migration hypothesis. Tins finding is robust to the choice of the trade classification

algorithm and to the exclusion of stoc:ks from the IT sector (exclusion justified by the Dot-

Coni bubble). Howevcr, there is clearly no evid(nK;e in favor of the hedging hypothesis.

An increas<î in the trading activity of type I is actually observixl but tins is small and

non-significant at 5%. Trading costs (exi)ense ratios, short-s(;ll costs) may play a rôle to

explain why the I-informed traders do not use the ETFs as hedging instrument.

To rule ont the possibility that soniething différent than ETF inception is r(?sponsible for

our findings, we conduct the saine event study on a control sample. We find no signific;ant

change in the S-informed and the I-informed trading intensity around the event. In the

3 months post-introduction the Select Sector ETFs are characterized by a liighly level of

sophisticated trading compared to what experienced other popular ETFs in the aftermath

of their launch. In addition, it seems that there is a positive relationship between the loss

if S-informed traders on an industry and the rnagnitutle of sophisticated trading on the

corresponding ETF. Tins provides additional evidence in favor of a migration effect.
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Figure I Panel A: SPDR Select Sector ETFs
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Figure I Panel B: Underlying stock volumes
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Figure I.A shows the total volume for ETFs and our stock sainple. To make figures comparable, dally volumes
(from CRSP) are summed over a mouth and displayed uiider a logarithinie transformation. Panel A shows \-olunie
time sériés of the nine State Street SPDR Select Sector ETFs, introduced sirnultaneously on 12/16/1998. The
selected time period is December 1998 - December 1999. Plot subtitles are underlying sector naines with CRSP
tickers and two-digit GICS codes. Eacli of the SPDR ETF provides an e.xposure on a particular CUCS sector.
"GICS" .stands for Gobai Industry Classification Standaril. This classification has lieen jointly developed by
Standard & Poor's and Morgan Stanley Capital International (MSCI). Définition of sectors can be found in
https://www.msci.com/gics. Panel B shows volumes for our stock sample (90 stocks), split by industry. Company
names and tickers and given in Table X. The stocks have been selected according to three criteria: (i) They
are the most liquid stocks of their industry, where liquidity is pruxied by the médian volume over .'\ugust 1997
- .4ugust 1998. and industry classification is derived from the two-digit GICS code, (iii) No significant corporate
event (mergers, spin-offs or stock-splits) occurs duriiig the analysis period .August 1998 - Ainll 1999. (iii) Intraday
data availability is required over the analysis period. The plots are cross-sectional averages of stock-level time
sériés.
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Figure IV Panel A: Structural parameter shifts - Full sample -
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Figure IV Panel B: Structural parameter shifts - Information Technology excluded -

Expected number of
S-informed trades

«s X p.

Expected number of
l-informed trades

Q| X 60

Reiative informed

trading

-•-CLNV

Pre-event Post-event

1.1

1

0.9

-•-CLNV

Pre-event Post-event

Pre-event Post-event

The sophisticated trading aidivity on the stock niarkets is decomposed in two components: (\s X + X as
(a/) is the probability of incorporation of private information of type sector-specific (idiosyncratic). is the
expected trading intensity of the S-informed ( I-informed) investors. ay X /.ly refiects tlie exintcted number of trades
from sophisticated investors specializing in trading the sector-specific risk. n[ x reffects tire expected number
of trades front sophisticated investors specializing in trading the idiosjmcratic ri.sk. This panel shows tiie médian
values of ay X fi.g (left side) and Q/ X fij (middle) before ("Pre-event") and after ("Post-event") the introduction
of the State Street Select Sector ETF.S in Decemlter 1998. The ratio of the two components is also displayed (right
side). Panel .\ stands for the fnll sample (90 .stock-qiiarter observations) while Panel B stands for a subsample that
excludes stocks of the sector "Information Technology". Trades must be classilied before parameter estimations.
For rolmstness purposfg two différent algorithrns are use<l. Trades art^ classilied according to the Lee and Reaifv
(1991) algorithm lirst ("LR"). then trades are classilied fullowing an alternative ruie ])rupused hy Chakraharty et
al. (2007) ("CLNV").
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Figure V: Industry-level shifts
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The sophisticatccl trading activity ou tlic .stock markets is d(!coiupos<>d iii two coinponents: as x ft^ + a{ x
(^s ('""i) is the probaiùlity of incorporation of private inforniation of type .sector-.specâfic (idiosyncratic).

('■s {/'/) is the expected trading intensity of the S-infonnod (I-infbriueil) investors. as x /t^. refiect.s the
expected iinintrer ot trades froiri sophisticated investors specializing in trading the sc^ctor-.specific risk.
ai X i_i[ rofiochs tiie expected mmiber of trades froin sophisticated itn'estors specializing in trading the
idio.syncratic ri.sk. This i)aiiel sliovvs the médian values of a_s x (dark bar) and ai x p; (light bar)
before ("Pre-event") and after ("Post-event") the introduction of the State Street Select Sector ETFs in
December 1998, at industry-le\el. Each industry nanie reflects a two-digit GICS sector.
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2.9 Tables

Table I: List of stocks

Ticker Company name Daily volume Ticker Company name Dailj' volume

GICS 10: Emirgy
BHI Baker Hnghes 1,032,600 NBR Nabors Industries 873,500
CHV Chevron 1,202,300 OXY Occidental Petroleum 970,850
DO Diamond Offshore 1,083,300 RDC Rowan Drilling 898,000
ESV Ensco 1,260,100 SLB SchlumbcTger 2,417,850
HAL Hallibnrton 1,875,450 WMB William Ces 913,850

aies 15.; Materiah
AA Alcoa 707,550 IP International Paper 1,179,900
BS Bethelem Steel 1,025,400 XEM Xewmont Mining 957,900
DD Du Pont de Nemonrs 2,545,600 UK Union Carbide 588,250
DOVV Dow Chemical 578,950 SHW Sherwin Williams 390,100
HM Hornestake Mining 891,950 X United States Steel 524,500

GICS 20: Industrials
BA Boing 3,051,000 LUV Southwest Airlines 822,350
C.4T Caterpillar 1,220,400 MMM Minnesota Mining 907,850
DE Deere & Co. 810,100 UNP Union Pacifie 837.950
EMR Enierson Electric 081,550 TYC Tyco International 1,212,900
CE Ginnaal Electric 4,208,050 UTX United technologies 700,500

GICS 25: ConstuiK-vr Disn-etion.ary
CBS CBS Corp. 2,029,400 MAT Mattel Inc. 974.150
DIS W'alt Disney 1,433,200 .MCD McDonald's 1,932.000
F Ford Motor 2,720,700 NKE Xike Inc. 1,264,000
CM Général Motors 2,435,700 SPLS Staples Inc. 1,598,228
HD Home Dépôt 1,825,900 TWX Time Warner 1,304,900

GICS 30: Co•nsuiner Staples
CAG Conagra Foods 939,150 PEP Pepsico 3,314,700
COST Costco IVholeale 1,592,510 PG Procter and Gamble 1,823,450
KAIB Kymberly-Clark 1,431,700 SLE Sarah Lee Corp. 954,850
KO Coca-Cola 3,034,200 SWY Safeway Inc. 796,000
MO Altria 5,594,001 Y"MT Wal-Mart Stores 2,810,100

This table présents tickers aiul Company naines of onr stock saniple, in colnmn (1) and (2) respectively.
Eacli bucket has ten stocks and matches a particular GICS sector. "GICS" stands for Gobai Indnstry
Classificat ion Standard. Tins classification lias been jointly ileveloped by Standard & Poor's and Morgan
Stanley Capital International (MSCI). Définition of sectors can be found in littps;//ww\v.insci.coin/gics.
Tlie stocks ha^•e been selected according to three criteria: (i) They are the inost liqnid stocks of their
industr>', where licpiidit}' is proxied by tlie médian volume o\er Augnst 1997 - Augnst 1998 and indnstry
clas.sification is derived from the two-digit GICS code, (ii) .\o significant cor|)orate event (inergers, spin-ofls
or stock-siilits) ocmirs during the analysis period Augnst 1998 - April 1999. (iii) Intraday data availability
is reqnired over the analysis period. Colnmn 3 gives the daily nnmber of shares traded (médian).
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Table I: Continued

Ticker Company naiiii' Daily volume Ticker Company name Daily volume

GICS 35: Health Care

ABT Abbot Laboratories 1,275,400 LLY Lilly aiid Co. 2,453,300
AMGN Anigen Inc. 2,459,153 MDT Medtronic Inc. 1,265,000
BMY Bristo-Meyers 1,872,800 MRK Merck and Co. 2,624,250
CNTO Centocor Inc. 1,341,859 SGP Scheriug-Plough 1,539,150
JNJ .lohuson and Joluison 2,243,700 UNH Linited Healtlicare 869,250

GICS 40: Financials
ALL AllState Corp. 957,450 FNM Faimie Mae 2,090,800
AIG American International 945,050 .IP ,1P Morgan and Co. 754,800
AXP Arnerican Expre.ss 1,158,650 MEL Mellon Bank 902,750
BK Bank of New York Inc. 795,300 PNC PNC Bank 539,200
CNC Gonseco Inc. 971,000 STI Suntrust Banks Inc. 239,850

GICS 45' Infonnation Teclinology
AMAT Applied Matorials 7,346,347 INTC Intel Corp. 15,627,592
COMS 3com Corp. 6,829,319 MSFT Microsoft 9,548,057
CPQ Compaq Computer 12,170.950 MU Micron Technologies 3,773,900
CSCO Cisco Systems 8,540,194 ORCL Oracle Corp. 7,309,035
DELL Dell 10,884,782 SUNW Sun Microsystems 5,220,491

GICS 55: Utilities

AES AES Corp. 400,550 PCG PG&E 796,800
D Dominion Resources 386,950 PEG Puldic Ser^dce Enterprise 404,950
DUK Duke Energy Corp. 584,900 SO Southern Corp. 1,066,850
ED Consolidated Edison 410,850 UCM Unicom Corp. 608,500
ETR Enterg>' Corp. 694,150 TXU Texas Utilities 652,650
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Table II: Descriptive statistics

Statistics Share B/A BITs SITs Outside At Inside At
price spread ([notes ([Ilotes quotes niidpoint

(S) (%) (%) (%) (%)

GICS 10: Eriergy
Mean 30.0 0.005 413 343 0.040 0.711 0.081 0.181

Médian 22.6 0.004 350 300 0.033 0.714 0.078 0.181
Min 9.2 0.000 103 69 0.000 0.476 0.000 0.071
Max 88.9 0.023 1408 1011 0.300 0.915 0.231 0.313

GICS 15: Matenals
Mean 39.3 0.004 328 295 0.033 0.703 0.107 0.167

Médian 33.5 0.003 269 235 0.027 0.686 0.112 0.167
Min 7.1 0.000 73 81 0.000 0.506 0.000 0.060
Max 100.8 0.032 1228 1049 0.320 0.934 0.317 0.308

GICS 20: Industrials
Mean 54.1 0.002 550 491 0.045 0.663 0.127 0.178

Médian 49.0 0.002 372 326 0.032 0.653 0.112 0.176
Min 16.4 0.000 130 125 0.002 0.395 0.000 0.066
Max 100.6 0.011 2755 2489 0.357 0.903 0.425 0.325

GICS 25: Consumer Discretionary
Mean 45.9 0.002 657 574 0.049 0.702 0.088 0.172

Médian 40.4 0.002 526 494 0.037 0.707 0.073 0.176
Min 20.4 0.000 132 111 0.000 0.468 0.000 0.067
Max 98.8 0.009 2524 2092 0.429 0.912 0.327 0.310

GICS 30: Consumer Sta.ple,s

Mean 51.5 0.002 656 613 0.0-59 0.693 0.086 0.175
Médian 49.7 0.002 662 626 0.046 0.701 0.089 0.173

Min 23.3 0.000 1.57 143 0.005 0.492 0.000 0.067
Max 91.4 0.008 21.54 1619 0.375 0.881 0.312 0.312

This table shows the descriptive statistit:s of the sariijjle, aggregated at iridiistry level, over 08/19/1998
- 11/16/1998. Industries are defined accordiiig to the two-digit GICS sector. "GICS" stands for Gobai
Industry Classification Standard. This classification, jointly developed In- Stanflard & Poor's aud Morgan
Stanley Capital International (MSCI), lias been widely recognized as a benchinark by market participants
and its snperiority over other inethods is documented in Bhojraj et al. (2003). Définition of sectors can
be found in https://w\v\v.insci.coiii/gics. There are 10 stocks fier Vjucket, see Table II. Saniple design
is detailed section IV, subsection I. Médian, inean, niaxinrain and miniinuin are derived from the 630
stock-day observations por bncket, i.e. 63 trading days over the period 08/19/1998 - 11/16/1998, finies 10
stocks. Share price and B/.\ spread are observed at the end of the trading dai'. BITs and SITs stands for
liuier-initiated trades and seller-iiiitiated trades. respecti\el\'. The initiation is detennined by the Lee and
Ready (1991 ) algorithrn. For these variables, statistics are ronnded. The last four colmnns rejiort statistics
aliout the iiroportion ot transactions realized oiitside of quotes, at the ipiotes, inside the quotes and at
rnidpoint, respectively. These figures are averaged over days and then ai'eraged oi'er the cross-section so
the suni of the four statistics difîers sliglitly froni one.

46



Table II: Coiitiiiued

Statistics Share B/A BITS SITs Ont si de At Inside At

pric(! spread qviotes quotes quotes iiiidpoint
(S) (%) (%) (%) (%)

GICS 35: Health Gare
Mean 74.9 0.002 623 602 0.068 0.635 0.143 0.164

Médian 74.9 0.002 618 563 0.057 0.643 0.131 0.168

Min 32.3 0.000 102 101 0.000 0.389 0.000 0.036

Max 147.1 0.008 1938 1915 0.409 0.964 0.327 0.287

GICS 40: Financials
Mean 59.8 0.002 496 408 0.052 0.660 0.133 0.168

Médian 59.5 0.002 471 388 0.041 0.661 0.131 0.166

Min 23.5 0.000 126 89 0.004 0.407 0.019 0.071

Max 126.2 0.011 1362 1029 0.456 0.875 0.289 0.313

GICS 45: InformatÂon Technology
Mean 53.4 0.002 1748 1805 0.138 0.708 0.042 0.115

Médian 42.4 0.002 1522 1590 0.112 0.734 0.040 0.114

Min 19.1 0.000 300 339 0.022 0.137 0.000 0.045

Max 128.7 0.007 9412 8529 0.7.53 0.916 0.132 0.219

GICS 55: Utilities

Mean 40.3 0.003 182 180 0.025 0.697 0.101 0.186

Médian 38.3 0.003 170 170 0.020 0.699 0.095 0.180

Min 24.3 0.000 61 65 0.000 0.446 0.000 0.064

Max 70.7 0.010 451 405 0.303 0.918 0.317 0.431
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Table IV: Cross-correlation of order-flow

GICS BIT SIT OFI
Code mean % mean % mean %

10 0.46 0.78 0.45 0.73 0.29 0.58
15 0.22 0.53 0.26 0.51 0.20 0.42
20 0.34 0.73 0.39 0.80 0.25 0.53
25 0.31 0.60 0.50 0.91 0.21 0.42
30 0.33 0.62 0.46 0.82 0.21 0.40
35 0.37 0.71 0.41 0.69 0.31 0.62
40 0.49 0.84 0.52 0.96 0.30 0.69
45 0.46 0.76 0.35 0.64 0.19 0.40
55 0.55 0.89 0.62 0.98 0.24 0.53

This table exhibits two statistics aboiit the cross-correlation of stock-le\-el time sériés. Entries in coliitnn
(2), (4) and (6) are average cross-correlation coefficients. Coluinn (3), (5) and (7) are the proportion of
coefficients that are significant at the 5% levcf. There are 10 stocks per industry (two-digit GICS code),
producing 45 corrélation coeffici(>nts per industry. "BIT" stands for buyer-initiated trades (\ve calcnlate
BITi vs BITj with i ̂  j), "SIT" stands for seller-initiated trades (SITi vs SITj with i / j) and "OFI"
stands for onler-ffow imbalance {{{BITi ~ BITj)/(BITi + BlTi)] vs [(BITj - BITj)/{BITj + BITj)] with
i  j). The time sériés spanned tlie ireriod 08/19/1998 - 11/16/1998 and comi)anies i and j tliat belongs
to the saine industrv.
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Table V: Pre-event parameter estimâtes

TCA Lee and Ready (1991) Chakrabarty et al.  (2007)

Iiidustry IPlN SPIN I/S-Ratio IPIN SPIN I/S-Ratio

Energy 0.103 0.106 1.090 0.103 0.102 1.148

(10) (0.010) (0.007) (0.127) (0.007) (0.008) (0.120)

Materials 0.106 0.099 1.138 0.086 0.110 0.906

(15) (0.008) (0.005) (0.112) (0.034) (0.007) (0.273)

Industrials 0.092 0.082 1.076 0.077 0.096 0.909

(20) (0.006) (0.004) (0.108) (0.036) (0.010) (0.407)

Consumer 0.076 0.087 0.820 0.092 0.082 1.081

Discretionary (25) (0.011) (0.006) (0.152) (0.006) (0.004) (0.115)

Consumer 0.066 0.092 0.848 0.076 0.090 0.915
Staples (30) (0.021) (0.012) (0.316) (0.015) (0.022) (0.327)

Health Cave 0.077 0.091 0.805 0.078 0.081 0.896

(35) (0.014) (0.006) (0.149) (0.009) (0.004) (0.126)

Financials 0.090 0.101 0.793 0.083 0.100 0.799

(40) (0.035) (0.013) (0.419) (0.076) (0.075) (0.882)

IT 0.075 0.081 0.945 0.081 0.080 1.030

(45) (0.026) (0.005) (0.252) (0.005) (0.004) (0.082)

UUlitÀes 0.090 0.103 0.867 0.100 0.101 0.999

(55) (0.012) (0.006) (0.150) (0.009) (0.006) (0.123)

Structural pararneter estimations are perfornied over a sample of 90 stocks. Sample design is detailed
Section IV, subsection I. Stocks are bucketed according to the two-digit GICS sector (Column 1) and
structural parameters are estiniated by tiine sériés cross-sectional maximum likeliliood, for tire time window
08/19/1998 - 11/16/1998. The objective function, a mixture of Poisson distribution, is given ecjuation (3).
The daily records of buyer-iuitiated trades (BlTs) aiid seller-initiated trades (SlTs) are used as inputs of
this densit}' function. IPIN, SPIN and I/S-Ratio are derived for each stock-quarter observation. Eiitries
are médian values, while médian standard errors are reported below. Standard errors of parameters are
calculated with the delta niethod (See Appendix II). To classify trades as BITs or SITs, we use two
différent trade cla.ssification algorithms (TCA). Results under the Lee and Ready (1991) algorithm are
reported column (2), (3) and (4) while results under the Chakrabarty et al. (2007) are reported column (5),
(6) and (7). Testing différent classification algorithms aim at rnaking our results robust to the presence of
the misclassification rate. To match trades with pre\'ailing cpiotes, we select a lag of one second, following
Henker and Wang (2003).
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Table VI: Post-event parameter estimâtes

TCA Lee and Ready (1991) Chakrai'arty et al. (2007)

Industry IPIN SPIN I/S-Ratio IPIN SPIN I/S-Ratio

Energy 0.090 0.083 1.194 0.086 0.084 1.095
(10) (0.010) (0.005) (0.146) (0.007) (0.006) (0.127)

Maternais 0.086 0.074 1.160 0.085 0.073 1.144
(15) (0.009) (0.005) (0.245) (0.006) (0.005) (0.153)

Industrials 0.073 0.057 1.456 0.065 0.054 1.198
(20) (0.008) (0.005) (0.222) (0.010) (0.015) (0.370)

Consumer 0.089 0.078 1.248 0.086 0.079 1.252
Discrctionary (25) (0.005) (0.004) (0.098) (0.010) (0.008) (0.338)

Consumer 0.070 0.061 1.212 0.069 0.074 0.868
Staples (30) (0.006) (0.005) (0.152) (0.403) (0.105) (5.353)

Health Care 0.086 0.069 1.286 0.081 0.066 1.332
(35) (0.004) (0.004) (0.089) (0.005) (0.004) (0.108)

Ftnancials 0.070 0.080 0.856 0.067 0.063 0.957
(40) (0.024) (0.009) (0.339) (0.030) (0.012) (0.437)

IT 0.076 0.065 1.176 0.067 0.069 0.908
(45) (0.003) (0.002) (0.073) (0.066) (0.081) (1.383)

Utilities 0.084 0.088 0.998 0.088 0.094 0.991
(55) (0.015) (0.008) (0.295) (0.040) (0.014) (0.427)

Structural parameter estimations are performed over a sample of 90 stocks. Sample design is detailed
Section IV, subsectiou I, Stocks are bucketed accordiiig to the two-digit GICS sector (Columii 1) and
structural pai-ameters are estirnated by time sériés cross-sectional maximum likeiihood, for the time window
01/19/1999 - 04/19/1999. The oljjective function, a mixture of Poisson distribution, is given équation (3).
The daily records of buyer-initiated trades (BITs) and seller-initiated trades (SITs) are used as inputs of
this density function. IPIN, SPIN and I/S-Ratio are derived for each stock-quarter observation. Entries
are médian values, while médian standard errors are reported below. Standard errors of parameters are
calculated with the delta method (See Appendix II). To cla,ssify trades as BITs or SITs, \ve use two
difterent trade classification algoritlims (TCA). Results under the Lee and Ready (1991) algoritlim are
reported column (2), (3) and (4) while results under the Chakrabarty et al. (2007) are reported column (5),
(6) and (7). Testing diftVu'ent classification algoritlims aim at makiiig our results robiist to the presence of
the rnisclassification rate. To match trades with prei^ailing quotes, we select a lag of oiie second, following
Henker and Wang (2003).



Table VII: Non-parametric tests for the treatment sample

Variable Sample Algorithm Pre-

event

Post-

event

Diff. Signed Rank
test (z-value)

Expected number of
S-informed trades

AU obs.
(V = 90)

LR
CLNV

81.564

77.948
68.753

66.068

-7.646

-5.926

2.875***
1.603

as X 1.1s
IT exc.

(V = 80)
LR

CLNV
73.699
70.770

60.697

61.525
-7.646

-6.738

2.998***
2.101*

Expected number of
I-informed trades

Ail obs.
(N = 90)

LR
CLNV

67.411

65.250
75.438

73.401
0.890

-0.438

-0.803

0.058
ai Xf.li

IT exc.

(N = 80)
LR

CLNV
62.061
61.978

68.984
64.965

0.262

-0.438

0.038
0.312

I/S-Ratio
(«/ X fi.i)/ {as X fig)

AU obs.
(N = 90)

LR

CLNV
0.908

0.944
1.117

1.034
0.316

0.118

-4.690***
-2.597**

IT exc.

(N = 80)
LR

CLNV
0.906

0.933

1.117
1.075

0.316

0.133

-4.350***
-2.969***

The sophisticated trading activity on the stock markets is decomposed in two coinponents: as x p,s + ai x
. as (o/ ) is the probability of incorporation of {irivate information of type sector-specific (idiosyncratic).

Us is the expected trading intensity of the S-informed (I-iiiformed) investors. as x reflects the
expected number of trades from sophisticated investors specializing in trading the sector-specific risk.
a/ X i-ij reflects the expected nurnljer of trades from sophisticated investors specializing in trading the
idiosyncratic risk. In tins table, we report the médian vaines of as x fig and a/ x before and after the
introduction of the State Street Select Sector ETFs in December 1998. In addition, we riin nonparametric
tests in order to assess if médians are signifîcantly différent. The Wilcoxon signed rank test is well
designed for detect shifts in a paired sample (i.e. before versus after a treatment) and it does not require
assumptions on the underlying distribution of the variable. Our sample is made with nine buckets of ten
stocks, one bucket per GICS sector. The cross-section time-series of trades (daily arnount of buyer- and
seller-initiated trades) are used as inputs of the density function (3) and ail parameters are estimated
by maximum likelihood. "Ail obs." refers to the whole sample (90 observations). "IT exe." refers to a
subsample (80 obser^-ations) that excludes obser-\'ations from the IT industry. Tests are performed on
this subsample to rule out the issue tliat results are driven by the unusual high trading volume that
characterized this industry during the Dot-Coin bubble (1997-2000). Trades are classified according to
the Lee and Ready ("LR", 1991) algorithm. For robustness purpose, we also classify' trades following the
Chakrabarty et al. ("CLNV", 2007) methodology, and tests are performed again. The pre-e\-ent period
is defined as 08/19/1998 - 11/16/1998 and represents a 63 trading days (a qiiarter) ending 21 days before
the officiai date of introduction of the nine Select Sector ETFs (12/16/1998). The post-event period is
defined as 01/16/1999 - 04/19/1999 and represents 63 trading days (a cpiarter) Vieginning 21 days after the
officiai date of introduction of the nine Select Sectors ETFs respectively. Test outconies are summarized
with the following notation: *, **, *** iiidicates significance at the 5%, 1%, and 0.5%, respectively.
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Table VIII: Infornied trading in ETF markets

Model Easley et al. ( 1996)

Algorithm LR CLNV

XLB 7.44 14.16 0.34 (0.11) 7.32 13.98 0.34 (0.11)
XLE 19.44 ,50.72 0.28 (0.05) 18..57 51.28 0.27 (0.04)
XLF 18.36 54.64 0.25 (0.03) 17.81 .54.73 0.25 (0.03)
XLI 3.39 10.49 0.24 (0.10) 3.36 10.33 0.25 (0.11)

XLK 118.96 341.82 0.26 (0.01) 101.28 3.58.77 0.22 (0.01)
XLP 24.03 30.93 0.44 (0.02) 22.72 31.76 0.42 (0.04)
XLU 5.94 14.22 0.29 (0.04) 5.57 14.54 0.28 (0.03)
XLV 12.08 14.06 0.46 (0.06) 11.72 14.04 0.46 (0.09)
XLY 5.53 11.46 0.33 (0.04) 5.24 11..54 0.31 (0.05)

SPY 6.74 31.34 0.18 (0.03) 6.87 31.20 0.18 (0.04)
DIA 28.80 225.14 0.11 (0.02) 27.79 225.83 0.11 (0.02)

QQQ 66.84 1232.24 0.05 (0.02) 50.71 1247.91 0.04 (0.01)

The probability of informed ti-ading is compnted for the niiie Select Sector ETFs and for the wiiidow
01/16/1999 - 04/19/1999. These ETFs have been iiitroduced on 12/16/1998 but we exclude the first
20 days of trading bec:ause there are iisually ver>' few sell orders in the weeks that iimnediately follow
the inception of a iiew security. The standard PIN rnodel of Easley et al. ("EKOP_PlN", 1996) and
an extension proposed by Duarte and Young ("DY_P1N'', 2009) are estiniated by niaxirmiin likelihood.
a X /!t, displayed coluinn 2, 6, 10 and 14 .stands for the infornied-based trading inteusity \\'eighted by the
probabilit}' of private information incorporation by the stock market and 2 x displayed column 3, 7, 11,
and 1.5, represents the total non-informed trading intensities. PIN formulas are:

EKO P _PI N = (a X /-i)/(2 x f + a x ^t) ; DY _PIN = (a x fJ.)/{'2 xe + ax/i + 2x6'xA)
"EKOP_PIN" is reported column 4 and 8 while "DY PIN"' is reported column 12 and 16. The extension
of Duarte and Young ( 2009) accommodâtes the arrivai of a symmetric order-flow shock with probability 0
and magnitude A. This feature matches the observed covariance between buyer and seller-initiated trades.
Aside PIN estimâtes, we provide the standard errors obtained by nsing the delta method. The dérivation
of standard errors is presented Appendix II. Trades are classified according to the Lee and Ready
("LR'', 1991) algorithm. For robu.stnes.s purpose, we also classify trades following the Chakrabarty et al.
("CLNV", 2007) metlnjdology, and estimations are re-done. For space pnrpose, CRSP tickers are used as
rows naines. For "XLU", there is very few trading \-olume, making impossible to obtain précisé estimate
under the Duarte and Young (2009) rnodel. For comparison, we also prorncle estimâtes for three famous
ETFs. "SPY", "DIA" and "QQQ" stands for SPDR S&P 500 ETF (introduced 01/22/1993), SPDR Dow
Jones Industrial Average ETF (01/13/1998) and PowerShares QQQ ETF (03/10/1999), respectively. Like
Select Sector ETFs, we estimate PINs for the three months following their introduction (first 20 trading
days excludetl).
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Table VIII: Continued

Model

Algorithin

Duarte aiid Young (2009)

LR CLNV

XLB 5.60 12.43 0.24 (0.09) 6.74 11.74 0.28 (0.15)
XLE 22.87 39.19 0.33 (0.04) 21.81 37.30 0.31 (0.03)
XLF 20.93 35.74 0.29 (0.02) 20.22 35.59 0.28 (0.04)
XLI 3.14 8.77 0.23 (0.10) 5.87 9.04 0.33 (0.31)

XLK 108.77 291.45 0.24 (0.06) 83.99 295.95 0.18 (0.30)
XLP 24.87 21.66 0.45 (0.02) 23.82 22.61 0.44 (0.02)
XLU N/A N/A N/A N/A N/A N/A N/A N/A
XLV 12.15 10.02 0.46 (0.03) 11.87 9.50 0.46 (0.09)
XLY 5.70 9.76 0.34 (0.05) 5.43 9.76 0.32 (0.16)

SPY 7.09 24.25 0.19 (0.03) 7.09 24.36 0.19 (0.07)
DTA 23.04 198.32 0.09 (0.03) 27.29 198.75 0.11 (0.02)

QQQ 40.57 1108.14 0.03 (0.03) 29.05 1101.94 0.02 (0.02)



Table IX: Control sampie

industry ticker comiiauy name Coiiiitry Host-niarket Level

Cross-section I. US stocks

50 BLS BeiiSouth US
50 CTL Centiiryiink us
50 GTE GTE us
50 L\'LT Levei 3 Communications us
50 NXTL Nextei Communications us
50 S Sprint Nextei us
50 SBC Soiithwestern Beii us
50 USW US West us
50 T AT&T us
50 TLAB Teiiaiis

Cross-section II.

us

, Ci-oss-listed stocks

15 ABX Barrick Gold Canada NASDAQ Ordinary .sliare
15 PKX Posco Soiitii Korea NYSE 3
15 POT Potasii Corporation

of Saskatchewaii
Canada NYSE Ordinary share

25 SKE Sony Group Japan NYSE 2

25 PHG Koninkiyke Philips Netiieriarids NYSE 3
25 TV Grupo Teievi.sa Mexico NYSE 3
30 CCT" Compaiiia Cerveceria.s Ciiiie NYSE 3
30 DEO Diagoo United Kingdom NYSE 2
30 UN Uniierer Netiieriands NYSE 2

45 SAP SAP AG Gerinaiiy NYSE 2

45 STM ST Microeiectronics Netheriands NYSE 3
45 TSM Taiwan Semiconductor Taiwan NYSE 3
50 BT BT Group United Kingdom NYSE 3
50 TiNIX Teimex Mexico NYSE 3
50 YOD Vodafone United Kingdom NASDAQ 2

This table iiitroduœs the coiitrol samph;. It is desigiied hy puoliiig two groups. Tlie first one is a bucket
of the teri largest arid most liqiiid US compaiiies belongiiig to the Teleeoniinuiiicatioiis sector (GICS
code 50). This is the oïdy one industry for which a conesi)ondiiig SPDR Select Secdor ETF lias not
been introduced. To seiect stocks, comi)anies of the SdcP 500 of tiiis industry are ranked according
to the médian daiiy trading %'olunie for tlie periud August 1907 - August 1998. Compaiiies tiiat have
experienced .spin-ofis, stock splits or mergers dviring tiie aiiaiysis period (Septeiniier 1998 - Aprii 1999) are
exciuded. Compaiiies that caiiiiot lie matciied with a TAQ tickin' are excinded too. Tlie second part is a
sampie of 15 cross-iisted stocks (ADRs ievei II aiid III or reguiar stock if Canada is tlie horne-inarkot).
Consistent witii the biicketing procédure for tiie treatmmit group, cross-iisted stoi-ks of tiie coiitroi group
are bucketed by sector. Tiie industries are Materiais (GICS code 15), Consumer Di.scretionary (25),
Consumer Stapies (30), Iiiforiiiation teciinoiugv (45) and Teiecominuiiicatioiis (50). Five inickets of tiiree
stocks eacii are hence created. Pooiing the 25 five stocks iead to oiir coiitroi sampie. Two-digit GICS codes,
tickers and company naines and countries dispiayed first, second tiiird and fourtii coiumii, respectively.
For Anierican Depositary Receipts, we report liost-niarket (stock exchange) and ievei coiunin sixth and
ser ont h, respect ir eiy.
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Table X: Non-paraiiietric tests for the control sample

Variable Algorithm Pre-event Post-eveut Différence Sum of sigued
ranks

Expected number of LR 49.276 40.437 -1.147 152.000

S-informed trades CLNV 48.286 37.591 -3.659 164.000

ag X

Expected number of LR 59.334 48.882 -5.415 172.000

I-iuformed trades CLNV 53.370 50.935 -0.384 146.000

ai X /i;

I/S-Ratio LR 1.166 0.969 -0.030 186.000

(ai X (ag X (ti^.) CLNV 1.040 1.174 0.120 98.000

The sophisticated trading activity on the stock inarkets is decoinposerl in two coniponents: ag x /ig + iïi x
1^1 j. a g (a/) is the probahility of incorporation of pri^■ate information of type sector-specific (idiosyncratic).
/'s (A'j) expected trading intensity of the S-informed (1-inforined) investors. «5 x f.ig reffects the
expected number of trades froni sophisticated investors sjxîcializing in trading the sector-specific risk.
ni x fif reffects the expected number of trades frorn sophisticated im'estors specializing in trading the
idiosyncratic risk. In this table, we report the médian values of a g x /j.g and a[ x i.L[ before and after the
introduction of the State Street Select Sector ETFs in December 1998. In addition, we nm nonparametric
tests in oriler to ass(!ss if médians are significantly differtuit. Our sample is made with 10 stocks of the
Télécommunications sector (GICS=50) and 15 Aimuican Depositary Receipts, level II and III. Regarding
our sample size, we report the exact statistic of the Wilcoxon tests. None resifft is significant at the
conventional 5% level. The cross-section time-series of trades (daily amount of buyer- and seller-initiated
trades) are used as inputs of the density function (3) and ail parameters are estirnated by maximum
likelihood. Trades are classified according to the Lee and Ready (''LR", 1991) algorithm. For robustness
purpose, we also classify trades following the Chakrabarty et al. (''GLXV", 2007) methodology. and tests
are perforrnetl again. The pre-event period is defined as 08/19/1998 - 11/16/1998 and rejrreseTits a 63
trading days (a quarter) ending 21 days before the officiai date of introduction of ttie nine Select Sector
ETFs (12/16/1998). The post-eveiit period is defined as 01/16/1999 - 04/19/1999 and represents 63
trading days (a quarter) beginning 21 days after the officiai date of introduction of the nine Select Sectors
ETFs respect ively.
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Table XI: Noii-parainetric tests for the emerging market stocks

Variable Aig(3ritlmi Pre-event Post-eveiit Différence Sigiied Raiik

Expected number of LR 151.052 158.703 7.651 0.137
S-informed trades CLN\- 148.544 152.942 4.398 0.169
«S X ^^S

Expected number of LR 155.837 146.438 -9.399 0.967
I-informed tratles CLXV 154.725 145.397 -9.328 0.901
a[ X fi[

I/S-Ratio LR 1.122 1.017 -0.105 1.950

X

X

CLNV 1.091 0.989 -0.103 1.928

The sophisticated trading activity on the stock niarkets is decoinpoaed in two coinijonents: as x +
«/ X fif. as (a/) is the probability of incorporation of private information of type sector-specific (idio-
■syncratic). fis (fij) is the ex|)ected trading intensity of the S-informed (I-informed) investors. as x fig
reflects the expected nuinber of trades froin sophisticat(>d investors sixxâalizing in trailing the sector-
specific ri.sk. o/ X fij refiect.s the exi)ected nuinb(n' of trades froni sophisticated investors specializing
in trading the idiosyncratic risk. In tins table. \ve re{)ort the médian \alues of as x fi^ and <*/ x fij
before and after the introduction of conntry-specific ETFs. Unlike the Select Sector ETFs, they are not
introduced simnitaneously but dispersed between 2000 and 2011, and with tlifferent ETF sponsorship.
In alphabetic order: Argentina ("Global X MSCI Argentina ETF, introduced the 03/03/2011, 6 ADRs),
Brazil ("iShares AISCI Brazil Capped ETF", 07/10/2000, 2 ADRs), Chile ("iShares MSCI Chile Capped
ETF", 11/12/2007, 5 ADRs), China ("iShares China Large-cap", 10/03/2004, 8 ADRs), India ("MSCI
India Index ETN", 12/19/2006, 8 ADRs), Mexico ("iShares MSCI Mexico Capped ETF, 12/03/1996, 2
ADRs), Russia ("RSX Market Vector", 04/24/2007, 3 ADRs). South Afric:a ("iShares MSCI South Africa
ETF", 02/03/2003, 3 ADRs), Taiwan ("iShares MSCI Taiwan ETF", 03/26/2008, 7 ADRs). At inception,
AU ETFs provide a conntry exposure above 95% except Argentina (around 50%). Total sample size is
46. Xonpararnetric tests are run in order to assess if médians of the prm and post ETF introduction are
significantly différent. The \\ ilcoxon .signed rank test is well designed for detect shifts in a paired sample
(i.e. before versus after a treatrnent) and it does not reqnire assumi)tions on the underlying distribution
of the variable. The cros.s-section time-series of trades (dailv ainount of Iju^-er- and seller-initiated trades)
are used as inputs of the density function (3) and ail piirameters are estimated b\' maximum likelihood.
Trades are cla.ssified according to the Lee and Ready ("LR", 1991) algorithm. For robustuess pnrpose,
we also classify trades following the Chakrabarty et al. ("CLNV", 2007) methodology, and tests are per-
formed again. The pre-e\ent period is defined as 08/19/1998 - 11/16/1998 and represents a 63 trading
days (a qnarter) ending 21 days before the officiai date of introduction of the nine Select Sector ETFs
(12/16/1998). The post-event period is defined as 01/16/1999 - 04/19/1999 and represents 63 trading
days (a qnarter) beginning 21 days after the officiai date of introduction of the nine S(4ect Sectors ETFs
respectivcly. In this table, none resuit is significaiit at the comentional 5% le\el.
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2.10 Appendix

2.10.1 Appendix I: Density function and I/S-Ratio
Below are the détails of tlie density function in eciuatioii (3):

{TTi = (1 - ns) X (1 - "/)
Al,6 = 0
Al,. = 0(772 = (1 — 0:5) X ai X Ô[
A2,b = 0
A2,s — l^l{TTij = (1 - as) X a/ X (1 - ôi)
A3,6 = M/
A3,. = 0{774 = Q,s X Ss X (1 - «/)
A4,h = 0
A4,s = /-'■S

= O.S X às X ai X Si
A,5,b = 0
Aa.s = A's + M/{TTs = as X 5s X ai X {1 - Si)
A6,b — /^/
At),s = ̂ s

{TTy = as X (1 - 5s) X (1 - aj)
Ay.b = fi-s
At,. = 0{778 = "5 X (1 - 5s) X ai X 5i
A8,fc = Ms'
As,,. ={779 = as X (1 - 5s) X ai X (1 - 5i)
A9,6 = Mi,- + A'/
A9.S = 0

The PIN is constructed as the ratio of infonned-based trading intensity to total trading intensity. To
dérivé the nuuierator, inforined trading intensities froin buv aiid sell .side.s of the niarket are suniined and
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rmiltiplied b\' probabilities of state occurring. Prodiicts are summed o^■e^ ail states of nature:

NUM = (1 — as) X (1 — «/) X 0
+ (1 — Os) X O/ X S[ X /i,
+ (1 - Os) X Q; X (1 - Ôj) X l^l.,
+«s X 5s X (1 - O/) X /.ig
+os X 5s X 5/ X O/ X (/is +
+os X 5s X O/ X (1 - 5/) X (/jg + Hi)
+os X (1 - 5s) X (1 - O/) X (ng)
+OS X (1 - 5s) X ai X Si X (/ty + /.ij)
+as X (1 - 5s) X O; X (1 - 5/) x (/t^. + /t/)

This expression reduces to;
NU M = Os X i^ig + ai X Hi

For the denorninator, we extract the total trading intensity from buy and sell sides of the inarket, weighted
by probabilities of state occurring:

DEN = (1 - Os) X (1 - ai) x (e + e)
+(1 - os) x o/ x 5/ x (e + e + fi,)
+(1 - Os) x o/ x (1 - 5/) x (e +/zj + e)
+os x 5s X (1 - ai) x (e + £ + /x^)
+os X 5s X Si X ai X (e + £ + Hg + ̂ x,)
+os X 5s X O/ X (1 — Si ) x + f-ti -1- s + /Xs)
+Os X (1 — 5s) x (1 — O/) X (£ -|- flg "b s)
+os X (1 — S s) X ai X Si x (e + + e + fti)
+XVS X (1 — 5s) X O/ X (1 — 5/) X (£ + /Xs + Hi H- s)

This exprtission reduces to:
DEN = 2 X c + Os X ([Xy + O/ X /.ij

And our two-coinponeut PIN follows.

2.10.2 Appendix II: Likelihood function, standard errors and delta method
More than tliree tliousirnds chiil)- BIT or SIT are recorded on sonie d<i\',s are the iiiost liquid stocks.
VVheii an oixtiniization algoritlmi is running, large buys or sells embcîdded in the Poisson distribution
rnight generate nunierical values that exceexl the range of real values that the software can hanxlle. This
phenomenon is called the floatiiig point exception (FPE hereafter). Lin and Kee (2011) re-forniulate the
likelihood function in order to this trouble. Their correction is applied to the original PIN inodel of Easley
et al. (I99G). We extend their rnethodology to refonnulate our likelihood function. By replacing ^ by
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exp(y X log(xj,) — logfy!)) in each expression, équation (3) can be factored:

f{e\B,s) =
exp(—2 X e - log(i?l x 5!)) x

/ (1 - «s) X (1 - a/) \
x exp {B X log(£) + 5* x log(e))
+ (1 — ctg) X aj X ôj
X exp {-nj + B X log(e) + S x logfe +
+(1 — as) X a/ X (1 — 5i)
X exp (-p^, + B X log(£ + fj.j) + S X log(£))
+a.s X 5s X (1 — ai)
X exp(-p5. + B X log(£) + S X log(£ + P5))
+as X 5s X ai X ô[
X exp(-p3. - fij + B X log(£) + 5 X Iog(£ + p^. + pj))
+as X 5s X ai X [1 — 5i)
X exp(-pg ~ hj + B X log(£ + p^) + S' X log(£ + p^))
+as X (1 - 5s) X (1 - ai)
X exp {-fis + B X log(£ + fis) + S X log(e))
+«6' X (1 - 5s) X ai X 5i
X expi-fig - fii + B X log(£ + fis) + S X log(£ + fi[))
+«s X (1 — 5s) X ai X (1 — 5i)

\ X exp(-fig - fj,i + B X logfî + fis + fii) + S X log(£)) /

We define Ç = e + p^ + fij for convenience. Then équation (1) can be rewritten as:

fmB,s) =
exp(—2 X £ + (B + 5) X log(Ç) — log(S! x 5!)) x

(1)

/ (1 - as) X (1 - ai)
xexp l^-{B + S) X log(f)^
+ (1 — as) X ai X 51
X exp (^-fj.; - X log(f) - Sx log(
+ (1 — as) X ai X (1 — ôi)
X exp ^-p; -B X log( -Sx log(f))
+as X <55 X (1 ̂  Q7)
X exp (^-fig - Bx log(f ) - Sx log(j^))
+as X 5s X ai X 5i
X exp ^-ps - fij- Bx log(f) - Sx log(
+0;^' X 6s X oij X (1 — f)/)
X exp (^-fig - fii-Bx log(^) - Sx log(j:j^

X (1 — 6s) X (1 — OLi)
X exp {-fig - Bx log(j^) - Sx log(f))
+as X (1 — i5,5) x ai x 5i i
X exp (^-fig - fi,- B X log( :-j^) -Sx iog(
+0^5 X (1— Xo;/ X (1—<5/1

^ X exp (^-fXs - fii-Bx log( -Sx log(|))

e+M.s+M/

/
Lin and Ke (2011) show that the logarithni of a linear cornbination of exponential ternis can be defined
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in a more convenient way:

log^(7ri X exp(Xi)j = log Tfi x exp(A'i) x exp(-Z) x exp(Z)^
= log -ïïi X exptATi - Z) X exp(Z)^
= Z + log TTi X exp(X, - Z) j

Lin and Ke (2011) choose Z = max(Xi). We apply this change and obtain finally:

\og{f{e\B, S)) = -2x£ + {B + S)x log($) +
/ (1 - "s) X (1 - «/) X exp(ei - e^ax)

+ (1 - as) X ai X ôr X exp(e2 - Cmax)
+ (1 - «s) X «/ X (1 - <J/) X exp(e3 - e^ax)
+as X 6s X (1 - ai) X exp(e4 - e^ax)

+ log +«■,■ X 5s X ai X ôi X exp(e5 - e^ax)
+as X ôs X a/ X (1 - 5i} X exp(e6 - Cmax}
+as X (1 - 5s) X (1 - ai) x exp(e7 - e,nax)
+as X (1 - 5s) X ai x5i x exp(es - Cmax)

V +"S X (1 - 55) X a; X (1 - 5/) X exp(e9 - e„

(2)

0 y

with

ei = -{B + S") X log ( 1 + ^is + fl'i

62 = -r] - B X log ( 1 + ^ ) - 5 X log [ 1 H ^
Mi' + f'i

e
Ms

s = -?/ - B X log 1 +
M/

- 5 X log 1 +

£•4 = -f.1- B X log ( 1 + - 5 X log ( 1 +
+ l-l'S

£5 = -M - r; - j5 X log 1 + Mi + M/

£6 = -M - - -S X log 1 + Mi

£ + Hi
— 5 X log ( 1 + M/

£7 = -M - -6 X log 1 + M/

£ + Mi
- S' X log 1 +

e + Us

Mi + M/

£•8 = Ij - B X log 1^1 +
£9 = -p - r/ - 5 X log ( 1 +

M/

e + ̂ is

Ms + Mr

- 5 X log 1 + Mi

+ M/

and

e'max = niax(ei, £'2, £3, £4, £5, £6, £7, £'8: eg)-

The constant terni log(S! x 51) can be dropfied. /x|., } with k = b, .s take values in [0;oo). The
logarithms return positive values and the e/s are therefore négative. Assuniing «5 = 0, (no distinction of
the type of private in format ion, no symmetric order-flow shock), our model collapses to tln^ Easley et al.
(1996) model, and ecpiatiori (2) collapses to the likelihood expression of Lin and Ke (2011, pp. 628-629).
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N T

The arnount that rnust be minimized is;

^ = -EE
n=l i=i

with

An optimum is reached at

with

r' =

■  ̂I,n M/,n

C(9*) = m.in{£.}

as 5s : «/,i El Ms,! «/..Y ea' As,A' A/.a-

We use the MATLAB function FMINCON that takes the Nelder-Mead simplex direct search as algorithm.
For {«5, 5,5, a/^, (5^, } we set the lower bound at 0.05, the upper bound at 0.95. For the trading intensity
measures {g, /ig, we set the lower bound at 0.1, the njjper bound at 10,000. The maximum nuniber of
itérations is 100,000 while tolérance is set at le-15. The parallel processing toolbox of MATLAB is used
to enhance calculation speed. The psendo variance-covariance matrix is obtained by inverting the Hessian
matrix, where the Hessian (H) is returried as follows:

with:

Mi =

5 Q[ Q'2 Q'n
Qi A/i zf ■ ■ Zki

Q2 ^2,1 a/2

Qn Zn,i Zn,n-i A/a-

5 =

of Of
dfc c'a 5 95 5
of of

dSsOas 05%

Of
Ofi
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Of

deidai^i
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Zi,j —

Q,=

df df
dajSas dai idôc;
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Tlien standards errors of IPIN, SPIN and I/S-Ratio are obtained with the delta niethod. A clear pré
sentation of the delta method is given by Cooch and White (2014, Appendix B). Consider &* as the
large-sample rnaxiniuni likelihood estimate of the k-diinensional paraiiieter 0 with ai^proxiniate variance-
covariance matrix where fc = 2 -|- 5 x in our case. If 9 = g{0) is a scalar function, then the MLE
of 00 is given by 0* = g{9*) and 0* ^ .V(0o, A) where A = F x x F' and F = [|^, e^■alu-
ated at 9*. In our ca.se, F = Defining F as the total trading inten.sity,
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^ = 2 X c + q:5 X Ms + ^ A'/> the derivatives are:

M/rsp/N = [^ X (1 - SFL\r):0: x SPIN-Q- -- x SPIN; — x (1 - SPIN)-.-^ x 5P/.V]
■(/' V' ' 'P p p

T/P/iv = [-^ X IPIN-,0-, ̂  X (1 - /P/An:0; x 7F/A": x IPIN; ̂  x (1 - /P/A^]
V  P 'ip "tp 4'

^  f.p ai X f.i! ai ,
I/S—Ratio [^•2 ., .. ' .. .

"è X ^' a■s "s X ^Is

2.10.3 Appendix III: Initial values

s X as X fiy '

We rely ou the approach of Yan aud Zhaiig (2012). First, we set e = 7 x E{B). Then, we dérivé the
expectations of of buyer-iiiitiated trades (B) and seller-initiated trades (S). Calculation steps are described
in Yan and Zhang (2012, Appendix A). The three équations are:

£ = ') X E(B)
E(B) =£ + as X f.is X (1 - 5s) + ai x /j., x (1 - ô[)
E{S) = e + as x 5s x + ai x 5[ x p;

Expectation.s are replaced by their ernpirical counterpart, the matrix of the systein is:

1
r0

7
1 °sX(l-5^.)

°s X

0

ar X

a"} X 6)

 £« 1 " B '

Ps = B

. pf . S

The solutions are:

gO = 7O X F
1

Pi

o.ijfi xo, X (Sx(7« + 5°-2x7°xJ?)-5x(1-5?))ag X (dj — às)

^  ̂x{Bx(^'> + 5°-2x^°xôl)-Sx{l-5l))a°iX{ôl-5',)

We generate 500 set of {a°, a°, (î^., y'^}, from which we deri-ve These values are plugged
into the likelihood fuiiction as initial guess. To reduce the search area, we set 7'^' = 0.9. are
randomly drawn for an uniform distribution between 0 and 0.5, while (5®}are randomly drawn frum an
uidform distribution between 0 and 1. Sornetirnes, solving équations leads to négative intensit}- parameters,
in which cases, these ^■alues are re-set to one (i.e. the lower bound). To assess the impact of initial values
over final estimâtes, the 500 output set {a^, d"), 7*} are sorted by objective functions and parame
ters are sorted based on objective function ranks. Figure A.II shows how parameters coin-erge to their
final values as we move from the oOOth "worst" IV set (returning the lowest objective function) to the Ith
"best'' IV set (returning the highest objective function). One can observe that a convergence starts around
the 400th set and stability stands imtil the 500th one. To estimate the PIN model of Easley et al. (1996),
we also follow Yan and Zhang by setting c° = y and deri^•ing p" = [È x (1 ̂  y*^)] / [a® x (1 — (5°)].
We generate 125 combinations of {a'^',5",7'^} with the values {0.1; 0.3; 0.5; 0.7: 0.9}. Ail combinations
return positive {£",p'^} and are used as initial guesses. Since the benchmark PIN model requires less
estimâtes than our extension, fewer initial guesses are necessary to reach the global maximum. Cou-
ceruing the exten.sion of Duarte and Young (2009), we find fiP = [B - S)/ [a''
A" =[Bx {5° + 7" - 2 x yO x 5") - S x (1 - 5")] / [f" x (2 x J" - 1)], given e" = y" x B.

(1 - 2 x d'"j] aud

65



2.10.4 Appendix IV: Simulations

2.10.4.1 Motivations

Popular tick-by-tick data provider like ISSM (1983-1992) or TAQ (1993-2014) do not allow the researcher
to ideiitify the party whose décision causes the trade to occiir. Regarding this lack of information, se^'eral
trade classification algorithms (TCAs) ha\'e been proposed. The Lee-Ready (LR hereafter) by Lee and
Ready (1991) is the most popular. Ellis et al. (2000) and Chakravarty et al. (2007) liave proposed their
own revision of LR, in order to iinprove the overall accnracy. Since TCAs are imperfect proxies for the
true initiation, some transactions are actually misclassified. Lee and Radhakrisna (2000) ha^'e analyzed a
\'ery spécifie dataset that provides the "true" initiation for NYSE stocks, and find a misclassification rate
of 7% when using the LR algorithm. Using the same dataset, this figure soars to 15% in Odders-White
(2000) and Funicane (2000). Ellis et al. (2000) find an overall disagreement rate of 18.95% on a sample
of NASDAQ stocks.-^'

Boehmer et al. (2007) analyze the impact of trade misclassification on the probability of informed
trading. They find that the PIN based on TCA underestimates the "true" PIN by 18%, irutting in
evidence that the misclassification rate induces bias in structural parameters. Since our econometric
model rely on trade classification, it is necessary to control for the efl'ect of misclassification on estimâtes,
even if the PIN metric itself is not used to tackle our research question. To convince that our results are
robust to misclassification, simulations are performed.

2.10.4.2 Approach

Since Oi,- x and a/ x are non-liiiear coinbination of two parameters, it is important to analyze
to what extent these measures is impacterl by the misclassification rate. To do so, structural parameters
are generated, BITs and SITs time sériés are simulated and finally, simulated values are compared to
estiniated values. In a the first set of simulations, we ignore the possiblitity of misclassification while a
net misclassification rate of 5% is voluntary introduced in the second set of simulations.

Our .simulation exercise involves four virtual stocks. For eadi stock i = {1,2,3,4}, we randomly assign
a c'alue to Si from a spécifie interval. The intervais are: /; = [Ly -I- 1; Lq + 100] where ki = {0,100, 200, 300}.
Hcuice, the four stocks experience différent trading intensities, from the less to the most lic|uid. {/cl,-, ;(t}}
values are generated Iry drawing numbers from tliese iiitervals and multiplying these values by 0.25 because
informed trades usually account for a small portion of ail trades in a given day. The probabilities are
generated using the unifcrrm distributicjn. We obtain a vector set

d ,-J.l D.l J4 ,J.l d.i D.4 j,4 J,4 j,4l

where j = (1, ..., 100} indexes the simulation nuinber. The total nurnber of parameters to be eatimated is
22. A binary A^ariable is tlien generated from each probability parameter with the binomial distribution.
This forms a chain. For instaiu:e , |cvlj, (i},.,cï}'\(5j''| returns 0-1-0-1-0. It gives the path chosen by the
nature among the: 9 possibilities given by the trading procerss plotted Figure III. The; numlier of BITs
and SITs are generated by a Poisson distribution, where the intensity is definc;d at the end of the branch.
For each vector j, the; procédure is repeat(;el 63 times (representing one quarter of trading days).

100 time .sériés of {BIT: SIT} are generated uneler this proc.edure, with 63 observations per path.
Then we use the time sériés of {BIT; SIT} as inputs and estirnate the structui-al parameters by maximum
likelihood. This gives a first set of simulated - estiniated parameters. We also generate a second set where
5% of BITs and SITs are voluntarily missclassifieel. It works as follows: For each trading da}', 10% of the
daily arnount of BITs are pie;ked up and transfered it to the SITs amouiit. This haïqiens with a probability
of 50%. Otherwise, the altération goes in the opposite evaj'. This app echoes empirical finelings, and thus
gie^e an idea of the bias magnitude with real data.

.Mi.sclassifieiit.ioii rate diftais iu ross stock c.Kchaugcs. Sec .-^itke'ii ninl Fritio (1990) for the; Aiistralii'ii Stock E.xeeliaiige;
aiiti Thdiwscii (2001) for the PYankfurt Stmik Expliauj^p.
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2.10.4.3 Results

Table A.I reports several statistics on ci^. x (siinulated) and x (estirnated) as well as n]'' x pj''
and âj'' x/ij''. Additional statistics on tlie cross-correlation niatrix for BITs, SITs and order-flow inibalance
(OFIs) are providod. Figure A.I panel A (B) .shows x and aj'' x on thc x-axis versus x
and âj'' x on the y-axis, respectively, witliont (with) misclassification. Cross-sectional distributions
of the variables are also exhibited.

Mean, médian, and standard de\-iation of siinulated and estimated values are fairlj' close except for the
unliquid stock. One can easily observe that the RMSEs, in ijercentage of the mean, are the largest for stock
1. Moreover, Wilcoxon ranksuni tests confirm that the médians deri\-ed from simulation are significantly
différent from the médians derived from estimations. For a/ x z-stat = 2.134 (significant at 5%) under
the first set of .simulation and z-stat = 2.603 (.significant at 1%) in the second set of simulations. Tliis
resnlt echoes Boehnier et al. (2007) wlio document that the bias induced by misclassification rate is more
pronounced for stocks with little trading actû'ity. In order tu take this finding into acconnt, a minimum
of 100 BITs and 100 SITs is required in the empiric;al part. Doiug so, unreliable estimâtes are avoided.

A positi\'e, significant cross-correlation emerges from the siinulated order-flow. Without misclassifica
tion, corrélation coefficients lie between 20% and 41%. When some trades are misclassified, the corrélation
level is between 18% and 37%. We find that for ail cross-correlation measures between stock i and stock
j, at least 25 coefficients ont of 100 are significant at 5%, with or without trade misclassification. In some
cases, more than 50 coefficients, ont of 100, are significant. To the best of onr knowkxlge, no inodel was
able to reproduce this pattern in the order-flow.

2.10.5 Appendix V: Additional exhibits
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Figure A.I Panel A: Theoretical versus estitnated parameters - Without misclassification -
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The grai^h j)resents the results of the simulation exercise iierformed on four %ûrtual stocks. Intensity
paramet(!rs , /7/'^| where i = 1, ..., 4 (inunher of stocks) and j = 1 100 (numl)er of simulations)
are uniformly at random in [100 x {i - 1 ); 100 x i] for stock i. |(4, ,5^ | are randomly drawn from
a vector that contains values from 0.01 to 0.99. From a set of \'alues, a 63-day time sériés of buyer-initiated
trades (BITs) and .seller-initiated trades (SITs) is generated using the trading proce.ss depicted Figure III.
For eacli day, BITs and SITs are derived as follows: Arnong the nine branches of the trading proc(!ss, one
is selected following the sequenc» of probabilities retairned by binomial draws. Then a Poisson distribution
generates the daily amount of BITs and SITs. Accordingly, the as.sociated intensity is obser\ed at the
branch end. Binomial and Poisson random génération proœss is repeated 63 times to obtain a time sériés.
Finally, the 100 time .sériés of BITs and SITs .serve as inputs in the objective function, équation (3),
and structural parameters are estimated by maximum likelihood (ML). See Ap])endix II for ML détails.
Panel A shows data not contaminated by the misclassification rate while in panel B, 0% of SITs (BITs)
are erroneously classified as BITs (SITs) with a probabilit}- of 50% (50%), for eac4i stock-day observation.
Introdu(4ng these h^atures ainis at reflecting ernpirical facts of stock market rnicrostructui fc On the scatter
plots, siniulat(M (estimated) \'alues are on the x-axis (v-a.xis).
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Figure A.I Panel B: Theoretical versus estimated parameters - With misclassification
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Figure A.II: Initial guesses and convergence
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This figure shows how parameters converge to their final values as we move froni t.he 500th "worst" initial
\-alue (IV) set (returning tlie lowest objective function) to the Ith "best'' IV set (returning the highest
objecti\-e function). It provide evidence on the sensitivity of niaxirnurn likelihood to initial values. For
each stock-quarter observation, 500 initial values are plugged into the objective function before MATLAB
"fniinsearch'' starts running. Once estimâtes are doue, the objecti^•e function (/) and the parameter sets
{as,ai, c, f.iy, i.i[} are saved into a inatrix, one parameter per column, one IV set per line. Then, rows
are sorted according to tlu; first dimension, i.e. the objective function. Here is an example of parameter
convergence for the company "Du Pont de Nemours", for the period 01/16/1999 - 04/19/1999. Similar
plots for the other stocks are ar-ailable upon request.
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Table A.I: Root mean square errors (RMSEs)

Without misclassification With misclassification

stock 1 stock 2 stock 3 stock 4 stock 1 stock 2 stock 3 stock 4

a. Simulated

asX/'.ç Mean 7.029 18.682 31.375 44.547 7.029 18.682 31.375 44.547

Médian 5.113 17.389 29.430 41.796 5.113 17.389 29.430 41.796

Std. dev. 6.011 11.783 18.852 26.423 6.011 11.783 18.852 26.423

ajX/Uj Mean 5.941 18.752 29.100 43.772 5.941 18.465 29.795 42.538

Médian 4.446 18.930 28.524 45.918 4.446 17.737 29.992 41.396

Std. dev. 5.199 11.328 18.423 26.505 5.199 12.007 18.192 25.555

b. Estimated

«5 X fig Mean 6.525 18.434 30.777 45.519 6.943 20.833 33.149 49.863

Médian 4.417 17.424 30.465 46.859 5.251 19.361 32.092 45.648

Std. dev. 6.207 11.688 19.326 26.807 5.213 10.059 13.997 23.443

Médian std. err. 2.029 6.154 9.543 12.782 1.776 5.338 7.657 10.008

RMSE 3.208 4.715 10.202 10.717 4.310 9.424 14.301 19.177

a/XyUj Mean 7.039 19.942 30.481 44.578 7.663 20.536 36.420 47.668

Médian 5.765 20.178 31.294 47.644 7.116 18.134 34.334 44.191

Std. dev. 4.858 10.914 18.274 26.801 5.241 10.713 16.114 22.416

Médian std. err. 3.712 8.055 10.537 16.350 3.672 5.746 8.176 9.386

RMSE 3.384 4.989 9.759 11.682 5.235 10.152 15.644 20.744

Above are reported sonie statistics on the simulations. {o;y,5y} and {a}, 5}} for i = 1,2,3,4 are randomly
drawn froni a unifonn di.stribution. e; and {ftgi/i/} are also drawn frum a uniform distribution, over the interval
[ki + l:fc; + 100] where fc j = {0,100,200,300}. This reflects différence in liquidity level across stocks. Binary
variables are generated given {og, (5{;, a}''', } where j = 1, ..., 100 stands for the number of simulations. The
chain forrned by the binary variable is used to identify the path chosen b\' the nature among the nine possibilities.
{BITs, SITs} are randomly generated from a Poisson distribution whose expected intensity is the combination
(s', /t/,g, n'j} observed for the state of nature. The is repeated 63 times per simulation. Then structural parameters
are estimated by maximum likelihood, initial values being (j, i}, y,0.8 X R,0.1 X 5,0.1 X B}, where B is the
BIT mean. The left side set of results are obtained under the assumption of no misclassification while the right
side set is obtained under the assumption that 5% of BITs and SITs are rnisclassified. This second scénario
aims at reflecting empirical evidence in data. "Std. dev." stands for standard déviation while "Médian std. err."
gives the médian of parameter standard errors derived with the delta method. The différences between simulated
and estimated variable distributions are tested with the Wilcoxon ranksum test. * (**) indicates a significant
différence at 5% (1%). "RMSE" stands for Root Mean Square Errors and is defined as the différence of squared
errors as Ei = {yi,i — Vi)^ — (y-2.i — yi)^ and t-stat = \J(2/n) X where rn^ and CT^ are the mean and
the standard déviation of the e sériés, respectively and n = 100. * means that results are significant at 5% level.
The last part of the table indicates médian cross-correlation rnatrix for BlTs and SlTs. Results are summarized
with the following notation. At least 25 coefficients, ont of 100, are statistically significant at 5%. At least
50% are significant. at least 75% are significant.
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Table A.I: Continuée!

Without niisclassificatioïi
stock 1 stock 2 stock 3 stock 4

With misclassification
stock 1 stock 2 stock 3 stock 4

c. Wilcoxon rankswn tests

asxi-is -1-005 -0.155 -0.334 -0.226
-2.134* -0..590 -0.527 -0.263

-0.417 -1.589 -1.005 -1.497

-2.603** -1.372 -2.525* -1.367

d. Médian cross-currelation
BlTs

SITs

0.235"

0.204"

0.232"

0.252''
O.SOS*"
0.325''

0.313'"
0.342''

0.387''
0.378'"

0.386''

0.408"

0.182"

0.219"

0.204"

0.238"

0.226"
0.265''

0.283''
0.272*"

0.310*"
0.314'"

0316"

0.366''
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Informed Trading across Strikes

We solve a Bayesian Icarning rnoclel applied to a financial market with a margin system.

In our setting, uninformed investors, informed traders and market-makers negotiate a

single asset throngh an equity or an option niarket. After deriving the Nash eqiiilibrium,

onr jrarameters are calibrated regarding Régulation T and CBOE margin rates. We stndy

the relative allocation of informed trading across markcts and moneyness. We find that

tlie asymmetry in rnargins between long and short option {rosition com^eys into différence

in option informed trading (OIT) probability. In our benchmark case, OIT reaches 14%
wlien signais are low and 23% when signal are high. In addition, OIT exceeds 50% for

some information set / moneyness combinations.'

Keywords: Option market, informed trading, margin requirement

JEL Classihcation; G14, 070

'  I aiii gratiriill to iiiy advisors Pascal Frain;ois and Nicolas Papagcan'giou lin- tluâr continuons guidams! througli iny Pli.D.
vdfirs. I also t.liaiik Picrrn C'iiaigiieau ft^r iiispiring disciist^ions ou tluî iiiodcl dosigii. In addition, I thunk Aiitoino Ntily
front Pavilion Advisory Group and Toinniy Thoiiiassin front Caisstî Dtîbjardins for providiitg liolpful rcniarkb on tlio
ntargiit system. Ail errors are mine.



3.1 Introduction

Insiders miist balance expected returns with the cost of beiiig detected by firiancial market

auth(3rities. Tins trade-off is likely to vary across the set of financial instrinnents available.

For instance, the option looks to be a very attractive financial product for a wealth-

constrained investor. He can take advantage of the leverage provided by the option while

the probability of being detected is not larger than the one on the equity rnarket. A brief

examination of SEC litigations files shows that a significant share of prohibited insider

trades actually takes place on the option market. 63 litigation cases occur between 1996

and 2012 for illégal trading of options.^ The activity of insiders and to a larger extent, of

sophisticated traders, makes that some piece of information are incorporated in the oi)tions

markets before flowing into the stock market. As a resuit, option markets contribute to

the price disco\-ery process (Chakravarty et al., 2004; Anan and Chakravarty, 2007) and

option volume lias a prédictive aliility for future stock returns (Easley et al., 1998; Pan

and Poteshman, 2006; Roll et al., 2010).

Yet, little is known on where informed investors are the most likely to trade across

strikes. As Easley et al. (1998) mentioned: "... within option sériés the question of

pooling verstis separating egidlibria will arise because informed traders may prefer to trade

spécifie types of contracts. " The question of which option contract is the most likely to be

selected by an informed investor deserves a deep investigation and this paper is a theoretical

contribution on tins research question. We examine how sophisticated investors reallocate

trades following a modification of the strike price. We develop a market microstructure

model in tlie spirit of Glosten and Milgrom (1985), extended to mnltimarket trading, like

in Easley et al. (1998), John et al. (2003) and Huh et al. (2015).

There is one single asset but ail investors are offered the possibility to trade a put on

the stock or the stock itself. There is an exogenous amount of non-informed investors,

also c.alled liquidity traders, and an amount of informed traders whose trading activity

Tlip trials usually involv(! spvcral (Icfcndaiits. which arc S('nt<'iic<hl to pccuiiiary poiialtics. Intiq-nct, liiik:

https; / /www.scc.gov/iicws/prcssr'dcasi's
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across markets is endogenous. Investors have access to a niargiii system. Hence, wealth-

constiained investors, inforined or iiot, can participate. Uiider this framework, which

takes root in John et al. (2003), inforined traders seek to maximize expected returns.

Traders arrive in a sequential way and trade against marker-makers, who use the order-

fiow to update bid and ask prices. A Nasli equilibriurn is characterized by a probability

of option informed trading (OIT). We assess how this measure varies with moneyness,

relative liquidity and total informed trading.

In the benchmark case, OIT reaches 14% of total informed trading when signais are

low and 23% negotiate the option when signais are high. OIT emerges becaiise the oi>

tion provides a strong leverage effect, and the large bid/ask spread that characterizes the

stock market makes the option market profitable for a fraction of informed investors. In

addition, we find that when the option/stock liquidity ratio is high and total informed

trading is low, OIT exceeds 50%i. Then, we connect OIT to moneyness. Four stock values

("very low", "low", "high" and "very high") are the possible outcomes in our model. This

spécifie market structure allows to giaierate three areas for the strike, leading to three

siiecihc moneyness types for the option contract: Out-the-rnoney (OTM), near-the-money

(NTM) or in-the-money option (IThl). By adding strike preference to market preference,

we provide a broad picture on the patteni of informed trading in the option market. When

the private information reveals bad news for the stock, OTM put returns the highest OIT,

because the leverage is the highest for these options. When signais are high, OIT is the

largest for ITM put.'^

Our findings give some echoes to empirical findings provided by the literature. Within

our model, OIT rnoves between 5% and 30% according to pararneter values. It means

that private information iiuxirporates mainly through the stock maiket, and to a lesser

3 In onr iinxUîl, tlnîn; is ui> ran^^T of ojttion t:oiitnu:ts avaihihlo to investors. Thv. niultiniarket proptirty is rcficicti'd through
onc stock and onc a put. John et al. (2003) also use a put whîle Capelle-Blaucard (2005) aud Huh (;t. al. (2015) use a
call option. lu our framework. roplacint^ the put hy the chII tlo(;s iiot modifv the key fiiidiii';, hecausi' the initial margin
requirenuuits are (Hpiivalent to huy position on call or put and are equivaltMit for sell position on call or put. The only
onc diflerence comtes froni the payoti' functiou: max{/\.' — -S'; 0} for the put and rnax{.S' — KjC} ft)r thiî call. He.iuuu
infoniKid traders wouUI initiatt! a sln)rt. (long) position on the call ratluu than a long (sln^rt ) position (.m the put when
their privatiî information indicates bad (good) news. Our (X)uclusions on put trading when signais are low (high) lead
to siinilar eonclusions on eall trading when signais are high (low).
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extent, through the option market. This rankiiig in infonned trading shares should also be

reflected in the participation rate to the price discovery process. Actually, Chakravarty et

al. (2004) and Rourke (2013) find a niinor contribution of the option inarket to the price

discovery process: 17% on average in Chakravarty et al. (2004) and 14% on average in

Rourke (2013).

Lakonishok et al. (2006) show that written option positions account for a larger part

of the trading volume than purchased positions. We obtain a sornewhat similar resuit

within our model: The equilibrimn OIT when infonned traders take a short position on

the put is ahvays grcater than the one derived with a long position. We are able to provide

an explanation to this phenomenon: Asymmetry between long put and short put inargin

requirernents is responsible for this différence in OIT magnitude. Traders can achieve

larger returns by writing a put when signais are high than purchasing a put when signais

are low.

Moreover, our aiialysis sheds light on the 0/S volume, a metric developed by Roll et

al. (2010) and subsequently analyzed in Johnson and So (2012) and Ge et al. (2016).

According to Roll et al. (2010), 0/S increases prior to earning announcements because

informed traders arc more active. Howe\'er, we show that OIT is negatively related to

total informed trading. HeiK;e, a change in this variable alone would not be able to induce

a higher O/S ratio. Only an improvenient in the relative option/stoc:k liquidity favors OIT

and offsets the first effect.

Section 2 gives a literature review on the incorporation of private information in a

multimarket setting. Section 3 introduces the market structure and bid and ask values.

Section 4 présents the Nash equilibria that emerge without and with the presence of a

rnargin system. Section 5 discusses the equilibrimn. Section 6 concludes.
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3.2 Option markets and the incorporation of private information

Is private information incorporated in the option market prior to the stock rnarket? Tins

question lias been addressed in différent ways. Empirical studies can be classified in two

différent streams of literature. The fîrst stream assesses whether or not options contain

useful information for stock return predictability. Easley et al. (1998) and Pan and

Poteshman (2006) iirovides evidence in favor of a positive answer: Option trading volume

seems to predict stock returns. More recently, Hu (2014) introduces a new methodology

that décomposés the order flow in the stock market into a component induced by option

transaction and a component unrelated to option trading. The imbalance induced by

option trading signifiimntly predicts stock returns.

The second stream of literature focuses directly on price discoveiy measures and the

conclusions cast doulit on the idea that the option market plays a key rôle for the incorpo

ration of information. Stephan and Whaley (1990) find that the stock market incorporâtes

information first, with a 15-niinutes lead over the option market. Chakravarty et al. (2004)

develoj) an extension of Hasbrouck's (1995) liounds in order to assess the contribution of

the option market to the price discovery process. They find an average of 17%, providing

strong support for stock market leadership. Choy and Whi (2012) daim that there is no

incorporation of private information in option markets, the trading volume being purely

driven by disagreement. Muravyev et al. (2013) study put-call parity violation and ana-

lyze where the adjustment takes place. They find that this is the option market quote that

adjusts to eliminate the disagreement and (xindude that no significant discovery process

occurs in the stock market. Overall, these studies support this idea that the option market

lias no importance for the price discovery process. Que notable exception to this trend is

the paper of Hen et al. (2011). Using reactions to CNBC's Mad Money recornmendations

as laboratory, they tfaiin that the stodc market is less efhcient than the option market.

Despite inconclusive answers on the inforniativeness of the option market on every

day basis, several studies support the idea that option markets contain alarming signs of
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informed activity prior to spécifie corporate events. Cao et al. (2005) examine call vol

ume prier to takeovers and find that the targets experiencing the largest call imbalance

during the pre-announcement period also experience the highest announcement-day re-

turns. Goyenko et al. (2014) find that option bid/ask spread increases prior to earning

announcements, after controlling for varions factors. Augustin et al. (2015) also document

on higher option bid/ask spread and almormal positive trading volume prior to IVl&A an

nouncements. Ge et al. (2014) and Augustin et al. (2015) provide similar analysis in the

context of bankruptcy filling announcements and spin-offs announcements, respectively

and find abnormal trading volume prior to the corporate events. Outside of the corporate

everit framework, Poteshman (2006) shows that an unusual option niarket activity lias

been detected ahead of the terrorist attack of September 11, 2001.

Only two papers analyze, theoretically, how the option market provides an interesting

trading venues for investors holding private information. Easley et al. (1998) are the

first to extend the sequential model of Glosten and Milgrom (1985) by allowing multimar-

ket trading.'* A separating equilibrium (no informed trading on the option market) or a

pooling equilibrium (informed trading occurs in lioth markets) cari enierge at equilibrium,

depending on where non-informed trades concentrate. If it occurs in real financial markets

then option volumes should contain useful information to predict stock returns. With a

saniple of intraday data on 50 c;onipanies, the authors bring evidence consistent with this

idea. More recently, Huh et al. (2015) use a sequential trading niodel with the niultimar-

ket option - stock feature and impose hedging activity to the market markers, in addition

to their classic trading activity. They show that the hedging activitj' lias a wider impact

on option spread than stock spread.

John et al. (2003) introduce the idea that expected returns should be used instead

of expected profits to détermine, at equilibrium, the proportion of informed traders that

choose the oiition rather than the underlying security. They show how a niargin systeni

^  AiiotliPr uutai)l(î (•xt(îuîiuu of the Ghtstpii and Miigroni papor is Easley and O'Haia (1987), who study tli(i
infttunice of tin; tiade si/e for tlie pattcni of infoniKul trading. For othcr extension, se(; Avery and Zeirisky (1998) and
Colliard (2014)
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drives up this proportion. In addition, they quantify the efficiency gain that is generated

froin allowing option trading along the stock.'' Our paper is close to John et al. (2003)

regarding the approach: Inforrned traders benefit froin the presence of a rnargin system

and seek to rnaximize expected returns. However, our analysis differs in two aspects. First,

our research question is on how the strike set in the option contract influences the pattern

of inforrned trading in the option niarket. To address this question, four underlying states

of nature are possible instead of two, as set in their paper. Second, there is a major

différence in our paper regarding the rnargin fornrula for selling a put. We apply the

corrrplete formula provided in the CBOE nrargin calculator and do rrot irrrpose the prrt to

be in the rnoriey, urrlike thern.

3.3 Our model

3.3.1 The market strircture

There is orre risk-free asset arrd orre risky asset irr orrr nrcrdel. Each irrvestor carr buy or sell a

sirrgle share of stock or a sirrgle optiorr on this stock. As rrsrral irr seqrrerrtial trading rnodel,

the continuum of stock prices is reduced to a small set of possible outcornes. Herrce, the

true stock price, which is revealed at the end of the trading session, takes forrr values v =

{'I'vljVlA'HtVvh}, dependirrg orr the underlyirrg state of rrature 0 = ^vu}-

"EL", "L", "/J", "Eif" stand for "very low", "low", "high" and "very high". These

possible orrtcornes for the stock price are conrrnon knowledge arrrorrg rnarket participants.

We assitrne that the states are equally likely to occrrr, that is P {9 = 9i} = 1/4 for arry

The prrt corrtract Iras a strike price K G Eollowing Easley et al. (1998)

and Johrr et al. (2003), the expiration date of the optiorr coincldes with the discovery of

the state of nature. Wherr the option expires, the stock price is ry arrd the put is worth

max{A' — L'i; 0}, derroted {K — iy)+ hereafter.
■' F(ir works on optit)ns and (îdicicmiy wîth rational exportation «upiililniuin iiiodtds, S(M' Bark (1993], Biais

and HillitJii (1994), Bntnnaii and C'ao (I99G) and Cho (1999). For un (nnpirical analysis of (îtfiricncy for optioiutd stork
versus non-optioned storks. s<'e Hyland et al. (2003).
Outeoines with equai i>roba!)iliti(;s are aiso in Huh et al. (2Ulâ). Setting tint probabilities as variables lias no int(;resting
implication for th(î Nasli equilil»ria derived later, and fixed valiuts greatly simplify algebra.
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Tliere are two types of iiivestors. The first type are the inforined traders, also called

sophisticated investors throughout this paper. They possess private information or have

skills to extract signais froin public releases that are not reflected into the stock price

yet. They trade to make inoney. There are also investors of type uninformed (also named

liquidity traders). They negotiate securities for hedging purpose, portfolio rebalancing

and other motivations independent of asset payoffs. Liquidity traders represcnt the portion

1 — Q of the investor pool. Their trading activity is exogenously determined and distributed

between tbe stock and option markets {1 — rji^r)- The presence of these liquidity traders

is necessary because informed traders need them to be able to bide their trade. Without

their presence, a no-trade equilibrium ernerges, as depicted in Milgrom and Stokey (1982).

Informed traders acquire signais about the underlying states of nature. The private

information (i.e. the signal) indices bad news {PI = B) or good news {PI = G). However,

they may be wrong regarding the true state of nature. Formally, the private signais they

acquire is correct with a certain probability. We define the following notations:

• P {PI = G \ 9 = 0h} = P {PI = B \ 0 = 0l} =

. P{PI = G\0 = 0vh} = P{PI = B\0 = 0vl} = l^h

The probability of observing the right signal is never guaranteed (/Xj < 1 and < 1).'

However, the probabilities are high when the true state of nature is one of the most

extrernes values {0vl',(^vh}, and lower for the moderate ones {0l',(^h}-'^ The proportion

of informed traders is given (a) but the portion that choose to trade the stock {rji) instead

of the option is determined in the next section.

There are numerous option and stock market-rnakers (Mhl) présent on the hoor. They

are either put option dealers, buying at Bp or selling at Ap, or stock dealers, displaying Bg

or .4,5 to buy or sell. By pro\iding a service of constant presence on the floczr to trade, MMs

cannot spend time and effort to gather information on corporations, unlike a sophisticated
^  \\ itliiii a twd statas of nature riuit<;xt, a siiuilar assuiuption is sut up lU John lU al. (2l)()Jj aiul Huh ut al. (2t)lô).

Our approau.h îk l)Ournl(al by two int(U(;stiiig uas(;s. First, assuriiinrt p<u-fuut kuowl(;d;r<^ woiiUf luad to ~ 1-
Iiiforniud bcuoniu insidurs. Assuiniiig pi = ^ niuaiis tiiat trading on a signal is not butter tlian tracling t)asud on
tlio oiitoiiiB of a coin tosvsing. Tliis liappcns for tiinlors who bclicvtî to liavc supcrior iiifonuatioii whilt; they ar(! not
trnly infonncd
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trader. Uiiless they leave out the fiiiancial inarket, they have no choice but experiencing

losses by trading against more informed traders. By selling at prices higher tlian buying

ones, the MM recoups losses.'^ MMs also use the information on the incoming order (a

buy or a sell order) to update their o\\ti estimate of the future value of the asset. Their

learning process is of Bayesian type.^" This learning process guarantees that, throughout

the trading rounds, prices are gradually adjusted, refiecting the incorporation of private

information.

An important feature of our market structure is on information set sharing. Investors,

whether informed or uninformed do not share their motivations for transactions. However,

equity (option) MMs watch the order-flow on the option (equity) rnarkets, so that they

ail share the sarne information set. This assumption rules out any arbitrage strategy by

investors, as ail MMs have the same expected asset value. Finally, option (stock) MMs do

not hedge their open interest with stoc:k (option) positions.

Now we turn to the event sctiucnice. A trading round is made with three stages, as

given below:

• t = Q

The share a of the investor population acquires some private information, represented

by a single signal with two possible content PI =

• t = 1

A trader is randomly selected by the représentative MM. Consistent with trader group

assignment at time t = 0, this is a liquidity trader with a probal)ility 1 — cv or an

informed trader with a probability o:. Then, the selected liquidity investor (informed

trader) chooses the stock market with a probal)ility (/];) and submit a buy or sell

order to a market-maker and a trade, of a one single sliare, occurs. The informed
<1

10

1  1

Coptîland and Galai (1983) ani first to forniali/a» tlu^ idca that. tho bid-ask si>road cxists su that ponny h)t^s(ls by
tradinti; with infoniHMl t.ra<{<:rs arc oti'sct by pcnnitîs cariicd wiîli invc.sttirs trading' for rtaisous cxogcaious to ttîrniinal
valiiti of assots. Iiifonnation aloiic is sutticiinit to indiu:c sjtrtmd.
Oiily MM htdicfs ant npdatctl, not tlu? invttstors' oikc This guarîintcMts that thv. })r(ibabiUti(^s of Iniy ttr sell ordcrs artt
constant ovcr time.

There is no spécifie assnmption on the cost structure reiated to signal ac.i[uisitions. This is btîyond the scope of this
paper.
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trader initiâtes a position consistent ^\âth its signal.

• t = 2, ...,T

The rational, représentative MM updates her quotations to reflect information re-

vealed by the trade. AU dealers olrserve the transaction and update their quotes, too.

Then, a new trade, on the equity or option rnarket takes place, and so on Tip to a

distant date T.

• t^T + 1

The state of the nature is realized and obs(;r^'ed by ail market ijarticipants. Stock

and option values, v and max{A' — ù;0}, are known. The game, starting at t = 0,

niay repeat.

The acqriisition of private information occurs before the stock exchange opens. Then,

the représentative MM displays a bid and an ask and only one trade occurs. The stock

exchangc! closes immediately after. Our model recpiires several assumptions.^^ These are:

(Al) Liciuidity traders are equally likely to buy or sell in the stock market and eriually

likely to buy or sell in the option market

(A2) r/(/, a, fio ^re conmion knowledge aniong MMs.

(A3) MMs are risk-neutral

(A4) MMs do not exi)erience order-processing cost

(A5) A Bertrand compétition oc.curs betwt;en MMs

(A6) The risk-free rate is set to zéro

(A7) Incorporation of private information occurs every periods

(A8) Only one unit of the stock or the put are traded at a tinie

(A9) Cross-trading is not allowed

S(H' (!<■ .lonn aiul Riiidi (201)9) for an exhaustive pres<'ntation of sequoiitial trading inodels.
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The puri)ose of this paper is not to focus on liquidity trader behaviors. So assumption

Al is enforced to avoid nnnecessary coinplexity in the inodel.^^ A2 is necessary so that the

re])resentative MM set posterior probabilities froin prior ones, and updates bid and ask

values. The assumption A3 means that MMs do not require a cx)nipensation for bearing an

inventory. HeiK;e, this assumption rules ont the possibility of inventory risk.^^ A Bertrand-

type compétition (assumption A5) is necessary so that there is no rent extraction by

MMs.^" No MM bas any market power, even small, over the investors. Combining A2, A3

and A4 results in bid/ask spread generated by informational {•isynirnetry and nothing else.

This is a key property of the sequeutial trading model in the siniit of Copeland and Galai

(1983) and Glosten and Milgrom (1985).

Regarding the secpience of events (trading round starts the rnorning of a day while the

state of nature is revealed at the eritl of that day), assuniing a null risk-free rate (assumption

A6) is fair. A8 means that no multiide trades is allowed. This is a key assumption on

the trading protocol because it implies that an inforrned trader cannot negotiate as much

as possible to t>xtract the largest payofi' possible, she bas to go back to the tratUu' pool

after the transaction.^'' A9 means that two or mort! trades ex(!cuted simultaneously is not

possible. To buy a protective put, the trader would bave to purtthase the stock first, wait

in the option trader queue before being al^le to buy the put. To set up bull/bear put

spread and other type of advanced stratégies, the trader must also be patient.

By pro\-iding four possible values for the underlying stock, we are able to classify (jption

contracts by moneyness. Because there is no prior for the stock value, the moneyness in

our model is based on the probability asso(;iated to each state of nature. Consider a

market participant that lias no private information, like the market maker, but knows the

iioii-iufoiiiicd trading at:tivity looks jjprilions, as it woulcl hp t'onii»lirut(Ml to ohtaiii a stahlp Nasli (Miuili}>-
riuui. Iiidcpd, an pquiliWrium wlicrc MM. informcd trader aiid iion-inforuied om^s do not deviatc froiii tUeir strat(*gy îs
quite hard t.o (U:iiioii.strHt,<>.
This assiuiij>tioii involves that MMs raii accumulate stot'k. tiptions r»r eash to iiifinity if ail investors trade in oik^
dinuTion.

Liid(îr a Bertrand couipetition, prives tin; puslied down until eijnaling th(! marginal e.ost. First. a small ine.reuse of tlni
priee hy one MM woid»l triggtîr investors mov(; toward eonqxditors. S(H'oml, a ])ri(e deenaise eonid l(!ad to a iic;gativ<î
proKtabiiity. At equilihriuni. prives oqiial marginal costs. Note that this outeomc^ <naerge.s if (il collusion is not allowed
betweeu market markers and (ii) each invc^stor has a costless acctîss t(; ail MMs (i.e. no search <Hist).
For an analysis of trade sv/a'. within option trading, s(;e Anand and Chakravarty (2007).
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probability set {1 ^| ■ From lier perspective, every put coiitract whose strike lies in
the interval ]vy[/, Vf] lias 25% of chance to end up in the money {K > uvl at expiration)

and 75% to expire out-the-money [K < U/J. It is reasonable to assume tliat these puts are

viewed to be out-the-money when the trading round is about to start. Likewise, every put

contract whose strike lies in the interval ]vh', vyh] has 25% of chance to end out-the-money

{K < Vyh at expiration) and 75% to expire in-tlie-money {K > vl). It is reasonable to

assume that these puts are viewed to be in-the-nioney before markets open. For strikes

in ]vl;vh[ the probability for the put to be in-the-money or out-the-money is 50%. These

option contracts can be viewed to lie near-the-nioney before a trading round starts. Based

on tliis reasoning, we propose the following définitions:

• Option contracts characterized by Vyl < K < V[^ are defined to be out-the-money

(OTM) options because the probability to expire in-the-money is 25%.

• Option contract characterized by < K < vh are near-the-money (NTM) options

because the probability to expire in-the-money or out-the-money is equal.

• Option contract characterized by vh < K < vyh are in-the-inoney (ITM) options

because the probability to expire out-the-money is 25%.

3.3.2 Informed trader stratégies

Wlien the private information indicates positive news, the trader can siniply buy the stock.

This leads to a payoff defines as the expected value of the stock, given the information

type, minus the price paid to acquire the stock, this is E {v \ PI = G] — /l^. The other

possibility consists in vTiting a put, and the payoff is the bid price minus the expected put

payoff, given that the signal is high. This is Bp — E {{K — 7)+ | FI = G}. When signais

are low, the informed trader can either short-sell tlie stock, which generates the payoff

Es — E {v I PI = 5}, or buying the put, which gives E {{K — v)^ \ PI = E) — Ap.
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3.3.3 Bid and ask on the stock market

The Bertrand-type compétition between MMs pushes expected profits to zéro. By denoting

Bs (n 4) the expected profits following and incoming sell (l)uy) order, the c;ondition is

EIUb I sells] = 0 (1)

E{n.4 I buys} = 0 (2)

Witii the arrivai of a sell order, the profit pocket by MMs will be the stock observed at

time t = T + 1 minus the bid price Bs- At t = 1, the stock value is a random variable v,

so that Ub = V — Es- Given the arrivai of a buy order, we have n.4 = As— v. Substituing

these expressions into (1) and (2), we obtain

Bs = E{v\ sells} (3)

As = E {v \ buys} (4)

These expectations can bc re-written as the srmi of stock values weighted by the probability

of state occurrence, that is

Bs= Y. V, X P{e = 9, \ sells} (5)
j={V L\L-,Hy H}

As = Y '"j ^ ^ I (6)
j={VL;L;H-,VH}

MMs are acting as Bayesian learners, so that the conditional prolrabilities in (5) and (6)

can be derived using Bayes' law. After soine alg(d)ra, we obtain

B, = - Yl' (7)
+ a X iii

As = v+ ' (8)
M + « X ■'//

with

94



V = \{VVL + VL+ Vh + Vvh),
^1 = (1 - a) X and = | x a x - |) x {vvh - Vvl) + (Mi - |) x {vh - i'l)] •
V is the uiiconditional stock value while is the fraction of liquidity traders negotiating

the stock. MMs extract the revenues .4^: — v and v — Bs- The bid/ask spread

A. . 14^^^ (9)
+ Q: X qi

is growing in the stock price variability {i'vh — vvl), which is consistent with facts; MMs

usually widen their spread when the stock volatility increases. As is also positively related

to signal précision and ̂ 2)^ which looks quite intuitive: Wlieii the fractions of inforined

traders pocketing gains go up, dollar losscs expcrienced by MMs go up, too. Hence, As is

set wider when MMs revise upwardly /,q and /tg-

An examination of the first derivatives show that A5 is increasing in the proportion

of sophisticated traders a as well as the share of inforined trading the stock t]j. Calculus

détails and derivative computations are provided in Appendix A.l.

3.3.4 Bid and ask on the option market

Mhl profits on this inarket are also pushed to zéro. The trade direction is also for updating

purxiose. Hence, the way bid and ask on the oiition market are derived is pretty similar

to the methodology to dérivé stock ones, after replacing the stock payoff v by put payoff

{K ~ v)~^. The bid (ask) is defined as the expected value of the ojition, given the arrivai

of a put sale (buy) order

Bp = E{{K - v)+ I sellp} (10)

Ap = E{{K — û)"^ I buyp} (11)
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that is

Bp = max{A' — x P{d = 9j \ sellp} (12)
j={VL-,L-,H;VH}

^(P) = E max{A' — Vj-, 0} x P{0 = 9j \ huyp} (13)
j={VL;L-,H-,VH}

After a few steps of calculations, we obtaiii

B, = PJ - ̂  ^ (14)
^2 + a X (1 - î]j)

A, = P' + (15)
^2 + « X (1 - Vl)

Due to the noii-linear payoff of the option, the bid and ask dépend on the value of the

strike set in the option contract. This is the reason why P and D2 have superscript j.

Regarding the stock price range, thcre are three solutions

Case 1 j = 1 : < K < Vi
'ni = 1 X a X {K - Vyp) X (P2 - 5)

P' = \{K-Vy^)

Case 2 j = 2 : Vl < K < Vh
i X a X [(A' - Vy-p) X {1.1.2 - |) 4- {K - Vl) x {ny - i)]

P'^ = \{2xK-vl-Vvl)
Case 3 j = 3 : t'H < AT < vyu

i X a X [(A" - vyi) X {f.i2 - I) 4 {vh - Vl) x (/ii - |)]
P^ = |(3 X A' - Vh - Vl - tvt)

MMs knows the set of possible outcoines for the underlying security. As the strike goes

up, the unconditional value of the put increases (F' > P'^ > P^) and the spread is wider

{ni < fÎ2 < ^2)- can be also showed that as more informed traders concentrate on the

sto(4 niarket, the option bid/ask spread Ap = Ap — Bp is

A. = (16)
(.2 4 a X (1 - rij)
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We observe > 0 and < 0. Herice, the option bid and ask spread is an increasing

fnnction of the overall proportion of informed traders and decreasing in the proportion

of thein choosing the stock inarket for executing a transaction. See Appendix A.2 for

proofs.

3.4 Nash equilibrium

3.4.1 Equilibrium OIT with profit equalization across markets

As a hrst step, we dérivé the equilibrium with a simple assumption regarding the informed

traders: They choose the niarket that maximize their expected profits. This approach

follows Easley et al. (1998). The pool of informed investors will split across markets, r][

for the stock and 1 — for the option, only if expected profits are the sanie. q) < 1

indicating a poolitig eqtdlibriuni, vlll be guaranteed for some parameter ranges. However,

it is also possible to have q} = 1 under a différent range of values. This situation reflects a

separating eq'wtUbriunq that is, ail informed traders concentrate on a single market. Under

l)ad signais, ecpiation rehecting prohts eciualization is

Bs - E{v \ PI = B} = E{{K - v)+ \ PI = B}-Ap (17)

When signais are high, the équation becumes

E{v \ PI = G}- As = Bp- E{{K - v)+ \ PI = G} (18)

Then, we dérivé the equilibrium value r/f* and qf* so that (17) and (18) ludds. This leads

to the following proposition:

PROPOSITION 1 In a financial market where investors can negotiate a stock or a put

and under the assumption that (i) the représentative niarket-maker acts as a risk-neutral

Bayesian-lea,rner agent and (ii) infonned traders seek to maximize expected profits, there
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exists a Na,sh equilibrium where sortie infortned traders prefer ta trade the put option rather

thon the stock. This equilibrium is characterized by:

The œndition

< § (19)
is satisfi.ed.

The probability that an informcd trader submits an order on the stock niarket is

Eqidlibjiu'in stock bid and ask o/re

Bs = V - {n, + F X sS) (21)

As = v + {n, + r x^.,) (22)

Equilibrium option bid and ask are

Bp^v- {94 + ri X ^4 (23)

Ap = V + (9^2 + ri X (24)

Wfth

= 1 X {vyff — K) X (/^2 ~ 2^ ^ ̂  F'//

r''^ = y [('■3'ff - K) X {P2 - 2) + ('^4/ - I<) X - 1)] under vp < K < vp
r-^ = 1 X [(l'vff - K) X {p2 - |) + {vh - vp) X {p^ - 1)] under vyp < K < vp

Détails on the algebra that leads to the equilibrium are given in Appeiidix B.l and the

proof that this is a Nash etiuilibrium is providetl in Appendix B.2. The eciuilii)rium
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bid/ask spreads A 5 and Ap are

As = 2x {Çli + F X Ç2) (25)

Ap = 2 X {ni + F X Ç,) (26)

One can easily observe tdiat this différence is always i)ositive;

A5 - Ap = 2 X F (27)

First, silice ail quantities {^1,^21 ̂ ii ̂^2, F} are defined positive, ry) is greater tlian zéro.

Second, using ̂ 1+^2 = 1 — a, tlie condition C1 < ^ can be reformulated as ^2 > 1 — a — ^.
It shows that the inixed-strategy equilibrium emerges only if liqnidity investors on the

option rnarket, as a fraction of the total aniount of traders, is large enough. Later in the

paper, we put in evidence that 1 — q) is null under numerous calibration schernes.

3.4.2 Equilibrium OIT with return equalization across markets

With a margin system, an investor does not pay the entire bid price. A fraction of the

aniount is borrowed with a counterparty (stock exchange or broker). To deal with the

crédit risk of the trader, an initial margin ainount is required and daily margin calls occiir,

according to the price fluctuation. This System is enforced to guarantee that the broker is

piaid in full even if when the asset value falls below the loan value. If the trader is unable

to support the daily margin, the position is automatically liquidated. Hence, the whole

margin system is designed to provide some leverage effect for the investor while liniiting

the lender exposure to the investor's crédit risk.

There are two conséquences of introducing a margin system: (i) Wealth-constrained

investor can participate in the market, (ii) instead of maximizing expet:ted profits, investors

seek to maximize an expected return, that is the expected prohts divided by the capital

engaged on margin. To buy or sell a share of stock, a trader has to invest a fraction ms

of the stock value, 1 — «1,9 representing the loan obtained with the counterparty for a buy
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position or the extra-margin for a short-sell position. As a conséquence, the expected

retiu'iis from buying (selling) a stock is the expected payoffs in équation 18 (17) divided

by ms X As {ms x Bg). To bny a put, the margin is Ap so the payoffs is divided by Ap (in

17). To sell the put, the initial margin is 100% of option proceeds, plus the maximum of

these two values (i) a fraction nip of underlying security value minus the out-of-the-money

amount, if any, and (ii) a fraction ni^ of the strike price. Accordingly, the payoff in (18) is

divided by max j/up x E {v \ salep} + {E {?T' | salcp} — K)^ ; mp- x if}. We follow John
et al. (2003) by using E {v \ salep}, that is the expected stock value conditional of the

sell order, as the underlying security value.

At first glance, the initial margin requirernent for a put sale position looks pretty

technical. Actually, it reflects the définition given by the CBOE margin calculator. To

assess whether or not this définition is popular across financial markets, we have checked

the ijractice on several fanions trading platforms. It turns ont that this définition is pretty

connnon and enfori-ed by niarket participants. Définitions found on trading platform

websites and internet link are exhibited in Table I. By introducing a margin system to

the niarket structure, two additional assumptions niust be added:

(Ail) Ail investors, inforrned or not, can buy and sell assets on margin

(A12) There is no margin call

Ail prevents the représentative MA-I to identify the investors using margin system as the

ones possessing private information. A12 makes sense regarding our niarket structure: The

true stock price is revealed (t = T +1) after the transaction session {t = 1, and tfie

gaine restarts (# = 0). There is no need to introduce margin call as there is no fluctuation

in the stock price before the information is revealed.

If the signal observed by an informed trader is of type "bad", she either sells the stock

or buys the put. A mixed strategy equilibriiim (i.e. pooling equilibrium) enierges only if

the expected returns are equal across markets, that is

TIk; aniiplcte margin for a stock short-scll position is (1 + ms) x Bs- Howovor, 100% of tlio sttnik valm? is covtinîd by
tlic procood, so that only rns x Bs luo froni the invfîstor s pock(!t. H(Ti(u\ thero is a symimdric situation in ternis in
initial margin requirenHuit between a buy and a sell position.
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Bs - E{v \PI = B) ^ E{{K-v)+ I PI = B}-Ap
ms X Bg Ap

Wheii informed traders reçoive positive news, they can buy the stock or sell the put. In

that situation, the condition for the inixed-strategy equihbrium becoines

E {c \PI = G]- As Bp-E {{K - €■)+ \ PI = G}
nig X Max {nip X E {v \ salep} -, rnK X A'}

if E{v I salcp} — K < 0 or

E {f- \PI = G}- As _ Bp-E{{K- v)+ \ PI = G}

(29)

nig X .4s' Max {(1 + mp)' x A {€' | salep} — A'; X A'}
(30)

if E{v I salep}—K > 0. It is a priori unclear what is the impact of margins on how informed

traders split their trades. An option on one share is far cheaper than the share itself, so

that the option inarket looks more interesting for a wealth-constrained investor. However,

the possibility to buy the stock on margin irnproves the attractiveness of the stock, which

is already, between the two securities, the most sensitive one to the information fiow. It

is aiso unclear how the strike will influence the relative allocation of informed trading,

because the initial margin requirement for WTiting a put difi'ers according to the strike set

in the option contract.

PROPOSITION 2 In a finaiicial m.arket where investors can negotiate a stock or a

p■ ut a,nd ■under the asswnption that (i) the représentative market-maker acts as a jisk-

neutral Bayes-ian-learner agent, (ii) informed traders seek to maximize expected returns,

there exists a Nash equilibri'um -where some informed traders prefer to trade the put option

■mther than the stock. Tkis eqwilibriurn is charucterized by:

If a trader holds swperior information indiaiting négative news for the œmpany, the
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probability that she chooses to trade the stock is

yf* = . (31)
X fil X 5 + Ça X 11^2 X C'

with

A = pj + i X 0^2 + ̂  X Ç2 X {P' - ms X t- X If^)
p = pj + i X ni

a  ̂

C = ms X {v + ̂  X îli)

aiid the probability to trade the option is 1 — yf*.

If a trader holds superior mfonnation iridicating positive news for the cornpany, the

probability that she chooses to trade the stock is

,  (32,
î, X Sî, X B' + Çj X £ii X C

under Vyi < K < vi and < K < x v, and:

r,f = (33)
X n, X B" + {2 xm^xc"

under v + 1 < K < vh and vh < A' < vvh- The probability to trade the option is 1 —

A',B',C',A",B"and C" are:

A' = [Pj + rriK X K) X (i X Ç2 + 1) - ̂  X X (1 + iris x ï; x
B' = P^ + TUii X K

C = ms y. (v + ̂  X n-i)

A" = nip X (t- + i X lli) + i X Q^) + ̂  X Ç2 X + nip xv - ms x ^ x v)
B" = rnp x{v + ̂ xn,) + {P^ - ̂  x
C" = nis x (v + ̂  X rii)
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Necessary conditions for (32) and (33) to hold are: rjfj <

lu <
a A'-B' , ^
ai c ^ ̂

-1

and qu < Qi V A"-B" , 1ai ^ C" + \
-1

1
y -4-5 I 1

, respectively.

The proof is given in Appendix C.l. The proof of the stability is the saine than

the one given when informed traders equalize expected profits. Then, one can dérivé the

equilibrium bid/ask spread. For the stock, this is

A, = ' " , (34)

while the option bid/ask spread is

^ ^ 2 X nj X x^,x{B-A) + nj x^.xC]
^  rii X X [B X (1 - — a X A] + X ^2 X C X (1 - a)

Wfiien informed traders equalize expected payoffs across markets, it is easy to put in

evidence that A,ç is ahvays greater than Ap. When they ecjnalize expected returns instead,

nothing prevents Ap from being lower than As in the resulting equilibrium. This happens

because 1 — qf* and 1 — qf* can become fairly large under certain parameter ranges.

3.4.3 Calibration

Régulation T of the Fédéral Reserve Bank imposes the initial inargin requirement for

positions on stocks. To take a long position on stock, a trader can borrow up to 50%

of the stock value. By buying at this margin, she puts on the table only 50% of the

share price. For a short equity position, a margin of 150% is required. As 100% of the

stock value is generated by the sale position, the trader only engages the additional 50%)

recpiired. Following the Régulation T, rn,? = 0.5. The CBOE is a well-known liendnnark

fur practitioners. A put can be bought on margin because it is alreacly higlily leveraged.

To Write a put, the initial margin requirement as specified by the CBOE is 100%) of

option proceeds plus the maximum of the two following values: (i) 20%) of the underlying
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security value iniiius the out-of-the-money ainount, if aiiy, aiid (ii) 10% of the strike price.

Accordingly, we set mp = 0.2 and itik = 0.1.

a is rnatched to recent available proxies provided by the literature. For cv, we would

iieed a rneasuie of total inforiiied trading encompassing stock aiid option rnarket. Sncli a

ineasnre bas iiot been created yet and we ninst rely on the available proxy developed jnst on

the stock market. Put differently, there are einijirical estimâtes of a x qj but not of a in the

literature. Hence, the vaines chosen should be viewed as lower Ijonnds. The Probability

of Informed Trading (PIN) rnetric developed by Easley et al. (1996) looks as a good

candidate to calibrate a. At trade level, it captures the probability that the market rnaker

negotiates against someone more informed. Dnarte and Yonng (2009) provide estimâtes

of PIN for a long period of tirne and a large cross-section (48,512 firm-years between 1983

and 2004). Aloreover, they provide an adjnsted measnre of the PIN, that accommodâtes

the possibility of order-flow shock occnrring simnltaneonsly on the bny and sell side of the

market. Doing so, they pnrify a PIN from an embedded liqnidity component. a \'alnes

rehect the 5th, 50th and 95th percc>ntiles reported in the table 5, pp. 131 of their paper.

a = {8%, 17%, 37%}.

To proxy for the relative licinidity trading {qp), we use the vaines from Johnson and So

(2012). They provide stock and options volumes over a large panel of US stocks provided by

the popnlar option dataset OptionMetrics, over the period 1996-2010. From the fîrst table

of their paper, we compnte OPTVOL/{EQVOL + OPTVOL) reported for the déciles 1,

3, 5, 7 and 9. 1 — % is calibrated on these vaines {0.5%; 1.7%; 3.2%; 5.8%i, 10.8%}. Finally,

{i^VL,VL,Vfi,vvH} is set at ($30, $40, $60, $70}. Tins gives an nnconditional asset vaine

(v) of $50 and retnrns a standard déviation representing 36.5% of v. To the best of onr

knowledge, there is no empirical stndy that conld provide a benchrnark to set /.q and fi2-

We choose /Xj = 0.6 and p2 = 0.8."^'' Calibration choices are snmmarized in Table II.

C'uUin-Dufn^siK^ hikI (2015) arialy/c the t.rruliii;.>-^trafp^A- of T..h<' Si'hodulc^ IdD Filors. Thi' 13D Filcrs havo arccsscd
to supcrior informât ion and fit w<dl tho dotintion of an infonmid trad(;r. Honco, tlio autliors aro aido to providc; sornc
direct mcasurc of tlic inforim^tl trading activity ami do not i<dy on an undcrlying structural mod(d that infcr <'stimatcs
from tradc and quotc data, liktî the PIN do(!S. Around filing dates, the médian infonmal vt)luine to total volume ratio
is 8% and the probaltility that a filer tradtîs at least one share of stock ou a given day is approximately 25%.
Huh et al. (2015 ) have a single measure of private information précision. In tluhr calilnation. they set 0.85 < < 0.99.
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3.5 Equilibrium properties

.3.5.1 The pattern of informed trading in the option rnarket

3.5.1.1 Expected profits versus expected returns

Table III sninmarizes our main firidings regarding the pattern of informed trading across

strikes. OIT (1 — ry*) is derived under two scénarios (i) informed traders equalize expected

profits across markets, (ii) informed traders equalize expected returns, and for varions

combinations of {a, 1 — qujK}. Here is an example on how to interpret one entry: In a

our sequential trading, when a — 17%, 1 — i]ij = 3.2% and the put contract lias a strike

set between vvl aiid v^, the equilibrium proportion of informed traders that negotiate the

option is market is 14.4% when signais are low and 5.3% when signais are high, on average.

When informed traders equalize expected profits across markets, they are ahnost always

absent of the oiition market. If the option is NTM, the proportion is null except in very

few cases where a is very high. Wlien the option contract spécifiés a large strike (ITM),

at most 8.1% of informed traders are présent on the option market. Overall, tliis evidence

suggests that no OIT should emerge on the option market if traders truly equalize expected

profits in the stock and option market.-^" This pattern is consistent with the interprétation

of John et al. (2003): The information sensitivity of the stock is always wider than that

of the option because the option delta is bounded by one. Unless the option is deep in

the money (that is delta ahnost equals one), there is no reason to trade the option for an

informed investor. Because ijf* = , this outcome holds whatever the direction of the

private information.

Wlien informed traders equals expected returns across markets, a pattern completely

différent emerges. Over the 165 différent configurations that are tested in Table III, 57

values of 1 — /y) are greater than 10%, 28 are greatei' than 25% and even 10 are greater
Aiiothcr way to show that a lit tlc ann)uiit of iiifoniiod trados ot (niis in tho option inarknt when cxpoctod profits is usrd
is to a.sscss tho t'onditioii under wfiieVi 1 — r/y > 0 holds. If the strike is at equal dislanoe between vy ami vyh and

between vl Hiid ti/f, we obtain ~ 1- St) ail iiifonued traders trade the stock if Tjy = and soine of thein trade
the option if 7]^ < | -. Aeconliu^" to the last iueqiialitv aiul givtni that the intidiau a. is 17% for US stocks, r/y would
be iuîlow 20.5% ( )• This is not coinpatible with enipirical fac.ts: Th<î option volume is always marginal compared
to th(! stock volume.
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than 50%. This happens because the spécifie option iiiargin System cancels the stock

superiority. The payoff from biiyiiig a put is divided by the put price, which is very low

for OTM option {vvl < K < vi), dramatically increasing the expected retnrns (leverage).

For a put sale, the additional cash beyond the proceed is not that much; x K for small

K and nip x E {ù | salep} for large K. This produces the sanie effect. Hence, 1 — r/f * and

1 — ifj'* become fairly large when informed traders equalize expected returns, rather than

expected prohts, across markets. Under PI = B, a = 17% and 1 — -qp = 3.2%, we obtain

that OIT is 14.4%, 10.4% and 6.9% for OTM {vyp < K < vp) or NTM {vp < K < vh)

or ITM {vp < K < vvh) put contract, respectively. When PI = G and given the saine

figure for a and 1 — q^, the fractions are 5.3%, 15.3%, 16.8% and 22.8%, respectively.

3.5.1.2 OIT and moneyness

Our results also snggest a snlistantial portion of informed traders will prefer to trade the

option rather than the underlying stock when (i) option liciuidity is large and (ii) the

total informed activity is low. These results are consistent with the hndings of Easley et

al. (1998), who shed light on the fact that liquidity is required for the trader to be able

to hide her trade. Our entries suggest that 1 — q} looks pretty sensitive to 1 — q^ and

somewhat sensitive to a. 1 — i/f * is maximized for a trading model involving an OTM put

and 1 — qf* is maximized with an NTM or ITM put. For instance, for PI = B, a = 8%

and 1 — qp = 5.8%, more than half of the informed traders would trade an OTM put, on

average. This is 35.8% if the put is NTM and 76.1% if it is ITM. If 1 — qp soars to 10.8%,

90.1% of sophisticated traders would negotiate the OTM option while 63.6% would trade

an NTM option. Ail informed traders would trade the option if vp < K < vyp (ITM).

The pattern of informed trading is différent according the content of the private infor

mation. For PI = H, we hnd that the largest fracdion is observed for equilibria where

the put option contract has a low K. \ — qf* under r\-p < K < vp is always higher

than Vp < K < vp and vp < K < vyp. For PI = G, this is difî'erent: 1 — qf* is at its

highest level under vp < K < vyp. However, we inust highlight the fact that the oiition
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volume widely differ from rnoiieyness type in practise, from higlily liquid contract for NTM

options to somewhat liquid for OTM options and completely illiquid for ITM options. It

involves that, for a given 1 — 7]^, comparisons of 1 — rjf* or 1 — iff* across strike areas

are spurious. For instance, 1 — rjf*{vL < K < Vh', 1 — r?(/ = 5.8%) sliould be cornpared

to 1 — r}f*{vvL < K < vl; 1 — rj^ < 3.2%) and 1 — rif*{vH < K < vvh', 1 — rju < 3.2%),

everything else being equal for other parameters. Under tins perspective, one can observe

that NTM contract returns the largest 1 — r/f* and 1 — ryf*.

3.5.1.3 Equilibrium bid/ask spread

When informed traders equalize expected profits across markets, we show that the option

bid/ask spread is always lower than the stock bid/ask spread. However, nothing guarantees

the inecjuality when informed traders equalize expected returns. In Table IV, one can

observe that Ap switches above in the cases where (i) K > Vh when PI = B and

K > V + 7 when PI = G and (ii) a substantial portion of the whole inhjrmed trading

activity occur on the option rnarket. Because the stock is always very liquid cornijared to

the option (77^ > 0.8), A5 represents a sniall proportion of the unconditional stock value

û, between 2% and 10%. For the option, Ap rnoves between 19% and 70% with a average

of 40%. This is above the proportional bid/ask spread observed on financial markets as

documented by Wei and Zheng (2010).

3.5.2 Sensitivity analysis

3.5.2.1 Sensitity to relative liquidity trading

Relative liquidity trading is a central variable in Easley et al. (1998). The magnitude of

this variable bas a large effect on the likelihood of finding a outcome pooling (77) < 1)

versus a separating one (7/) = 1). Here we ciuantify how rnuch a décliné by 1%) of 7/p

generates in ternis of OIT. We compute the values [l — — c, •)] — [l — '/f*('/('' •)]
and [1 — 77^*^(7/^; — £, •)] — [1 — withe = 1% and • referring to other parameters
held constant. Figure I shows the outcome under the 15 {q:, 1 —77(r} combinations. \\e find
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that an incrémental increase in 1 — rju triggers a large reallocation of informed trading that

favors the option market. Under PI = B, a = 8% and 1 — rj^ = 3.2%, and vy^ < K < v^,

a 1% increase of tliis amonnt leads to a new equilibrium where 1 — rjf* increases by 8.6%

on average. For vi < K < vh and vh < K < vy^, the soar is 6.1% and 3.8% on

average, respectively. Under PI = G, we document a similar increase in OIT, by 2.85%,

8.17%, 9.25% and 12.65% for vy^ < K < vh. vt< K v + 1 < K <Vh and

Vh < k < vyHi respectively.

Follouing a small reallocation of liquidity traders that favors the option market, we

should observe a large reallocation of informed trading away of the stock market and

toward tlie option market. Tins is a stroug effect if the put is OTM when the market

incorporâtes bad news, and if the put is ITM when the market incorporâtes positive

information.

3.5.2.2 Sensitivity to total informed trading

Iiiformational asymrnetry and adverse-selection costs tend to go up prior to corporate

events. Within om model, it might be interested to assess how a 1% increase in the total

trading activity disséminâtes across rnarkets. We compute the values [l — 7/f*(a + e, •)] —
[l — •)] and [l — 7/f*(a + c, •)] - [l — 77f*(rt, •)] with £ = 1% and • referring
to other parameters held constant. Figure II shows the outconie under the 15 set of

{tt, 1 — 7/(7}. We find that an increase in the total informed trading reduces the amonnt of

informed trading on the option market. For a > 17%, (i.e. strong compétition between

the informed) the results are not econoniically wide and close to zéro. However, this is

fairly large for n = 8%. Under PI = B, a = 8% and 1 — 7]h = 3.2%, and vy[^ < K <

l'L, a 1%) increase of this amonnt leads to an new etinililjrinm where 1 — rjf* {rjf*) lias

declined (increased) by 3.60%: (3.60%) compared to the old one, on average. 1 — rjf* has

declined by 2.05% nnder vi < K < vh and by 1.17% nnder vh < K < vyn- Under

PI = G, we docnment a décliné by 0.64%, 2.69%, 3.15% and 4.5% for vyi < K < vh,

vl< k < X'ë, 7 + 7 < A' < Vh and vh < K < vyn, respectively.
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This fiiiding, i.e. the négative impact of total iiiformed trading on OITs suggests a

reallocation of informed trading i)rior to events characterized by a growing inforrnational

asymrnetry between rnarket participants. In tire context of earning announcenients, there

is usually a leakage of confidential materials when the announcement date is close. Tins

generates more informed trading activity and our inodel shows that OTM put should

experience the greatest lost wlien PI = B and ITM and NTM put should experience the

greatest loss when PI = G.

3.5.2.3 Seiisitivity to margin rates

If the margin rate required to take a position on the stock moves up, the resulting equi-

librium 1 — 7]} should be greater. By lowering the expected returns from trading stock,

a increase in ms makes the option market more attractive. In Figure III, we provide

some evidence on the impact of a 10% change in 7ns on 1 V*i for varions combinations of

{a, r/fr}. As we did before, we cornpute the values [l — r]f*{rns + e, •)] — [l — •)]
and [l — rff*iy7ns + e, •)] — [l — r]f*{îns, •)] with e = 1% and • referring to other para-
ineters held constant. Under PI = B, a = 8% and 1 — rjfj = 3.2%, and «v'l < K < a

10% increase of this aniount leads to an new e(iuilibrium where 1 — qf* lias increased by

9.94% with respect to the former equilibrium, on average. 1 — qf* soars by 8.68% under

vl < K < Vh and by 7.55%i under vh < K < vyn- Under PI = G, effects are wider:

A 10% increase in ms triggers a soar by 8.79%, 12.08%, 11.94% and 14.06% on average,

for vyj^ < K < l'H, vs< K < XV, V + 7 < K < Vfj and vh < K < vyn, respectively.
1 m •

The effect can be above 20% if the option market is highly liquid and the total trading

activity is low. We also find that the effect is a little bit stronger for OTM options when

PI = B and ITM options when PI = G. Effects across strikes are flat.

The effect of changes in rni< or r/ip are asymmetrii; on the equilibrium 1 — In-

deed, these values do not count to compute the margin for a long iiosition on the put

and only matter for a short position. It turns ont that a change in these values do not

modify 1 — q*j when informed traders negotiate on bad news but it does if they trade
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on good news.^^ Figure III shows how 1 — rjf* is affected following a simultaneous

10% change in niK and mp. Interestingly, the effects aie wider conipared to what is ol>

served following a 10% change in mg. With a — 8% and \ — iip = 3.2%, the magnitude

[l — + £,inp + £, •)] — [l — '?f*(wp, ''a7c, •)] is -20.78%, -12.22% and -14.46% on
average, for vi^< K < xï\ v + 7 < K < vp and ?'// < K < vyp, respectively. We

i  IflK

inust also highlight that any changes in m.ç, rnp or rrip have ahnost no impact on that

1 — //| when Q is high (too rnany informed traders) and 1 — is low (shortage of liquidity).

On the US financial markets, the inargin rate lias shifted several tirnes. Hardouvelis

(1990) documents that officiai initial margin requirements were adjusted 22 times through

the period 1934-1994. The lowest (highest) recorded change is 10% (25%). Our findings

suggest that new changes in the initial margin requirement could widely affect the relative

price discovery between markets for stock with a liighly licpiid market. Especially, the

option market could play a more important rôle for the incorporation of private information

if regulatory requirement for trading stocks become stricter.

3.6 Conclusion

In this paper, we develop a theoretical rnodel of market microstructure adapted to ac-

commodate multimarket trading, in the spirit of John et al. (2003) and Hu et al. (2015).

Three market participants negotiate a single asset through the equity or the option market.

Market-makers are risk-neutral Bayesian learning agents who provide a buy and sell ser

vice to investors. Uninformed traders negotiate for reasons exogenous to asset payoff" while

informed traders observe a signal on the price direction and seek to maximize expected

returns frorn trading. When expected payoffs are eciual in the stock and option market,

the pool of informed traders will split. We dérivé several Nash eciuilibria under this as-

suniption. By calibrating margin parameters to the CBOE margin requirements and other

parameter to recent empirical studies, we hnd that the split is likely to emerge. Then, we

Tliis asyniiiKitric change of 1 — in PS = H an<t PS = L is also jtrcstqit. in t.h<! call market. Heiice, in a real tlerivafivtî
marktît with calls and puts, t.h(^ gl()i)al trading activity on tlui option iriarket is affected hy changtis in irif^ and mp Itut.
we do not expeet an asymnudric iinpa(d wif the niarktd is incorporât ing batl news or good ikîws.

110



study the relative allocation of inforined trading across markets and across monej-ness. In

the benchmark case, 14% of informed traders negotiate the option when signais are low

and 23% negotiate the option when signal are low. Option informed trading (OIT) can

reach 50% when the relative liquidity favors the option.

Our findings give some support to Chakravarty et al. (2004) and Rourke (2013). Their

figures regarding the contribution of the option inarket to the price discovery process have

similar magnitude to our OIT percentage. Moreover, our results give echoes to Lakonishok

et al. (2006) who shed light on the fact that nonmarket-maker written option positions

account for a wider part of the trading volume than purchased positions. In our model,

the equilibrium OIT when informed traders take a short position on the put is always

greater the one derived with long position. We are able to provide an explanation to

this phenomenon; Asymmetry between long put and short put margins requirements is

responsible for this différence in OIT magnitude. Traders can achieve larger returns by

writing a put when signais are high than purchasing a put when signais are low. The

option to stock volume ratio, the O/S inetric developed by Roll et al. (2010), seems to

increase prior to earning announcement. This can be solely generated by an increase in

informed trading because OIT responds negatively to this amount. Only an improvernent

in the relative option/stock liquidity favors OIT and offsets the first effect.
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Figure I: Sensitivity of OIT to variation in the uninformed trading activity
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Panel A: Signais are high

We quaiitify the variation in the equilibrium option infonned trading (OIT) followiiig a 1% increase in
the option liciuidit}' trading. In Panel A, the private information content indicates positive news, se
that infonned traders biiy a stock or write a put. Under tins scénario, the bars reflect the magnitude
[l — 'ifi*{Vu ~ •)] 1 with £ = 1%, for varions parameter set (•). Within each plot,
each bar stands for a différent strike area: (i) vyi < K < vi (ii) îq, < K < x v (in) ï' + 7 < K < Vff
and (i\-) Vf{ < K < vyfj- K moves by 50^ in the intervais, so changes in 1 — are averages across
strikes. In Panel B, the pri^'ate information content indicates bad news, so that infonned traders short-sell
the stock or purchase the put. Here, bars reflect [l — — £, •)] — [l — vf*{Vui •)] différent strike
area: (i) vy^ < K < vi (ii) vi < K < vh and (iii) Vfj < K < vy^. Values for a and j/y are provided
in bottom-right side of each plot. Other model parameters are fixed as follows: {vyj^,vi, Vf{,v\ f{} =
{S30, $40, S60, $70} and {/q,p..,} = {0.6,0.8}.
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Figure II: Serisitivity of OIT to variation in total informed trading
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Panel A: Signais are high

We (luaiitify the variation in the equilibrium option informed trading (OIT) following a 1% increase
in the total informed trading. In Panel A, the private information content indicates positive news, so
that informed traders buy a stock or write a put. Under tins scénario, the bars refiect the magnitude
[l — ri'f*{a + e, •)] — [l — •)], with e = 1%, for varions parameter set (•). Within each plot, each
bar stands for a différent strike area: (i) ivl < K < vi (h) < K < IZmj' ^ (i") v + 7 < K < vh
and (iv) Vff < K < vyn- K moves by 50^ in the intervais, so changes in 1 — 7/^'* are averages across
strikes. In Panel B, the pri-vate information content indicates bad news, so that informed traders short-sell
the stock or purchase the put. Here, bars refiect [l — r]f*{a + e,»)] — [l —?/f*(«,•)] for différent strike
area: (i) < K Zk vl (h) < K < vh and (iii) vh < K < v\.h- Values for a and qy are provided
in bottom-right side of each plot. Other model parameters are fixed as follows: {vyLyvy,VH,VYH} =
{$30,S40,S60,$70} and = {0.6,0.8}.
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Panel B: Signais are low
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Figure III: Sensitivity of OIT to variation in the stock margin rate rns
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We ciuantify the variation in the equililnium option infonned trading (OIT) following a 1% increase
in the stock niargin rate nis- In Panel A, the private information content indicates positive news, so
that infonned traders biiy a stock or write a put. Under this scénario, the bars refiect the magnitude
[l — ijf^(rns + 5,*)] — [l — ■'//'*("'-Si •)] I with e = 1%, for various parameter set (•). Within each plot,
each bar stands for a différent strike area: (i) vyi < K < (ii) vl < K < x v (iii) D + 7 < /\ < i'h
and (iv) vh < K < vvh- K moves by 50^ in the intervais, so changes in 1 — 7/^* are averages across strikes.
In Panel B, the private information content indicates bad news, so that informed traders short-sell the
stock or purchase the put. Here, bars l'eflect [l — r]f*{rns — £,•)] — [l — Tif*{nis,»)] for différent strike
area: (i) vyi. < K < vi (ii) rq, < K < vu and (iii) Vf{ < K < vyff- Values for a and are provided
in bottom-right side of each plot. Other model parameters are fixed as follows; {cVLi "Li l'Hi fvi/} =
{$30, $40, S60, S70} and {Pi,/t.2} = {0.6,0.8}.
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Figure IV: Sensitivity of OIT to variation in the option margin rates riip and 711^
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news, so that informed traders buy a stock or vvrite a put. Under this scénario, the bars refiect the
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3.9 Tables

Table I: Option margin requirements in CBOE and popular trading platforms
CBOE
Long put : "Pay in full, no additional cash needed"
Short put : "100% of option proceeds, plus 20% of underlying security value less out-of-the-money

amount, if any": "minimum requirement is option proceeds plus 10% of the put's
aggregate exercise price (nurnber of contracts x exercise price x $100)"

Link : http://www.cboe.com/tradtool/mcalc/

Interactive Brokers

Long put :
Short put : "Put Price + Maximum ((20% * Underh'ing Price - Out of the Money Amount),

(10% * Strike Price))"

Link : https: / /www.interactivebrokers.com/en/index.php?f=inarginnew&:p=opt

OptionshoLise (E-Trade)
Long put : Premiurn x number of contracts
Short put : "Greater of:

25%) of the underb'ing stock price - the out of the money amount (if there is any)
+ option premiurn x number of contracts
Or

15% of the strike price + option premiurn x number of contracts

Link https: / / www.optionshouse.com/inargins-buying-power/margin-requirements/

OptionsXpress (Charle.s Schwab)
Long put
Short put

"None "

"20% of the underlying rnarket price -f the premiurn - arnount out of the money
OR 10% of the underlying inarket price (or strike price for 0-T-M puts) -I- the premium,
whichever is greater."

Link : http://oxint,. option3xpres3.com/about_us/margin_guidelines.aspx

TradeStation (Monex group)
Long put : "100% cost of the option"
Short put : "Greater of these 3 values:

1. 100% of the option proceeds + (20% of the Underlying Market Value) - (OTM Value)

2. 100% of the option proceeds -h (10% of the Strike Price x Multiplier x Contracts)
3. 100% of the option proceeds 4- (SlOO/contract)"

Link : http: / / www.tradestation.com/products/options/margin-requirements

TD Direct Tnvesting
Long put : "100% of the option's premium"
Short put : "100% of premium less any out-of-the-money amount plus margin requirement of the

underlying (minimum 5%)"

Link : https://www.td.com/ca/products-services/investing/td-direct-investing/accounts/margin.jsp
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Table II: Summary of the parameter set

Parameters aiid définitions Calibration

&VL A possible outcome for the state of nature, revealed at the
end of the trading session. VL stands for "very low" P{0 = Oyp} = 25%

9l A possible outcome for the state of nature, revealed at the
end of the trading session. L stands for "low" P{9 = 9^} = 25%

Oh A possible outcome for the state of nature, revealed at the
end of the trading session. H stands for "high" P{9 = 9 f,} = 25%

OVH A possible outcome for the state of nature, revealed at the
end of the trading session. VL stands for "very high" P{6i = 6»,,^} = 25%

VVL Stock value \{ 9 = Oyi^ at the end of the trading session $30

VL Stock value li 9 = Op at the end of the trading session $40
VH Stock value if 0 = 9p[ at the end of the trading session $60

VvH Stock value if 0 = 9yh at the end of the trading session $70

a Fraction of investors that possess private information {8%, 17%, 37%}

Vu Fraction of uninforrned liquidity investors présent {0.5%, 1.7%, 3.2%,
on the stock inarket 5.8%, 10.8%}

Vf Fraction of a that décidé to trade the stock Endogenous

vf* Fraction of ft that décidé to trade the stock at equilibrium
Informée! traders anticipate that the stock value will be low Endogenous

vf* Fraction of n that décidé to trade the stock at equililirium
Informed traders anticipate that the stock value will be high Endogenous

Ml Probability that the signal is high (low) when the true state
of the nature is Vp (vp) 60%

M2 Probability that the signal is high (low) when the true state
of the nature is Vyu (Vyi) 80%

Ttls Fraction of stock value hold on margin to trade the stock
(i.e. one minus borrowed cashj 50%

mp Fraction of the option value hold on margin to trade the put 20%
niK Fraction of the strike value hold on margin to trade the put 10%

Bs Stock market maker bid price Endogenous
■^s Stock market maker ask price Endogenous
Bp Option market maker bid price Endogenous
Ap Option market maker ask price Endogenous

As Bid/ask spread on the stock market Endogenous
A p Bid/ask spread in the option market Endogenous

Vf Risk-free rate 0

This table suniiiiarizes ail parameters used in uur sequential trading model. Définitions and calibrations
are provided in columns 2 and 3, respectively.
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3.10 Appendix

3.10.1 Appendix A.l: Bid, ask and asset payoff on the stock market
The MM deri\-e the bid and the ask by (i) assuiniiig that her expected profit is nnll and (ii) taking the
information conveyed bv the order into account. Given that a sale order occurs at the bid and a buy order
oceurs at the ask, \ve have

Bs = E{v\ sells}
= S {ri I buys}

We focus on deriving the \-alue of the bid. Deriving the ask is done with a similar reasoning. Regarding
the number of states of nature, the stock bid is

Bs = VVL X P{e = 0VL I sells} + l'L X P {9 = 9^1 sells}
+vh X P [9 = 9h I sells} + vvh x P [9 = 9vh \ sells} (1)

Let's start with P{9 = dy^ \ sales}- Hie MMs behave as Bayesian learners. They have a prior for the
conditional probability, receive an order and update the information regarding the nature of the trade,
i.e. a Iruy or sell order. Under Bayes' law, we have:

. r. . , „ . P{(^ = <^vl} X P [sells 1 0 = 9vs}P{9^ 9y, I sells} = (2)

that is:
pr. . I ,, , P{9 = 9vr,}xP [sells \e = 9yL}P[9 = Byi \ sells} = — E  P[e = 9i} X P[sells \9 = 9i}

{9y I,,f> }

Because the states of nature are eqiially likely to occur, this expression collapses to:

P [sells 19 = OyL}

The niimerator is: ^
p [sells I ^ = &vl} = -^ 'X [1 — a) X rfu p a X t]j X 1I2 (4)

The RHS of (4) is the surn of two parts: The portion of uninformed traders (1 — a) on the sell side (1/2)
of the stock market {ihi) plus the portion of informed traders («) that receive the right signal (/Xj) and
that choose the stock market (r?/). The other probabilities that appear on the denominator are:

P [sells I 6 = 9s} = ̂  X {I - a) X + a X rij X (5)

P [sells I 0 = 0h} = ^ X (1 - a) X riu + ax t], x (1 - /xj (6)
P[sells \9 = eyn} = ^ X [l - a) X +a X r/i X (1 - y-j) (7)

Given (4), (5), (6) and (7), (3) is

1

q,,. I = 2.
2 X [(1 — cv) X Tjy + a X Tj[
i X (1 — O:) X r/rr + Ot X 71, X UnP{0 = 9yL I sells} = V (S)
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By following the procédure (2) to (8) for the other terni of (1), we obtain

1

P{e = er^ \seUs}=^

P{0^0H\seUs} =

x(l — a) X riu + a X i]i x
2 X [(1 - a) X Tjy + a X r/^]

g X (1 — a) X r/y + a X Tjj X (1 —
2 X \{l - a) X 1]^ + a X r]i]

i y
P{0 = dvH I se.lls} =

^ X {1 - a) X T]^ + a X 1]j X {1
2  X [{\

— f.12)
— a) X -qy + a X r/^]

By plugging the last four équations into (1), we obtain

B, = (l-a)x7;,.xû
Vu + (1 - «) + « X Tji

^xaxq^x [^2 X vvL + Mi X W£, + (1 - x vh + (1 - M2) x i'//]
2

7jy X (1 - a) + a X i-jj

where v is the nnconditional expectation of the nature v = Y2e=L h ̂  {^} x w» = (1/4) x {vy^ + vi P
Vh + vvh)- Using the trick Bs = Bs + (û — v), (1) can be written in a more convenieut way

B. = y^ è X « X X [(/t2 - |) X (vvH - vvl) + (Mi - è) ^ - vl)]
(1 — a) X qy + a X qj

We follow exactly the sarne metliodology to dérivé to stock ask. First, XI5 is expanded

.45 = Vvl x P {9 = Oyu \ buys} + vl x P{9 = 9l \ buyy}
+vh x P {9 = 9h I buys} + v\ H x P {9 = 9yh \ buys} (H)

Then probabilities formula deri^•ed nsiiig Bayes' law one more time

p {S = «„, I (»K) . î " " - + » X "/ Ml -2 X [(1- a) X qy + a X r/;]

i y ('
P [9 = 9l\ buys} =

5 X (1 — o;) X + n X X (1 —
2 X [(1

 p,i)
— n) X qy + a X 7//]

1

P{9 = 9h \buys}= '̂ X {I — a) X qy + a X qj X /
2 X [(1

q

P{9 = 9vH\buys} =

— a) X qy + a X 7/;^]

I X (1 - a) X qy PaxqiX 1J.2
2 X [(1 - a) X qy + a X 7/;]

These four équations are plugged into (11), yielding

_  1 X a X 7/; X [(/t2 - 4) X {vvh - vvl) + (Mi - è) x {vh - ul)]As = v + ̂  ^ f- ^ ^ (12)
(1 — a) X t/y + a X qi

(8) follows. The second part of the RHS of (10) and (12) is half of the bid/ask spread. Note that if one
assumes that there is no longer informed trading in the sequential model (ri = 0), then Bs = = v.
Hence, under the assumption of a purely non-informed trading activity, the bid-ask spread vanishes. This
property of our model respect the fundamental property of the sequential trading model of Copeland
and Galai (1983) antl Glosten and Milgi-orn (1985) in which the bid-ask spread is fully generated by
informât ional asymmetry. This property holds in our multirnarket environment.

Denoting fli = 4 x a x [(p.^ - 5) x {vvh - vvl) + (Mi - è) ^ ~ '"l)] and = (1 - a) x qy, the
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stock bid/ask spread .4s- — Bs is written

As =
2 X ifi X Qi
^i+aXT][

Let's assume > 0. This is équivalent to

2 X i X 7?; X ^ 2 X ?7; X Oi X
^1 + « X 'i/ (^1 + a X r]i)

SAsWliich is valid if > —a x r|^. This last condition is respected for any a, ijj and r]^. Likewise, g-
woukl involve

2 X fil ^ 2 X rjj X rii x + q)
>

> 0

Cl + " X î]j (Cl + " X 77,)
Which turns out to be tnie if 77^ < 1, Q.E.D

Froin the perspective of the informed trader, the final ̂ 'alue of the stock is its expected value coiiditional
on the private information she holds. If signais are low, the final value is expected to be E{v | PI = B}
while this is E{ v \ PI = G} if signais are high. By developping the former term, we obtain

E{v \PI = B} = WL X P{0 = 9vl \PI = B} + vl x P{0 = 6/^ 1 P/ = B}
+VH X P{d = Oh\PI=B}+ wh x P{9 = OvH \ PI = B}

(13)

Usiiig Bayes' rule again, these four probabilities are easily derived

P{0=0yL\PI = B} = ^X^l.^
P{e = ej^ \pi = B} = -x 77i

p{e = 0H\Pi = B} = -x{i-n,)

P{0 = l 'VH PI = B} = -x{l-^i^)

And (13) is

E{v \ PI = B} = - [vvH X {vvH - Vvl) - Ml X {vh - Vl)

which can be rewritteii

E{v\PI = B}=v-- {vyh - Vvl) x (M2 ^ o) + ('"H - ̂ 'l) X (/ti - -)

E { S \ PI = G} = V +
1 {WH - Vvl) x (m2 -- ^) + ~ ^ (/-'i ~

Then by defining

fîi = ^ X tr X {vvH - Vvl) x (m2 - ̂ ) + X - i)
Ci = (1 - a) X Jiv

bid, ask and asset payofls are writteu in the following convenient way

rij X fil
Bs — V — Cl + 0 X ijj
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A,.! + -2J^
^i+ax r]i

E {v \ PI = B] = V - - X
a

E{v\PI=-G} = v+-xÇli
a.

3.10.2 Appendix A.2: Bid and ask on the option market

Case Vu < K < vvh
The option bid (ask) is the expected option value, couditional ou the arrivai of a sell (buy) order:

Bp=E{{K-v)+\sellp} (14)
Ap = E \^{K — \buy (15)

where [K — il)"'" = Max {K — û;0}. Theii (14) is developped as follows

Bp = {K — vvl) X P{d = OvL I sellp) + (K — vp) X P{9 = dp \ sellp}
+(A — Vf{) X P {9 = 9f{ I sellp} + 0 x /-"{S = Oyfp | sellp} (16)

Although there are four states of nature {vyp, vp,VH,vvh}, the spécifie option payofî makes that the last
term vanishes. Indeed K is bounded upward by vyfj. We need the strict inecpiality vp < K so that there
is no arnbiguity regarding {K — vp)'^. Under the assuinption that the inarker-inaker acts as a Bayesian
agent, each tenu Tl*} can be viewed as the market maker posterior belief regarding the underlying state of
the nature. The market maker has a prior b(;lief and this one is modified according to the incorning order.
The proportion of non-informed (informed) traders on the option market is 1 — r)y (1 — 7/,). Like in the
stock market, we posit that half of the non-informed in\'estors buy the j^ut. Then the three probabilities
in (16) becoine

Pie . 9,-1 I sellp) = i-tL- ") Ml - .,„J + » X (1 - ,„) X (1 - ,,,)
2 X [(1

P{9 = 9p I sellp} =

- a) X (1 - 1],;) -h « X (1 - rji)]

1 X (1 - a) X (1 -??y) + a X (1 -T/J X (1 - pj
2 X [(1 - a) X (1 - ijpr) -h a- X (1 - ri,)]

1

P{0 = Off I sellp} = "1 X (1 - a) X (1 - 7]^) + a X (1 - 7/^) X
2 X [(1- a) X (1 - riy) + a X (1 - 77^)]

P[9 = OvH I sellp} = ■è X (1 -«) X (1 - rip) + ax{l- rii) x
2 X [(1- a) X (1 - ijp) + a x (1 -77^)]

By plugging the results in (14), we obtain

B = p - 2 ^ ^ (1 ̂  dl) X [(A" - vyp) X (p.2 - 4) + (VH - Vl) x ipi - è)]^  (1 - a) X (1 - r/p) + a x (1 - 77,)
with P = (1/4) X (3 X K — Vyp — vp — vp)- Following the saine approach, the option ask is given bv the
following formula

^ ^ è X g X (1 - 77,) X [(A' - t'v-7,) X (/tg - |) + (cfl - vp) x (/(.^ - 4)]
^  (1 - (-») X (1 - r]p) + g X (1 ̂  Tji)

dApIt is easy to see that —— > 0. The greater the strike, the more valuable the put so that the MAI sell
1 - 1 •it at a higher price. Like in the stock market, the ai'erage between the bid and ask is the unconditional

asset value.

128



Frorn an inforined trader perspective, the final value of the option is its expected value conditional on
tire private information she holds. If signais are low (higli), the final value is expected to be E{{1\ — v)'*~ |
FI = B}. By developing the former terni, we obtain

E{(K - v)+ iFI = B} = (K - vvl) x B{0 = Ovl \ PI = B}
+ {K - vl) X F{e = et\PI = B} + {K - vu) X P{9 = 6»/^ | P/ = B}

Using Bayes' law again, we have

E{{K - ù)+ \ FI = B} = X [{K - Vvl) x /i2 + {K - ul) x + (1 - pj x {K - uh)]

which eau be rewritten

E{{K-v) \ FI = B} = F +
1 {K - vvl) x (p2 - |) + {vH - vl) x (pi - i)

We also obtaiii

E{{K^i) \FI = G} = P-- (K - Vvl) x (P2 - ̂ ) + {vH - Vl) x (p^ -
in a very siinilar way. By defining

m  1^^2 = ^ X " X (A' - Vvl) x (p2 - ̂ ) + (vh - vl) x (pi - i)
we have

Bp = F-
(l-Vr) X

Ca +« X (1 -7/^)

(1-Vi) X «2Ap -P + ^ ^ ^

E {(A' - ù) I FJ = 5} = P + i X
P {( A - è) j P/ = G} = P - i X ffi

Case vp < K < Vu
Due to tlie non-linearity in the put payoff, the formula changes. By setting vp < K, we guarantee that

Max{K — vp\ 0} = A" — vp.

P(P) = (K - wl) x E{0 = 9vl I sellp) + (A - vp) x E{9 = 9p \ sellp)

Ap = (K — Vvl) x E{d = 9vl I buxjp} + (A' — vp) x E{9 — dp \ buyp}

E{{K - v)+ \FI = B} = (A - wl) x F{9 = Ovl I PS = B} + (A -vp)x F{9 = 9l \FS = B}
E[[K - ù)+ I P/ = G} = (A - wl) x P{9 = Ovl \PS = G} + {K - vp) x F{9 = 9p \FS = G]

The imconditional asset value also changes, it becomes: F = (1/4) x (2 x K — vvp — vp). By followiiig
the same steps as in the préviens yiart, we obtain

Bp= F

Ap = F

4 X fv X (1 - II,) X [(A' - vyp] X (p2 - ̂ ) + (A' - vp) X (p^ - ̂ )]
(1 - a) X (1 - îjpr) + a X (1 - Tjj)

è X g X (1 - p;) X [(A' - Vvl) x (y-, - 4) + jP' - vl) x (pi - ̂ )]
(1 - g) X (1 - ripr) + g X (1 - r]/)
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E {(/i - v) \ PI = B} = P + -

E{{K-i) \PI = G) = P--

{K - vvl) X (/^2 - 5) + X (Mi - \)
{K - vvl) X (m2 - - ■^i') X (Mi - 5)

By defining

we have

Çli — - X n X (K - vvl) X (/t2 -\) + (K - vl) X (mi - 5)

Bp = P-

Ap = P +

(1-rjj) X
Ca + ax (l-r?|)

( 1 ~ '//) X r?2
C2 +« X (1-7?;)

1E {{K - v) \ PI = B} ^ P + - X m
a

E{{K-v) \PI = G} = P--x ni

Case Vvl < K <vl
Bp = (K — Vvl) x E{9 = Ovl \ sellp}

Ap = {K - Vvl) x E{9 = 9vl I buyp)

E{{K - v)+ \PI = B} = (K - wl) x P{9 = 9vl \ PI = B}
E{{K - v)+ I PI = G'} = (K - vvl) x P{9 = 9vl \PI = G}

retuniiiig

Bp = P-

Ap = P +

^ X g X (1 - 7?;) X [(A' - vvl) x (/22 - k)]
(1 - g) X (1 - rjv) 4-g X (1 - 7?;)

^ X g X (1 - 7/;) X [(A' - vvl) x {f.i.2 -
(1 - g) X (1 - 7?;;) + g X (1 - 7?;)

with P = (1/4) X (K — i'vl)- Likewise

E{(K-I) \PI = B} = P+-

E{{K-v) \PI=G} = P-

{K - Vvl) x (a<2 - ̂ )

(K - Vvl) x {^l2 - -)

By defining

we have

= - x g x

Bp = P

(K - vvl) x (/72 - ô)

(l-7?;)xni
C2 + a X (1 - 7/;)

(1 - 7?;) X niAp = p+-
G, + g X (1 - 7?;)

E{[K - v) \ PI = B} = P + - X ni
a

E {(A' - v) \ PI = G} = P - - X ni
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The three cases provided Section 3 Subsection 4 follows. The put bid/ask spread Ap = Ap — Bp is

2 X (1 — rjj) X
Ap = Ço + a X (1 - T)j)

dAp
doc > 0 gives

2 X i X (1 - r/;) X ni 2 X (1 - r/j) x x [rj^ - t]^)
>^2-\-ax {1 -T]^) X (1

After rearraiig(!nieiits, tliis expression collapses to 1 — > 0 wliich is ahvays verified. < 0 gives

2 X xni
>

2 X Q X (1 — r/;) X ^2
^2 + a X (1 - T]i) Q X (1 - T][)]'

which collapses to ^2 > 0 after few algebra. Hence, if more informed traders prefer to negotiate on the
stock market, it liraits the informational asymmetry in the option market, and MMs displays narrower
liid/ask spread,

3.10.3 Appendix B.l: Equilibriurn when informed traders equalize their prof
its across markets

This appendix shows how to deri^'e the equilibriurn value 7/; uiider the assumptioii that informed traders
seek to maximize expected profits. If the expected profit is higher on one market, ail informed investors
negotiate on this market. This is the separating equilibrium (Easley et al., 1998). A pooling equilibriurn
(i.e. informed transactions on both markets) emerges only if expected profits are equals across markets.
Exjrected profit dépends on the signais observed. If signais are "good", the condition is:

E{v 1 PI = G} - As = Bp- E{(K - v)+ \ PI = G}

By replacing bid, ask and expectations by their respective values, we obtain:

_  1 ^ '/f X filu H X fil — (u + — pr
a  Cl + Q X

= pj - (1 ~ vf) X fi2
C2 + " X (1 - rif) (PJ --xfli)

that is;

that is:

X fil X (^1 + g X rif) - 7]f X fil _ T X fî  X [^2 + « x (1 - rjf)] - (1 - yf ) x fî
C2 + a X (1 - Tjf)^1 + O X T]^

— X fil X (^1 + g X Tif) — Tjf X fil X [^2 + " X (1 -?;?)] =

X fî  X [^2 + « X (1 - 77^)] - (1 - V?) X fig^ X ($1 + g X ijf)
where j dénotés the strike position with respect to underlying values (case 1: vp < K < vyp, case 2:
vp < K < vp, case 3: vyp < K < vp). The équation to be solved is quadratric in Indeed, it can be
vvritten as follows:

vit h

.4 X (i/f ) + S X 7;f + C = 0

A = g X ^fi^ - fil j + g^ X r-*
P = g X F X (-g - .^2 + si) + f^i X (^2 + «) + X (^1 - g)
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C = Cl X [-P X (C2 + a) -
The System collapses to something very easy to solve, since fîj ~ ̂ 1 = ^ T-' Vj, whicli returns A = 0.
We obtaiii the followiiig solution:

G*_^ix(f2i + r^xe2)
Vi =

^ Cl + ̂ 2 X C2
with

ri = i X
= I X

pli = I X
0-2 = è X a X
fij = I X a X

= I X a X

(^VH A) X [f.l2 2)]
(vv'H - A') X (P2 - 2) + X (Mi - 5
{VVH - A') X (/t2 - i) + {VH -vl]x (a«i - 5)

(A' - Uv'l) X {flo - è) + (î'H - '"l) X (Pi - i)
(UVH - A') X (/12 - |) + (UH - A') X (Pi - i)
(fv// - K) X (P2 - 2 ) + - î-'l) X (/ti - 1)

Wlieii signais are "bad", the pooling equilibriuin condition becomes

Bs - E{v \PI = B} = E{{K - v)+ \PI = B}-Ap

By replacing bid, ask and expectations by their respective values, we get

Cl + a X r/Y ' a

After some rearrangements, we finally obtain

C2 + a X (1 -rif)'

^ Cl X (»i + P X C2)
''' Oi X c, + ni X C2

When informetl investors niaxiinize expected profits, jff* = r/f*. One can easily note that yf* and r]f*
are equals whatever the strike value. Since jCi, C2. ^i» ̂ 2' | are ail defined positive, we have r/f* > 0
and 1]^'* > 0. Given this solution, one can dérivé the equilibriuin bid/ask spread as follows:

BAs = As — Bs — [2 X ijj x fii)/(Ci + a x iji). After plugging the value for 7]f*, it collapses to

A6. = 2x(ni + rxC2)

In a very sirnilar way, the bid/ask spread of the option is given by

Ap = 2 x (n2 - Cl X F)

Finally
As — Ap = 2 x r

3.10.4 Appendix B.2: Equilibrivim stability
Tins is a Nash equilibriuin if the equilibriuin is stable with respect to a unilatéral déviation of one of the
game piarticipant. The inforined trader lias 3 [lossible stratégies: (i) Do not trade, (ii) trade following the
signal she observes, (iii) trade against the signal. Not trading generates a pirofit equal to zéro.

When the jjrivate signais acquired by the inforined traders indicate bad news, trading according to
J-xS2|the signal generates the payofî' Bg — E{v \ PI = B} = ^ +nxT]','

trades against her signal, her payoff is given by E{v \ PI = B} — As = _ ^ which is
S 1 I ^ ̂

a négative amount. Note that it is not necessary to plug the value of i;f* into the previous équations.
This qiiantity is positive, as well as {a, Ci.Oi}. On the oiition market, trading according to the signal

jîY- which is a positive amount. If she

+rv X
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generates E{(K -v)'^ | PI = B} - Ap = g, while trading against the signal generates
Bp - E{iK - v)+ \PI = B} = which is négative.

Now consider the second scénario: Signais are high for the inforined traders. In that case, negociating
according to the signal generates the payofî E{v \ PI = G} — ; which is a positive amount.

If she trades against lier signal, lier payofî is given by Bs — E{v \ PI = G'} = _ 'r , which
is a négative amonnt. On the option market, trading according to the signal generates Bp — E{{K — 1
PI = G} = g while trading against the signal generates E{(K — v)~^ \ PI = G} — Ap =

-L xni x^.,+2 xn.'j X (1— . . . . .
V-f—,, ^ t ■. .— which is négative.î.^+ax(l- r/y ' ) ' t.

3.10.5 Appendix C.l: Eqiiilibriuni when informed traders eqiialize their re-
turns across markets

An ini-estor is indiffèrent between trading the stock or the option if the expected returns is the saine on
both market. To assess how the pool of informed traders splits across trading venues, expected returns
are ecpialized. \Mien signais are low, the payoffs from short-selling the stock is equal to the profit from
buying the put. Returns are obtained by divided each payoff by the capital engaged by the trader. For a
stock purchase, this is below the full asset value (ms x Bs) while this is the full proceed {Ap) in case of
put bu}'. Formally, returns equalization gives

B,-E{v\PI=B} e{{K-v)+\PI = b}-Ap
riis X Bs Ap

That is

n>,c,x(v ZlLiSEï—) (1—ï/j)xlH
G2 + a X (1 - rii)

Which yields, after some algebra

B* : Ol X X A
Vi - " ' "X fil X B + G2 X ^2 X G

with

A = B^' + i X 0^ + i X ^2 X (B-' - ms X v X
B = BJ + i X ni
G = ms X {v - A X ni)

The condition that guarantees a mixed equilibrium to emerge is rif* g]0: 1[, that is if B-' + ̂  x fîo >
^ X ^2 X (m.y X û X - P^) and fîi x x (A — B) < ^2 x x G.

When signais are high, the payoffs from buying the stock is equal to the profit from selling the (naked)
put. For a stock purchase, the capital engaged by the investor is nis x As while selling the put requires
the maximum between the two values rrqpj x E {è j salep} — (E {è | salep} — A')^and m.p x K according
to the CBOE rnargin calculator. Formally. returns equalization gives

E{v I PI = G)-As ^ Bp-E{{K-v)+ \PI = G}
rris X Ab max {nip x E {-è | salep} — [E {è | salep} — /v )+; nip x A'}
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Using Bayes' law, we obtain E[v \ salep} — v + ' rewritteii v + (f> for coiivenience. We
know that r/i > 0 siiice {a, r/j, fîi, ̂ 2} defined positive. Woreover, we fiiicl that (/> < 1 is valid for
varions combinations of {a, 7/;^, fi 1, ̂ 2}-

In a first step, let's assume that K < v, so that û + </> > A'. The margin requirernent for selhng a put
becornes max {A' — (1 — nip) x (v + (li)-,7nK x A'}. x K is the initial margin requirement if

AT — (1 — rrip) x {v + (j)) < niK x K

that is

v-\- (!>> \— X K (18)
1 — m p

A sufficient condition for (18) to be valid is h > x K. Hence, the right margin requirement is
ni/i X K uuder the area vyp < K < vp and vp < K < x v. Note that under CBOE margin rule,
the last expression is vp < K < ^ x v. When the strike is contained in these two areas, (17) becornes

E{v\PI = G}~ A(5) -E{{K- ù) \PI=G}
m s X A(c;) rrip X K

That is

(û + ̂  X fil) - (v+ [p - - (P - ̂  X Qa)
x(v+

V  ïi+axr//y

Aftcu' several st(q>s of calculus, we finallv obtain;

p  X A X A
Vt = ^X fil X P' + ̂ 2 X fi^2 X G'

with

A' = riip- X A" + i X ^2 X (77?,/,- X K - rns x û x §^)
B' = 7n/v X K
G' = nis X (n + i X fil)

Now let's assume that K > v+4>. The initial margin requirement becornes max {7n(p) x (îï + (p);mj^ x A'}.
777(p) X (v P (j>) is the right margin reciuirement if

m P
X (n + (p) > K (19)

niK

Hence, r7i(p) x (û + <j>) is the right margin requirement if K if Ijountled by v + (/> and x (v + //>).
Considering the CBOE margin calculator as the reference and given that çf) < 7, we can reasonably set
the area to be û + 7 < A' < 2 x û + 2 for convenience. Then, we define {vvp,vp,VH^vy/i} so that
■y+ 7 < vp and oyp < 2 x v + 2 always hold. Hence irifp) x (î' + à) is the right margin requirement under
■y + 1 < A' < vp and vp < K < vyp. Then (17) becornes

E {ù \PI = G}- .45 _ Bp-E {{K - v)+ I P/ = G}

That is

nis X As nip X (y + E {ri | salep})

(v + \ x fil) -{v+ \p ~ 1 _ (p _ i X fi.2)
vis X ry + nip X [y + i]

V  îi+ttxr?'// n ^,^pay(l-Vi) \
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After some algebra, we finally obtain

^  fil X f| X A"
V? = i^xQiX B" + $2 X ^2 X G"

with

A" = rnp X (v + A X no + i X îi X ^2 X {mp - ms x
B" = rup X (îi + i X fil)
C" = nis X (û + ̂  X no
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4.1 Introduction

"Ironically, infomiation on the 'true cost' of options is already available in

the footnotes on employée options that ail public cornpanies are required ta report,.

Many users oveiiook these footnotes or do not regard theni as a usefal source of

infounation."

Froin Ohl (2000), director of PriceWaterhouseCoopers'^

Since 2006, the Firiancial Accounting Standards Board requires US coinijanies to ex-

pense employée and execvitive stock-options'^ (ESOs) at the time of grant. Given that the

value of a stock-option dépends, among others, on the firin's future dividend payments,

any firm that grants stock-options must provide an estimate of its future dividend pay

ments in the 10-K financial stateinents. It is unclear what is in a firrn's best interests in

that regard and the Avide dispersion in effective dividends versus disclosed dividends across

firms suggests that différent firins folloAV différent principles. First, an overstaternent of

the dividend yield may be done on purpose by the managerial team in order to coiiA'ey

information to iiiA-estors. Alternatively, tire o\-erstatement can coine froin a vvill to reduce

the perceiA'ed cost of stock-options. Third, providing an untriased estimate could establisfi

or maintain a réputation for being truthful. Hence, there are (at lecist) three alternative

motives for reporting on dividend yield: Informaticrn révélation, managerial opportunism

or accuracy. Ttie purpose of this paper is to provide evidence on the degree of report

accuracy of the dividend yield and the objectives underlying an inaccurate reporting.

We propose a new methodolog}-' to rneasure report accuracy. Our method is based

on 10-K and 10-Q files that are publicly aA-ailable, and can be replicated by analysts and

auditors. SeA-eral studies (Hodder et al., 2006; Johiiston, 2006; Aboody et al., 2006; Bartov
'  TUis îs froin Hirslilcâfcr aiui Tcoli
'' An eiiii>I()y(;e stock option is a call oj)tion tliat ^iva's thv. fioldcr, ciiipioycc or cxccntivi^, tlni riglit, but lujt the ohli>j;a.tiou,

to huy sharcs of thcir coiupaiiios for a fixcul pri(a> (the strike) duriiiy; a spetâtied pcriod of tiine. ESOs hav(^ h^atures
that iiuike thern vcry difterent of puhlû'ly traded Ancrican ojitiiais. ESOs are uot transférable aii<l impose tiriie to wait
beforc the possil)ility to «îxercisti tlie option (the vf^stiiifi; pcriod). This perioii is set up to alij^n «'fîort with çoinpmisatioii
and pKîveiit from early stratijf^ic exiircise if the stock price is tcinporary high for varions reasous ndated ti> inarket
athivity. Once the viîstiiig" piiriod is einhid. the holder t:an (exercise th(! oi)tion at any time uiit.il maturity. This leads to
the physical delivery of the stocks by dilutinj^ the capital. Stock buybacks following for fut,un? delivery is another way
to [iroihKîd.
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et al., 2007; Blacconiere et al., 2011; Choudhary, 2011; Bratten et al., 2016) analyzed the

accuracy of the reported dividend yield. However, these papers compare this yield to a

single measure while the flexibility allowed by FASB guidance indicates that there is no

clear specified rnethod of measnrement but rather a range of possible benchrnarks.'' For

every observation in onr sample, we compnte 13 dividend yields. These yields ail respect

FASB guidance and are acceptable measurements for an auditor or a hnantâal analyst.

The minimum (maximum) of these measures is selected as a low (high) bouiid to detect

under- (over-) report. By doing so, our methodologj^ is robust to the heterogeneity of

méthodologies across hrms.

Using a sample of hrms unique firms that have granted ESOs between 2006 and 2014,

our methodology returns a proportion of fair report at 90.7%, of underreport at 4.3% and of

overreport at 5.0%, representing 1,283, 160 and 184 unique hrms, resi)ectively. We provide

evidence that private information held by managers and variables measuring managerial

opportunism bring information to explain the likelihood of biasing the footnote dividend

yield over reporting an acxnirate hgure. In addition, a measure of corporate governance

quality is negatively correlated to the likelihood of underreporting and the amount of audit

fees paid by the com{)any to the audit hrm is positively correlated with the likelihood of

providing a fair report, suggesting that a higlier degree of audit effort leads to more acxmrate

footnotes.

Fields et al. (2001) argue that the choice of specihc accounting niethod may play a

central rôle in the way managers disserninate private information to investors. The idea

that the ESO pricing parameter reporting can be a way to convey superior information bas

been suggested by Hodder et al. (2006). Insiders have more information than investors

about their future prospects and a dividend projection may convey information to the

market.^ To test this information révélation hypothesis, we quantify the prédictive power
Ft)r iii.stanrF. a taiiupaiiy can compulc a liistoiit al of the dividciul yield. L'iulcr tliis approac.h. the coiiipany
has diser(!tion for tlie seleetion of tlie tiine wiiidow. Tliere is also m» elear indication of whiclt stock price siiould Ije
s(;l(H:ted as hencliniark t.o (U;riv(; the yield. Tin; niarktd price at tiine jurant (i.e. th<; t)pt.ion strike i>rice) is at;c(^i)tabl(y
the end-of-(iuart(!r or etul-of-year stiK'k price too. See the docunient SFAS I23(r) issned by the FASB in 2004 for mon-
d(4ails on this fl(!xibility.

'  Finiis eau of course fonnally aunouiice chauf^(!s in future dividend paynients. Howevcu-, formai dividend announcemeiits
commit the firm in a way that a di\"id(.uid input for stock-options valuation dotîs not. Thertdore, finiis which ar(î
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of the disclosed dividend yield on the one-year-ahead effective yield, in level and growtli.

Then, we assess whether différences in reported dividend yield accuracy across finns are

explained Ijy différences in future performance and growtli opportunity measures.

Tfie alternative view to information révélation is managerial opportunism. Granting

ESOs dilutes earnings per share (EPS), as opposed to basic EPS. Tfiis attributes negatively

viewed by analysts and investors. Moreover, excessive stock option granting bave been

under heavy criticisni a decade ago. A ret:ent study by Kuhneii and Nielsen (2012) shows

that stock options have a bad réputation among regulators and the press both and option-

Ijased plan award is the component of executive comi^ensation that is the most associated

with négative press coverage. We posit that overreporting the dividend yield rnay be

optimal if compensation practices are scrutinized by shareholders, the média, politicians

or the firm's employées, as hypothesized by Jensen and Murphy (1990), and if managers

want to dissimulate the real cost of their compensation, as hypothesized by Bebchuk

and Fried (2004). If such managerial objectives exist, the manipulation of dividend yield

should be positively associated with analyst coverage and excessive compensation.® The

likelihood of inaccurate dividend yield report should be statistically correlated with these

two variables.

Reporting a fair dividend yield, that is a yield viewed as acceptable by the FASB

guidance, might also be an objective. The corporate governance, as well as the audit

firm might act toward accurate report, so that a manipulation of the reported dividend

yield by the managerial team is not possible. Tins disciplinary effect is tested two-ways.

Following Core et al. (1999) and given the recent findings of Nguyen and Nielsen (2010) and

Arrnstrong et al. (2015), we proxy for corporate governance quality by the proportion of

independent board members. Information on audit fees amount is collected and connected

to the accuracy of the dividend yield reported. To the best of our knowledge, assessing

tiiictirtaiu of t.h(iir ability to pay liigh(a- tlividcaiils Ixit wliich ncvcrtlKilcss (bxpcHT to Ix; abl(î ilo so o.ould iiso tli<i
dividend inpnt to signal this iiifi^ruiation to investors.
Abooily et al. (2()()6) find (ïvidenet! that, t.hv manipulation of ESO prieing paranietcrs is relatcd to (;xe(!ssiv<! conipcnsation.
Wc r<'Iy »)n th(ûr approaeli to dérivé a rneasur<' of exeessivc; eompiutsation. Measures t)f excessive compensation are also
deriv(>d in Vermack (199?! ) and in Core et al. (1999) with CEO characteristics as additional regressors.
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whether or net the qualitj'' of the audit process spans footnote information has not been

investigated yet. We predict a positive relationship between these two variables and the

précision of the dividend yield reported.

Multinomial logit régressions are performed to identify which objectives are followed by

the firms. Thus, report accuracy is regressed against forward-looking information on the

firm fundamentals, variables related to nianagerial opportunism, scaled audit fee amounts

and the proportion of independent board members. To guarantee the reliability of our

findings, a large set of control variables is included in the régression, as well as year and

industry dummies.

Among the three efîects tested in this paper, we find strong evidence in support of the

information révélation motive. Low Tobin's Q and low total Tobin's Q are strongly associ-

ated to the risk of underreport while large decreases in the operating risk favor overreport

risk. These results differ from Choudhary (2011) that rejects the information révélation

hypothesis. Managerial opportunism reçoives moderate evidence; Analyst's coverage is

strongly asso(;iated with und<;rrei)orting, suggesting that the comi)anies the most exposed

to analyst scrutiny are more likely to bias the dividend yield downwardly. Howe\'er, we

find no link between excessive compensation and overreporting risk. Third, a higher pro

portion of independent directors on the board is associated with less underreporting while

higher audit fees are associated to less overreport. Ail together, our findings suggest that

information révélation objective, nianagerial opportunism and disciplinary efl'ects are ail

présent in our data and influences the relative likelihood of underreiiorting over a fair

report the footnote dividend yield.

Section 2 introduces the three chaimels driving the dividend yield report accuracy

(information révélation, nianagerial opportunism or disciplinary effects). Section 3 présents

methodology and data. Results are reported Section 4. Sec:tion 5 concludes.
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4.2 Confronting différent approaches

4.2.1 Can the footiiote dividend yield be inforinative?

Historical experience is generally the stariing point for developing expec-

tations about the future. Expectation,s based on historical experience .ihould be

rnodified to reflect ways in which currently available information indicates that

the f uture is rexisonably expected to differ from the past. The appropriate weight

to place on historical exg)erience is a matter of judgrnent, based on relevant facts

and circumstances." (FASB 2004, pp. 43).

The Black and Sdioles (1973) option pricing formula for European call options requires

a volatility rate, a risk-free rate and a dividend yield that are supposed to hold for the ma-

turity of the option, that is they are expectations regarding future realizations. In practice,

it is proxied by liackward-looking estimâtes. For the dividend yield, the usual approach

consists of selecting an average value or simply the rnost recent realization. In selectiiig a

dividend yield to price ESOs, managers have an opportunity to disclose a forward-looking

dividend yield rather than an historical-based one, conveying new information to share-

holders. The idea that rnaiiager's discrétion provides important information to the inarket

takes root in Rees et al. (1996). They consider the possibility that manager do per

manent asset impairment to provide signais to investors. They conclude that managers

are responding to changes in économie circumstances rather that acting opportunistically.

Fields et al. (2001) argue that the choice of spécifie accounting method may play a central

rôle in the way through which managers (better informed) disserninate private information

to investors (less well-informed). The private information is about magnitude and risk of

future cash-flow.

Hodder et al. (2006) are the first to apply this perspective to footnote information, and

find evidence that subséquent changes in operating risk are related to accuracy for firms
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that overreport ESO fair values. Shareholders could interpret the footnote divideiid yield

as an implicit coinmitment for the future dividend payout policy. Herice, a inanagerial

team must be aware of possible interprétation when setting the dividend yield.''

We hypothesize that a inanagerial team can convey superior information on purpose,

by setting a yield that difî'er significantly froin historical patterns. In the short quote

placed above, that FASB indicates that déviation froin historical benchmarks is justified

if executive have information that suggest a break with respect the past payout policy.

Regarding the fact that insiders have private information about future cash flows, the

footnote dividend yield (FDY hereafter) niay reflect, to some extent, this private informa

tion. If an upward (downward) change in sale level is anticipated, the FDY should reflect

the upcoming changes, being higher (lower) than what historical effective dividend yields.

As indicated by FASB, this is fully justified. This leads to our first hypothesis:

Hypothesis 1 ; The reported dividend yield in the 10-K footnotes conveys new information

regarding future dividend iia^mients and cash-flow stixiarns.

4.2.2 Managerial objectives

A natural alternative framework to the information révélation channel is managerial oi>

portunism. This idea that managers use discrétion to increase their own compensation

was iiioneered by Healy (1985). He argues that managers choose current discretionary ac-

cruals to maximize both the current period bonus and the expected value of next period's

bonus.'" Because executive pay is a cost for the company, it might be interesting for the

manager to hide, rather than increasing, the value of their compensation. One way to do

so is to undervalue the options. Yermack (1998) and Aboody et al. (2006) find a positive

ti»r instance, IBM disrlose the fulli iwiiiti; stateiueuts în the footnotes, for the fiscal ycmr 2010: EstimaU-s of fait valur arr
not intcn.d( d to p■ n.di.ct actual. future cvc/iit.'i or the valm: ultimati'.ly re.alized by ein.ployt.e.s xrho rev.v.i.vv. e.quity uiuards, and
tiuhse.que.nf evcnts o-rt: iiof indicative of the rca.sonahlcnetis of the oriqinal ctffirnates of fair value inade by the company. '^
it seeiiis tliat IBM managers are worried al)Oiit the potenthd interpretatiori of tin; reported dividend yhdd hy investors.
See, amougst others, Gaver et al. (1995), Holthansen et al. (1990) and Guidry et al. (1999) for subscipient (mipirieal
researches.
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sigiiificant statistical association between ESO uiidervaluation and the excessiveness of ex

ecutive coiiipensation. Everything else being equal, the greater the excess compensation,

the greater the managerial incentive to manipulate the FDY. This leads to our second

iiypothesis:

Hypothesis 2a: Companies providing an excessive compensation to their CEO have a

stronger propensity to manipulate the EDY to hide the true value of CEO comixuisation.

Managers might be also willing to dissimulate the real cost of their ESOs if the company

is under the scrutiny of média and analystsd' Dechow et al. (1996) show that lobbyism

against the expensirig of ESOs, especially corning from the IT industry, arose due to the

public scrutiny toward executive compensation. If the aniount of ESO granted impact the

negativity of the informational content of analyst and press reports, managers might be

willing to manipulate upward the EDY to dampen the weight of ESOs in total compen

sation. We expect a positive relationship between média exposure and overreporting the

EDY. Eormally,

Hypothesis 2b: Companies under wide analyst coverage have a stronger propensity to

manipulate upward the EDY in order to hide the true value of top executive compensation.

Bebchuk and Fried (2004) daim that wider analyst coverage can bring more attention

to the excess pay and more criticism to the managers. Consistent with this idea, we should

also find a positive corrélation between compensation excessiveness time analyst coverage

and the extent of FDY manipulation. Eormally,

ESOs hav(^ bad n'put.atiou aiiiont!, shandioldors and in prcss. First, i^raiitintc st*H;k options inducas a fnturo dilntion of
tho t ajntal. wliich is not in tlic intcn^st of tho curnnit sliarclioldors. Second, bad réputation of ESOs in the i)ress
has been confinned. Core et al. (2008) aiialy/e th(^ tone of thoiisands of articles related OEO coiiipensation and show
that netiative press coverat^e is associated to lart>;e option exercises. By niodclliu^" the dyiiainic tuidot^eneity bctwetui
c(.)inp(^nsation composition and press thfvcrage. KIiuikui and Ni<îLs(m (2012) put in (^vid(mce that stt)ck options is tin;
inost criticized coinpommt of executive conipcuisatitni. C<uisistent with Weisbach's (2007) pnhlictiou, companies tend
to reshape the compcmsation package, put.ting more wiàght on conipommts not critici/ed veiy lauch in the press and
less weight on the most criticized forms.
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Hypothesis 2c: The interaction term between executive coini)ensation excessiveness and

analyst coverage is positively correlated with FDY npward manipulation

Interestingly, hypothèses 2b and 2c might not hold for two reasons. First, the analyst

coverage rnight have a disciplining rôle on the management team, providing incentives to

report more accurately. Second, analyst coverage could also provide incentives for being

prudent, in which case there are incentives to manipulate downward the dividend yield.

4.2.3 Disciplinary forces

Companies put in place mechanisrns to foster truthful reports instead of opportiinistic dis-

closures. It implies that the dividend yield should be more in line with historical patterns

when internai or external controls are enforced, limiting overstatement or understatement

risk at firm-level. The corporate governance and the audit firm could represent the inter

nai and external t:ontrol, respecdively, and governance and audit quality could influence

reijort ac.curacy. Aljoody et al. (2006) use the cori)orate governan(.:e quality as a control

variable and find that it is negatively significantly correlated with the estimated value of

options and conclude that weaker corporate governance resuit in more biased option \-alue

estimâtes. Their resnlt suggests a positive association between cor])orate governaïK^e and

report accuracy;

Hypothesis 3: The governance cjuality is expec:ted to be associated positively with the

likelihood of reporting an accurate FDY.

The connection between audit quality and the accuracy of ESO pricing parameters

lias received little attention. Blacconiere et al. (2011) find that nearly 30% of financial

statement audited by Ernest & Young include of statement questioning the reliability
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of fair value information.^^ Hence, an complété auditing process is supposed to include

ESC) fair \-alues and the associated pricing inputs. More accurate; reporting involves more

auditing effort, and more auditing effort will lead to higher audit fees. Tliis suggests a

positive association between audit fees and footnote information accuracy. Thus;

Hypothesis J^\ The audit fees amount is expected to be positively associated with the

likelihood of reporting an accurate FDY.

4.3 The manipulation of ESO pricing parameters

4.3.1 Prior stiidies

Despite the existence of authoritative guidance^^, therc is space for managers to select the

dividend rate, the volatility rate used to price ESOs. These parameters are sujjposed to

reflect somc expectations regardiiig future realizations. How(;ver, the niost recent real-

izations of these rates are used as proxies for forward-looking measmes, in pratdice. Eor

instance, the volatility may exjjerience différent régimes over the period the last 250 days

while it looks stable over the last 60 days. The sélection of one window over the other leads

to différent estimate of the historical volatility, which in turns results in différent ESO val-

uations. Différent estimâtes can also be driven by the preference for implied volatility over

historical volatility. There are also différent ways to estimate the dividend yield; Managers

can opt for the closest past dividend yield or a n-year a^•erage. Dividend payments are

usually persistent over time but if the last cash dividend payment is abnormally high, fol-

lowing exc:eptional (^arnings for instance, selecting the most roc:ent dividend i)ayment or an

12 Bnirttdi et ni. (2016) stmiics rlic impact of «mgaging a iu)U-Big Four aiulitor on the (llffenuiccs iMitwccn tlic r(!poit(!(l
values of ESOs and tlie l)(mcUinark values. Tliey obtain a signifieantly i)ositiv(^ association. However, tUev do not.
analyse the influence on (mch ESO pricing parameter sei>arately.
The SFAS 123 report issued hv the FASB is introtlueed in lOOô ami the reforin SFAS 123) r j takes i.)la.ce in 20{J.j. Under
SFAS I23(r), all coini>ani(^s are nhpiired toexi)cnse the fair value of ESOs. Bt^fore it, th(\ exptnise is donc on a voluiitary
hasis. Ti> avoid any schuditni-hias in our sainpUb our sainple starts in 2000, the flrst year uruha* vviiich a uuicpn^ ruhî
apply for all corporations. For a présentation of t.h(î framework relateil to ESO })ri(ting. see .Iohnst(jn (2000) tU"
Hodthîr et al. \2000). For a stiuly on tlie voluiitary récognition of stock-hased compensations as exp(nises. sc'c Aboody
(•t al. (2003).

145



average as benchmark results in différent option values. Finally, the maturity bas a non-

negligible effect on the option value. Managers niay be willing to exercise discrétion over

inputs in order to (i) rnodify ESO values on jrurpose, this is the inanagerial opportunisrn

hypothesis, or (il) convey superior inforination to inarket participant.^^

Prior research of ESO inputs nianif)ulation does not provide clear evidence whether

managerial opportunisrn or information motivation is dominant. The earliest evidence

of managerial opportunism can be founded in Yermack (1998) who shed light on the fact

that ESO expected lives are vohmtary shorten to reduce the apparcmt value of managerial

compcaisation. Aboody et al. (200G) also shoved that managers use the discrétion in input

choices afforded by SEAS 123 to opportmiistically underreport the fair value of ESOs. The

degree of manipulation is connected to the magnitude of the expense and, to a lesser extent,

to the excessiveness of CEO coniiiensation ''' However, two studie^s support the information

révélation hyj)othesis over managerial opportunism. Hodder et al. (2006) hnd that the

joint manipulation over the four inputs enables companies to underreport their ESOs by

an aniount of $0.16 a share in average. ' ' Howe^•er, they also hnd that a signihc;ant nmnber

of managers use discrétion to incorporate relevant information to make more accurate

estimâtes. Blacconiere et al. (2011) analyze the voluntary disclosure of companies that

disavow the reliability of mandated fair value. They hnd evidence consistent with the

disavowals being informative and only limited evidence of opportunism.

A specihc streani of literature analyzes the behavior of hrms that voluntarily recog-

nize stock option as an expenst; ("recognizing hrms") against hrms that do not ("disclos-

ing hrms"), prior to the accounting régime change in 2006. Johnston (2006) hnd that

' ' The lisk-fnM' rate coiiM l)c tnaiiipnlatPil too Imt FASO 2004 clear; Tlie way procctul is to cxtract the
risk-fr(M' rate frttiii tlto l.'.S. Treasiiry yicld cmvty wliich leavcs iiarrow spacc for iiiaiiipulation. Joiihstoii (2000) fiiids
that there is vcry fcw rnauipulatif)ii ovtn- the risk-free ratt; while Ahoixly et. al. {2000) hnd that tlntrt? is no manipulation
on this ])aranieter.
As Fields (T al. (2()()1) point ont: " ... rcscarchcrs kavt^ not (moîL succoNufnl. on avvvmjo. at distiiif/iiisfiintf botwecn
rnanatjcrial opportunism. sfuircholdcr wcalth JuaiÀmizution. and information inotivation.^^
This evidtuice providers a jiood sui>port to test if the e.aniouflaji;e willing by top nianaj^ers span ESC) j)iiciii}4 paraiaettu'S.
Th(^ iihta that discrcttiouary accotiiitinn choices are related to CKC) c»nnpensatioii and political costs bas receiveil sujiitort
in Dalsani (1008) and Baker (1009).
The manipulation of ESC) pricin^ inputs on other ceuntrhîs is stmliinl in two papers. ESC) trades on t.h<î Htdsinki Stock
Exchauge an; cxaniiuatiHl liy Ikah(;inio et. al. (2000), who Hnd a substantial und(;rvahiation, with an average priée;
diff(;rential of -14.8%. Beclmiarin and Hjortsboj (2009) do not hnd cl(;ar (;videnc(' of uiiderpricing and no evidence of
manipidation in Deninark.
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recogniziiig finns manipulate iiicire thaii firiiis that disclosing firins, for the fiscal year

2002. Choudliary (2011), nsiiig a sainple coveriiig both the pre- and post- SFAS r23(r)

periods, also obtaiiis that ESO valuations l)y recogniziiig firms are more likely to be un-

derestirnated. Using a logistic; régression to estimate the likelihood of recognizing ESO

as expenses, Aboody et al. (2004) fiiid that key prédictive variables are proxies for pri-

vate incentives of managers and directors and measures of political costs. These papers

show strong evidence of managerial opportunism but no evidence of information révélation

motivation.

Our results contrast with these findings. Using a lai'ge post- SFAS 123(r) period and

with a new methodology, we document that information révélation objectives do exist

when c.ompanies report the dividend yield in the 10-K footnotes. Managerial objectives

are présent but evidence are limited. In atldition, we show that discii)linary objectives

exist too. To the best of our knowletlge, we are the first to documient on tins mechanism.

4.3.2 Why do we focus on the dividend yield?

The incentive to manipulate a parameter should increase with the sensitivity of ESO values

to that i)arameter. Given the scrutiny of audit committee and analysts, a managerial

team will presurnably not take the risk of manipulating a jjarameter whose influence on

option valuation is limited. For ESOs, which are options diaracterized by a maturity of

several years, the option price is highly sensitive to the yield used. Prior studies find

evidence that manipulation is exerdsed mainly over stock price volatility.^^ However, we

focus on the dividend yield for two reasons. Eirst, the volatility rat(; is established by

investors depending (ui market conditions, as oj^posed to di\'idends which are chosen by

the firm insiders depending on the firm's ability to generate cash. Hence, from the insider

viewpoint, conve>4ng private information by the channel dividend yield is feasibh" while

this is not the case with the ^'olatility rate sinc-e it is irnpactfxl by varions factors ont of the

insider's control. Second, a connection between the disclosed dividend yield and proxies for

Sci' AIxxmIv (!t al. (2000), .loiihstoii (200G) and Bartov et al. (2007)
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private information on future performance is easily measurable, while linking the disclosed

volatility rate to proxies for private information on future performance varialjility is more

perilous and cliallengealjle. Hence, frorn the econometrician perspective, the disclosed

dividend yield is the best instrument among ESO pricing inputs to assess the information

révélation hypothesis, and confront it to the rnanagerial opportunism hypothesis.

To show that the dividend yield is a key parameter for the firm's insiders, we provide

a sample of 10-K footnotes in Table I. These are c.ompleuKmtary statements disclosed

by the 20 largest dividend payers for the fiscal year 2010. First, oue can observe that

there is an obvions lack of précision in the statc;nients accompanying the disclosed yield:

One could not retrievc the yield based on the statement. Second, there is evidence of

heterogeneity. Some companies rely on historical patterns (like Brystol-Meyers and Merck)

while other mention an expectation (like Wahnart). The comment from Eli Lilly is pretty

ambiguous: " The dividend yield is based on. histovical exj)erien,ce and ou?- estimate of future

dividend yield s". The comment from IBM looks as a warning t(j investors ^'Estimâtes of

fair value are not intended to predict actual future events or the value ultinmtely realized

by employées who receive equity awards, and subséquent events are not indicative of the.

reasonableness of the original estimâtes of fair value made by the company". This shows

that IBM managers seem to worry about the potential interprétation of the reported

dividend yield by investors. They indicate that estimâtes do not reflect future actions and

warn shareholders tempted to see a signaling component behind the disclosed value. Ford

and Verizon use the Black and Scholes formula for non-dividend paying stock so that the

FDY is missing. This is is quite intriguiug since Ford and Verizon are dividend payers.

4.4 Methodology and data

4.4.1 Identifying ESO granters

To identify companies that grant ESOs and report a dividend yield in the 10-K foot

notes accordingly, Compustat files are merged with Exeiaicomp files. On the Execu-
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comp executive compensation file, we sum the options awardecl to officers (item OP-

TION_A\\^RD_FV) to obtain a total value of options granted (TOT_OPT_AW) at

firm level. Then every firm-year observation is matched with the corresponding divi-

dend yield reported (item OPTDR) from the Cornpustat fundamental annual file. If

TOT_OPT_AW is positive while OPTDR is positive or null, the hrm-year observation is

categorized as an ESO granter. If TOT_OPT_AW and OPTDR and both null or missing,

the firrn-year observation is not an ESO granter. If TOT OPT AW is null and OPTDR

missing, the observation is not an ESO granter. For a very small nuinber of observations,

Compustat information is not consistent with Execucomp information. These observations

are deleted.

We identify 440 firm-year observations with TOT_OPT_AW > G and OPTDR missing

and 233 observations with TOT_OPT_AW missing and OPTDR >= G. These observa

tions are removed. The total numl)er of firm-year observations that are identifying as ESO

granters is 7,4GG. Then, the dataset of ESO granters is matched with data from Compustat

(firm characteristics), CRSP (common stocks vs. non-common stocks), BoardeX (board

structure), I/B/E/S (analyst coverage) and Audit Analytics (audit fees). Non common

stocks (ADRs, REITs) and companies operating in the financial industry are removed from

the sample.

4.4.2 Predicting divideiid yields and growths

To asses whether or not the EDY is useful to predict next year's dividend payment, we per-

form a simple régression analysis. The one-year-ahead dividend yield is regressed against

EDY. We C(jntrol for currcnt di-\-idend payment and firm characteristics:

where DVT and MVE stands for the dividend amount paid to shareholders and the market

value of equity, defined as the end-of-year closing price times common shares outstanding.
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is the reported divideiid yield in the footnote (item OPTDR divided by 100). Since is

a yield, we also scale dividend amounts, contemporaneous and one-year-ahead, by market

value of equity. Moreover, the dividend amount paid to shareholders by two différent firms

inight widely differ in magnitude but be close in percentage of the stock price. Hence,

adjusted by the market value of equity limits the natural heteroscedasticity in data. Xi^t,k

is a set of control variables. To control for unobserved heterogeneity across years and

industries, we cornpute two-way clustered standard errors following Gow et al. (2010).^^

Eveil though dividends are remarkably persistent over tiine (DeAngelo et al., 2004),

current dividends are not the best available predictor of next ycar's dividends. The Lintner

(1956) model is a wcll-known approach for predicting future changes in dividend payments.

The econometric model generates a prédiction of ADVTij+i/MVEij,, and we assess if

the FDY, adjusted for the realized dividend yield, is able to predict dividend growth,

controlling with the prédictions and hrms cliaracteristics. Formelly:

= /3o + ,diX
MVE lu [ MVE^, ) (2),,

where

/AT>Fr,,+iy™^ . fVA,r+i , DVT,
V MVEi^r J MVEi^r ^ MVEi^r ^ MVEiy

(3) corresponds to the spécification of Lintner (1956), used in Grullon and Michaely

(2002) and Andres et al. (2015). In a first step, q/s are estimated by time sériés, for each

Company, between 1975 and 2005. Tins allows us to dérivé dividend growth forecasts. In a

second step, the forecasts are plugged in (2) and this eciuation is estimated for the period

2006-2014. To rule ont the possibilité that the results are sensitive to the spécification

adopted in the first step (3), we estimate a model without intercept, as advocated by

S(!V(!riil paprrs dafciid tlia supciiority of this Hpproacli ov(>r paiiol rcf^rassion witli fixrd cffiads. S<a: Piulcrsau 1,2009)
Gow et al. (2010), Caiiioron et al. (2011) or Thompon (2011) for luatlauiiatii'al dotailw.
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Babiak arid Fama (1968):

/ ̂ DVT,,r+i \ ^ ̂ DVTi,r+l . A'/,:,.+i . DVT,,r
V MVEi^r ) MVE.^r ^ MVE.^r ^ MVE,y ^ '

4.4.3 Report Accuracy

A new ineth<jdology is proposée! to assess whether or not the FDY report is accurate or not.

For each cornpany-year observation, thirteeii measures of dividend yields are conipiited.

These measures share a common root: they ail fit with the SFAS 123(r) guidelines and

auditors' expectations about wliat should be a correct estimation. To liave an idea of

the différent méthodologies used to dérivé the disclosed dividend yield, we have read the

relevant paragraphs in the SFAS 123 (r) report and we have analyzed the footnotes of

a sample of consoliilated financial statements. First, SFAS 123(r) does not provide any

spécifie formula to use.'" Second, the statements reported by the companies never bring

sufficient information to be able to replicate the dividend yield reported. it seems that the

methodology widely varies across firms. For some of them, it is based on the market price

at the time of the grant.^^ For others, this is an historical average, with undefined time

length. A sample of these footnote statements are reported in Table I.

Since an exact replit:ation of the methodology at firm-level is impossible, we compute

several yields that could be acceptable "candidates" for the regulator (FASB) and audi

tors. First, the Com[)ustat fundarnental quarterly file is matched with the Execucomp

compensation file. A first yield is computed using the market price at the grant date, the

cash dividend paid during the cjuarter and the last record of common sliare outstanding.

A second yield is computed using the stock price recorded at the end of the (juarter that

précédés ESO grants, instead of the market price at the grant date. Because the historical

patteru of dividend payment is an acceptable estimate, we also comimte five additional

yields: 4-, 8-, 12-, 16-, 20- quarter averages, where the last (juarter of the time sériés is

the one preceding the option grand date quarter. Second, the Execucomp compensation
As nirtit.iDiKul by Choiulliary (2011, pp. 80) Thcrc i.s iio prccLsc uK'.thod of i/Kuisurctru'tif spcrificd in tke antkorif.ativc
gtiidonrc. The absence of a wcll-specificd iHinckinark rnakes if dijfi.(:ult to detv.c.t eriden.ce of opp(n tunisni*\
For 95% of fiiTii-yoar obstavations, this is the strilcc pri(T'.
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file is rnatched with the Compustat aiinual fundarneiital and five new dividend yields are

cornputed usiiig end-of-fiscal year stock prices: 1-, 2-, 3-, 4-, 5- annual averages. The last

computed yield is simi^ly a lag one by one year. This procédure produces a total of thirteen

measures of dividend yields, seven with quarterly data, six with annual data. We believe

that these measures are viewed as acceptable regarding SFAS 123(r) guidance, auditors

and analysts' scrutiny.

For sonie firm-year observations, options are granted at differtait quarters in a year. In

this situation, firms produce a weighted average, or select a quarter as benchmark, ignoring

the others. For instance, if ESOs are granted quarter 1 (price Pi at the time of the grarit

) and quarter 2 (price P2), the finn can dérivé the dividend yield to price ESOs using Pi

as a benchmark, or P2 as a benchmark, or «q x Pi + W2 x P2. How uq and W2 are selected

by firms is not observable so that we adopt a simple rule: When options are granted at

différent cpiarters in a year, we dérivé the first seven dividend yields presented above for

each quarter, with the Compustat ([uarterly file. For a given firm-year obseiwation granting

ESOs, there is underr(q)orting (o\-erreporting) of the FDY when this value is under (above)

the minimum (maximum) computed yields.
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REPORT ACC = 1 if

DIS^DIV_YLD <

min {m:m{EST_YLDi), ...,m.m{EST_YLDr),EST_YLD^, EST_YLDn}

REPORT ACC = 2 if

min {m:m{EST_YLDi), ...,mni{EST_YLDj),EST_YLD^, EST_YLDyi]

< DIS_DIV_YLD <

iirA^{m-A-K{EST_YLD^),nvci^{EST_YLDj),EST_YLD^,...,ESTYLDyi}

REPORT ACC = 3 if

DIS DIV YLD >

max {max{EST_YLDi),msix{EST_YLDr), EST_YLDs, EST_YLDx^}

For companies that grant options once time per year for ail executive simultaneously, we

have no yield variations across quarters so that min(£^ST_VLDi) = max{EST_YLDi) =

EST_YLDi for ? = REPORT ACC = 1 (3) refers to underreport (overreport)

of the dividend yield while REPORT_ACC = 2 defines a fair report. Our method(jl(jgy

requires botli Compustat quarterly files and annual files to be a\'ailable. These docunamts

take sources in the 10-K and 10-Q files that arc publicly a\'ailable. Tins makes OTir aj)-

proach replical)le for auditors and analysts. The 13 dividend yield foiniula are providod

in Appendix A.

To connect report accuracy to managerial oi)portunism, information révélation and

disciplinary effect, a multinornial logit model is employed. Regarding our rneasure of

accuracy [REPORT ACC), taking three values (i = 1,2,3), the relative ])robability of

each outcome (1 versus 2) and (2 versus 3) is a nonlinear function of the independent
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variables. The two followiiig équations are solved siinultaneously:

P [REPORT_ACC = 1} _
P [REPORT_ACC = 2] ^ ^
P [REPORT_ACC = 3} _ ^
P [REPORT ACC = 2} ) ( )

where X stands for the set of explanatory variables. This is useless to estiniate the last

binary logit (1 versus 3) as there is a necessary relationship ainong the three logit.^'' Let de-

notes P[REPORT ACC = î I X,/3i, ..., dj] the probability of observing REPORT ACC

i given .Y with paranieters to /3 j. With pi being the probability of observing the value

taken by REPORT ACC for the /;th observation. Under the assuinption that the ob

servations are independent, the likidihood équation is:

.v

\ REPORT_ACC,X) = (7)

The likelihood e(}uation is

/  \

exp(di X A')3

I REPORT ACC n (8), X) =
i=l

j
REPORT ACC'=i Vexp(/3j X A')

V  i=i /

By taking the log of L, we obtain a log likelihood équation which can be inaximized to

estiniate the /Ts. Estimâtes are consistent, asymiitotically normal and efficient. Amemiya

(1985) demonstrates that, under conditions that are likely to apply, the parameter set

obtained by maximum likelihood (ML) is uniiiue.

Sec J. ScDtt (1997).
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4.4.4 Proxies

4.4.4.1 Informational incentives

We use a proxy for the forward-looking private information on (i) dividend payout décision

and (ii) cash-fiow stability. The first rneasure is tiie one-year-ahead growth in earning per

share while tiie second one is the operating cash fiow standard déviation over the next eight

(luarters minus the saine measure over the last eight quarters, scaled by total assets. The

last variable is used in Core et al. (1999) and Hodder et al. (2006) as a proxy for operating

risk.''* Our report accuracy metric is also connected to proxies for growth oiiportunities to

comiilement the two measures of future performance presented above. The first measure

is the Tobin's Q, tliat estimâtes the replacement cost of cajiital and is a comnion way

to measure growth opportunities. The second measure, developed by Peters and Taylor

(2016), improves the first one by iiicluding intangible capital.

4.4.4.2 Camouflage strategy

In face of shareholders and analysts scrutiny, managers bave incentive to downward (ui>

ward) ESO values (footnote dividend yield) in order to hide the perceived compensation.

The firm exposure is proxied by the total nurnber of analysts producing EPS forecasts for

a given company in a given year. Data are from I/B/E/S Détail History File. To measure

the excessive compensation, we follow Aboody et al. (2006) by regressing the CEO total

compensation over a set of relevant variables. A somewhat similar régression is presented

in Yermack (1998), Core et al. (1999) and Blacconiere et al. (2011).^''

■' In a siirvcv addrnssccl to tltousaiul.'^ of nianaiicrial toain. Brav et al. l20()ô) Hnd tliat. tin* .st.ati'iiu'iit '^Pnyinit ilt risioiis
i:iiii.V( y infonuatum nbouf oar t:t>ni/pan.y to a/aïv .vfor.s" is raiiki'd 3 aiiion^st uiost. important fact.ors for dividriid and
r(!pur('lias(' policy, and Stability of futun oariiinya" is rankccl 4. Brav vt al.'s (2005) findinj^s givo souk? nplions to our
proxi(îs.

'  Core et al. (1900) intrttdmuî variaiilns rclatcil to CEO diaractcristitts .sudi as ag(b cxporkuKH'. (da:. Rpgarding tli(! low
prtMlictivo powor of CEO oharactcuistics, our rcgrossions arc iiot lik(dv to bc inis.spccificd.
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4.4.4.3 Disciplinary forces

Audit fee ainounts are takeri by Audit Analytics dataset and adjusted by firm size.'^'' The

proportion of independent meinbers on the board size is used as a proxy for corporate

governance quality. An independent rnember is neither a inember of the managerial team

nor someone that has a business relationship with the cornpany other than Ijeing on the

board. The proportion of indepencient member is an important charae.teristic of board

structure, negatively associated with the CEO influence and compensation (Core et al.,

1999), positively related to firm transparency (Armstrong et al., 2015), working in the

shareholders interest (Nguyen and Nielsen, 2010). Because 4,128 firm-year observations

bave a board full of independent rnembers, we use a dummy variable that takes the value

1 if there is only indej^endent members on the board and 0 othcrwise.

4.4.4.4 Additional control variables

Option's expected life It is diffic:ult to predict the average dividend yield over a long hori

zon. The longer the maturity of the option, the wider the range of possible dividend yield

values. Hence, any departure from a fair report could be connected to the expected life

of the option rather than managerial opportunism or a will to con\'ey superior informa

tion. To control for this possibility, the reported option's life is added as an explanatory

variable.

Number of options awarded Auditors niight be more willing to check pricing methodology

and parameter sélection when the number of options granted is high and they niay not

l)ay attention if this number is low. We posit that the numlier of options grantetl niight

have an influeiice over the report accuracy.

To Ikî auUittul \>y a Biy; Four ratlior thau aiiothtîr auditiiiy; hnu couUl rusult iu moru ac<;urat(^ fotituotf^ infonuataui.
Ovur tho 7,404 tinn-yuar olisinvatioiis in our saniplu, 6,873 ara auditrd Ity a Biy; Four aiijainst 531 non auditud by a Big
Four. Tlii.s largT iiiibalamc inakus Îrrtibîvant a soparalion of tlic sanij>le tiriii bascd ou the audit.iug finn ukuitity (Big
Four vorsu.s non-Big Four.i. Big Four audit scrvicuï? arc usually uiorc cxpcnsivc tliaii otlicr audit firms and if tlicrc is
any inflmuicc on the report accuracy, it shouhl Ix^ capturcil liy audit
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Discretionary accruals We believe that finns that are proue to earning inanageinent woulcl

be those that can manipulate the disclosed dividend yield (and perhaps other ESO pric-

iiig inputs) by nianagerial opportunisni. To dérivé discretionary accruals, we follow the

approach of Khotari et al. (2005). Subiahmauyam (199G) shows that discretionary ac-

c;ruals predict dividend changes. Accordingly, this variable also serves as a control vari

able in the panel régression preserited subsection 4.2. Regarding accrual data availability

{N = 2,114), régressions are perforrned with and without PMDA.

Firm characteristics Size (defined as the log of total assets), book leverage (long terni

plus durent liability over total assets) and return-on-assets (net income over total assets)

are also introdueed in the régression to control for the main cliaracteristics of the firin. To

avoid nmlticollinearity trouble, size is exclnded froni the régressions when the mnnber of

analysts is inclnded.

Dummies The multiiiomial logit niodel does not allow the use of fixed effecds. We

introduce dummies variables for every ,vear and every sector of activity, where the industry

is defined according the first two digit codes.

See Appendix B for ail variable définitions. A summary of information on the Lint-

ner's (1956) rtigressions is given in Appendix C.I while information on the excessive

compensation régression is provided in Appendix C.II.

4.4.5 Sample and summary statistics

Our sample consists of 7,404 firni-year observations that lune; granted ESOs in the period

2006-2014. Descriptive statistics and firm characteristics are refiorted in Table II. In

the saniiile, many companies do not pay dividends to shareholders and set a disclosed

dividend yield to zéro, accordingly. The disclosed di\'idend yield lias an avcaage of 0.9%

which is below the average dividend yield (1.3%). So companies tend to nnd(>r-report
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the dividend yield, on average. Our sample has the following characteristics: The inean

(médian) Tobin's Q is at 2.01 (1.67). The total Tobin's Q is smaller on average (1.19)

Irnt aijove with the médian (0.83). The one-year-ahead groAvth in dividends represents

by unit of shares outstanding on average. Onr measure of operating risk is represents

0.045% of total assets, on average. However, this measure exhibits a large cross-sectional

dispersion, with a 5% (95%) percentile at —3.87%, (5.10%). In partieular, the médian value

(—0.25%) shows that mor<î than 50% of hnns have experienced a worsening in cash-flow

stability, likely tlri\'en by the financial crisis. The total number of analysts producing

EPS forecasts is 13 on average. Less than 5% (5%) of our sample has 3 or less (30 or

more) analysts following the stocks. The proportion of independent members is actually

very high: 50% of the firm-year observations have their whole board composed with only

independent members. Finally, the audit fee aniount represents 0.18% of total asset on

average, with the 5th (95th) percentile of 0.02% (0.53%).

Summary statistics on the report accuracy are provided in Table III. Our ap])roach

rtîturns a large area under which the disclose dividend yield is fairly measured: 90.7%i of

the firm-year observations in our sample report a yield Ixdween the bounds. Only 4.3%

underreport while 5.0% o^•erreport. The average disclosed dividenti yields are 1%, 0.8%

and 2.5% for category 1, 2 and 3, respectively. Reporting a null FDY when no di\'idend are

paid to shareholders is common in the sample and we also report the summary statistics

when these observations ar(> excluded. It turns (jut that the trend found in the data is not

modified; 83.2%, of firm-year ol:)Scrvations r(?i)ort a fair an accurate estiniate of tin; FDY

l)ased on our methodology. Only the i)roportion of coni[)anies overreporting is affected,

switching from 5.0%i to 10.6%. However, sample means move to 1.5%-, 2% and 2.5%, when

non-dividend payers are renioved from the sample. "Persistence" refers to the proportion

of firnis that remains in the saine category ovt;r two i;onsecutive years. On averagt^, 35.7%

(30.8%) of firins that underreport (overreiiort) the FDY one year underreport (overreport)

the yield the next year, too. It shows that around two thirds of the observations switch

between the area of fair report and the area of biased report while one thirrl of the firrns
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persistently state a biased report over years.

Be("aiise 90% of oiir sample report a FDY classified into the second category, it might

be interesting to see how the report accuracy spreads within the bounds. For instance,

if the inajority of FDYs are concentrated inside the bounds but very close to the lower

1)0und, it might be the sign that our categorical approach is missing something and that

our report accuracy variable does not capture well the heterogeneity of reporting behaviors.

On Figure I, the space between the lower and upper bounds is divided into ten interrals

and we calculate the total number of FDY falling into a spécifie interval. Actually, we find

no widc dispersion across the inteiA-als, 283 finn-year FDY obseiA-ations belong to the first

interval, then tins number decreases slowly along the intervais up to the 7th one (185) and

then starts to inc.rease again to reach 216 in the lOth cat(igory.

4.5 Results

4.5.1 Evidence from time sériés analysis

Table IV shows the coefficients obtained by estimating équation (1). Some firm cbar-

acteristics are introduced in (3) and (4) as extra-regressors. They should capture some

disj^ersion in the panel of one-year-ahead dividend yields. Appendix A provides the de-

finitions of tfiese variables. The FDY is positive and signifi(;ant at 1% in both univariate

and multivariate settings, with au estimated coefficient of 0.85, 0.62, 0.58 and 0.78 for

colunms 1 to 4. Tins is clear evidence that the FDY bring useful information to pre-

dict the next-year dividend yield. Table IV sfiows the output from several régressions of

the one-year-ahead dividend growth over a predictor derived from timtvseries régression

{DVT_HAT), varions control variables and the FDY stripi)ed of tfie effective dividend

yield {DVT _GAP). DVT H AT is derived using individual stock time-series. A sum-

mary table with coefficients and t-stat is provided in Appendix C.I. Globally, our results

are similar to Grullon and Michaely (2002). We find that DVT GAP is able to predict

the dividend growth. Ttie coefficient associated to tliis variable lies within 0.35 and 0.76
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across spécifications aiid is always significant at 1%. Frorii régression (4), one can see that

if the différence between the dividend aniount implied by the and tfie true aniount

paid to shareholders increased by 8j^ per share, there will be an increase by 4.67j^ per share

of the dividend aniount paid to shareholders between t and t + 1.

4.5.2 Report accuracy and forward-lookirig information

4.5.2.1 Private information proxy

Figure II shows variable magnitudes across report accuracy types (1, 2 or 3). Kruslcal-

Wallis tests for significant différences across report accuracy type are reported in Table

VI. One can observe that the DVT PROJ and O RISK varies a lot across report

accuracy. DVT PROJ is low (high) for firms that overreport (0.08 for f = 3 against

0.01 for i = 1) and the différences across report types are significant at 1%. ORISK

is liigh (low) for firins that underreport (overreport) (—0.321 for i = 1 against —0.21 for

i = 2 and —0.56 for i = 3). ffence, the rejiort acxniracy seeins to be connected to cross-

secdional variations in the one-yea,r-ahead dividend growth and variations in the operating

risk. Table VII shows the results of the multinoinial logit régressions. There are two

sets of estimâtes for each spécification. The column denoted (a) stands for équation (5)

while (b) stands for (6). We find that the coefficient associated to O RISK is négative

(= —0.06) and significant at 10% in 5b and keeps this signihcance at 5%i (= —0.10) in

12b, when ail variables are introduced simultaneously. The coefhcient is not signihcant

in the first équation of the pair régression. It shows that when the variability of future

cash flow, adjusted from past fluctuations, goes down (i.e. less varialiility anticipated), the

relative likelihood of overreporting over fair reporting goes up, and there is no influence

on the relative likelihood of underreportiiig over fair reporting. About dividend projection

{DVT_PROJ), we find that the c:oeffident of the pair régression is positive, while the

second coefficient of the pair régression is négative. An increii.se of the dividend projection

lower the likelihood to underreport against fair reporting but increase the likelihood of

FDV iiiult.ii>li<!(l by tlic iiiarkct valu*- of <Hiuity givos a dividond ravv aiiiomit implbïtl by Wir. footiioto iiiforiiiatioii.
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overreporting against fair reporting. This is consistent with the theory. However, no

coefficient is significant.

4.5.2.2 Growth opportunity proxy

Coinpanies that underreport the dividend yield seems to have a lower Tobin's Q (1.54 for

i = \ against 1.67 for i = 2, on average) while those which overreport experience more

growth opportunity (1.81 for i = 3). The différences across report types is significant at

1%. TOT TOBIN confirms this trend with 0.69 for i = 1, 0.84 for i = 2 and 0.96 for

i = 3. This is significant at 1%, too. In Table VII, the coefficient associated to TOBIN

is négative and significant in la (= —0.32) at 1% and the TOT_TOBIN is also négative

and significant in 2a (= —0.31), 5a (= —0.35) and 12a (= —0.57) at 1%. However, we find

no significant coefficient in Ib, 2b, 5b and 12b. Ail together, these results show that when

the variables reflecting proxies for private information or growth opportunity go up, the

likelihood of underreporting versus fair reporting goes clown and there is no effect on the

overreporting likelihood.

4.5.3 Report accuracy, analyst exposure and managerial opportuiiism

The analysts ccwerage is higher among firm-year observations that bias the disclosed divi

dend yield (14 for i = 1, 11 for i = 2 and 16 for i = 3). The Kruskal-Wallis test shows that

these différences are statistically différent at 1%. Apparently, a wide exposure to analyst

coverage does not work as a disciplinary effect. Rather, coinpanies that bias their FDY are

the ones that actually have the largest amount stock analysts. In Table VII, régressions

6a, 6b, 8a and 8b show positive and significant coefficients associated to COVE, lying

between 0.02 and 0.06. However, 13b show a non-significant coefficient (= —0.01). WTien

ail variables are introduced in the régression, the relationship between analyst coverage

aiid the relative likelihood of overrepoiting against fair reporting vanished. In addition,

one can observe that the coefficients in ecpiations 6a, 8a and 12a are larger in magnitude

than coefficients in équations 6b, 8b and 12b, respectively. Overal, these results suggest
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that exposure to analyst's scrutiny works as an incentive in favor of downiward FDY ma-

nii^ulation. An underlying explanation conld be that the fear that analysts interpret the

DFY as an implied comrnitment forces the managerial team to be prudent and to report

a low dividend yield.

A summary of CEO compensation régression is provided in Appendix C.II. The

coefficients, in sign and magnitude, are in line with what has been found in previous

researches. A stock-year excessive compensation rneasure is built with the residuals of

this régression. Hypothesis 2 states that if the compensation of the CEO is excessive,

the dividend yield shoidd be overreported by executi\'es that seek to hide ESO values.

However, we find no evidence that favors such behavior. In Table VI, The Kruskal-

Wallis returns a p-value at 0.31, showing that one cannot reject the null hypothesis that

sample médians are not statistically différent. In Table VIII, the coefficient associated

to EXC REM in 7a (= —0.26) and 8a (= —0.54) are significant at 5% and the one in

71) (= —0.22) is significant at 10%. However, the significance comi)letely disappears in

12a and 12b. The interaction terni COV_DHE times EXC REM is only significant

in 8b (= -0.025). The coefficients linking EXC_REM to REPORT_ACC in 7a, 8a

and 12a are greater in magnitude than the ones in 7b, 8b and 12b, suggesting a larger

impact of EXC_REM on the relative likelihood of underreport over fair report than on

the relative likelihood of overreport over fair report. But no coefficient turns ont to be

significant. Hypothesis 2 does not hold in data.

4.5.4 Report accuracy and disciplinary meclianisms

Companies that reiiort a fair dividend yield have a lioard full of indepeudent direcffors,

in médian. For the observations that underreport or overreport, the médian is around

0.9. This différence is significant at 1%. Table VII sliows coefficients significant at 99%

confidence level in 9a (= -1.71) , lia (= —1.80) and 12a (= -2.59) and non significant

in 9b (= —0.06), 11b (= —0.03) and 12b (= —0.27). Hence, the proportion of indepeu

dent members of the board is clearly connected to the likelihood of underreporting but
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not overreportiiig. It shows that firnis cliaracterized by a weaker corporate gcweriiance

have a greater risk of reportiiig a FDY dowiiwardly bias. In tenus of ecoiiomioal mag

nitude, resuit froru 12a shows that wheii there is oue more inde^peudeiit uiembei- ou the

board, the probaijility of beiug lu category 2 (fair report) compared to beiug iu category

1 (uuderreport) iucreases by around 0.08% (~ exp(—2.58)).

Consistent with hypothesis 4, the amount of audit fees is larger for observations that

report a fair FDY with respect that observations that do not. The médian audit fee

amount is 0.07% of total assets for f 1, 0.12% for i = 2 and 0.06% for i = 3. These

différences are statistically différent at 1%. For the régression part, we obtain that the

coefficients from 10a to 11b have the négative sign as expected, but are not significant.

However, in 121"), this is large (= —5.93) and significant at 1%. An increase in total audit

fees dec.ix^ases the relati\'e likelihood of overreporting over report fairly. Like the corporate

governance quality proxy, the variable refiecting audit proc:ess cost influences downwardly

the likelihood of l^iased report. However, while the proportion of independent is connected

to underreporting, the audit fee amount is connected to overreporting.

4,6 Conclusion

In this paper, we analyze the re])orting accuracy of the dividend yield reported in the 10-K

financial statements footnotes. Three rnechanisms are proposed to explain why the FDY

can deviate from a range of acceptable values deterrnined regarding the FASB guidance.

The informa,tioti révélation hypothesis establishes a positive link between private infor

mation on ex-post performance and the FDY as well as a positive link between ex-ante

growdh o]:)portunities and the FDY. The managcrial opportunism hypothesis states that

biasing the FDY should be connected to coverage and CEO excessive compensation. The

disciplina,7-y cjfect hypothems posits tliat the likelihood of reporting a fair FDY is connected

to the audit cpiality and to the t;orporate governanc'e quality. We propose a new method-

ology to identify uuderreport, fair report and owîrreport. This niethod is based on public
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information, the financial stateinents 10-K and 10-Q, and can be easily replicated. Our

method accommodâtes well the flexibility given by the anthoritative guidance, as more

than 90% of our firm-year oljservation sample report a DFY that classified as fair.

First, underreporting is negatively associated with a proxy for operating risk and two

proxies for growt.h opportunities. Moreover, variation in the operating risk is able to ex-

plain the relative likelihood of overreporting against fair report. This is consistent with the

idea that sonie firms use discrétion over footnotes t(j convcy superior information al)out

future cash fiow variability and the quality of future prospects. This resuit contrasts with

Chondhary (2011) that rejects the information révélation hypothesis. Second, underreport

ing is significantly connected to the magnitude of analysts' coverage but not connected to

the excessiveness of executive compensation. Third, more independent directors on the

board are associated to less underreport while an expensive audit process is assotiated to

less overreport. Ail together, our hndings suggest that information révélation objective

and disciplinary effects are ail in our firm-y{?ar pancd, and influences the relative likelihood

of underreporting over a fair report of the FDY. The managerial opportunism hypothesis

reçoives mitigated evidence.
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Table II: Descriptive statistics

Variable N  Mean Std. Dev.
5% 25%

Percentile

50% 75% 95%

Dividend yields reporied and effective

DIS DIV YLD 7400 0.009 0.013 0.000 0.000 0.000 0.017 0.036

DIV_YLD 7400 0.013 0.040 0.000 0.000 0.001 0.017 0.041

Variables used to test the hypothesis 1 (Informational objective.)

TOBIN 7400 2.005 1.127 0.951 1.289 1.666 2.326 4.328

TOT TOBIN 7400 1.193 1.330 0.025 0.478 0.833 1.436 3.557

DIV PROJ 7400 0.035 0.743 -0.073 0.000 0.000 0.048 0.277

0_RISK 7400 0.046 3.221 -3.869 -1.557 -0.245 0.954 5.106

Variables used to test the hypothèses 2a, 2h and 2c (Managerial objective)

COVE 7400 13.170 8.303 3.000 7.000 11.000 18.000 30.000

EXC_REM 7400 0.125 0.596 -0.852 -0.181 0.145 0.452 1.075

Variables used to test the hypothèses S and 4 (Disiplinary objective)

P IND 7400 0.929 0.104 0.714 0.889 1.000 1.000 1.000

AUDIT_FEES 7400 0.183 0.251 0.022 0.057 0.116 0.219 0.531

This table i)io\icles sonie clescrii)tive statistics for the main variables that are i:oimected to the report
accuracy of the footnote dividend yield. Our sample spans ail companies over 1990-2014 observations that
grant stoeJ<: ojdions to their executives. These variables are winsorized at 2.5% and 97.5%i. See Appendix
B for \'ariable définitions.
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Table III: Report type statistics

Ail observations DIS DVT YLD>Q

REPORT_ACC N % DIS DVT YLD N % DIS DVT

Underreport (f = 1) 278 0.043 0.010 185 0.062 0.015

Fair report (z = 2) 5,831 0.907 0.008 2,496 0.832 0.020

Overreport, {i = 3) 319 0.050 0.025 319 0.106 0.025

Bounds Mean Mean

Low bound 0.006 0.013

High Ijound 0.027 0.035

High - Low 0.021 0.022

Persisteiice {i = 1) 0.357 0.242
Persistence (i = 2) 0.776 0.734
Persistence {i = 3) 0.308 0.308

YLD

For each firni-year observation, the 10-K footnote disclosed di^•idend yield {DIS_DVT_YLD) is com-
pared to 13 yields that could serve as acceptable values by auditors or analysts, regarding the guidelines
provided by SFAS 123(r). We generate a cat.egorical variable (i = 1,2,3) that captures the report accu-
racy: If the disclosed di\-idend yield is stricth' below the rnininmm (low bound) of the computed yields,
theu the coinpany underreports {i = 1). If tins is between the ininiiiuuu and the maximum, the compaiiy
fairly reports (i = 2). If tins is strictly above the maximum (high bound), then the company overreports
(i = 3). See Appendix A for the methodological détails. This talde luesents sorne descriptive statistics
are reported for this variable and the bounds. l.inreported statistics show that there is no statistically
significant différences across years or industries in REPORT_ACC. ''Persisteiice" refers to the a\'erage
proportion of firms that remains in the same category over two consécutive years. "Ail observations"
includes ESO providers that disclose a null dividend yield, while '' DIS_DVT_YLD > 0" excludes these
firm-year obser^•ations.
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Table IV: One—year-ahead dividend yield

DIV YLD

(1) (2) (3) (4)
INTERCEPT 0.005*** 0.004*** 0.005*** 0.002

(0.001) (0.001) (0.001) (0.003)
DIS_DIV _YLD 0.850*** 0.618*** 0.579*** 0.782***

(0.041) (0.161) (0.145) (0.060)
DIV YLD 0.262* 0.295** 0.060*

(0.142) (0.127) (0.035)
LEV -0.001 0.008

(0.003) (0.006)
TOBIN -0.000 -0.002***

(0.001) (0.001)
ROA -0.007 0.014

(0.006) (0.012)
OCFSTD 0.010 0.059*

(0.013) (0.035)
RD_ASSET -0.017*** 0.003

(0.006) (0.003)
PFDA -0.006

(0.005)

N 6492 6492 5922 2113

Adjustcd R? 0.137 0.257 0.280 0.253

The one-year-ahead dividend payinent (DIV_YLD_A) is regiessed over the divitlentl yit^ld reijorted in
the financial statement footnotes {DIS_DIV_YLD) plus a set of control \-ariables, The contemporaneous
and one-year-alieafl di\'idend aniouiits are scaled by iiiarket capitalization. See Appeiidix B for \ariable
définitions. The saniple is niade vvith conipanies that have a dividend payout poliev" (DVT > 0) and
that grant stoek options to executives. Coinpany-year (observations with option-based award plans are
identified as follows: Froin the Execucomp table, we identify a firm as ESO granters if the total value of
options granted across executive is non-null. Then, the 10-K disclosod dividend yield is retrieved frorn the
Compustat table. It must loe either positive or null, but not blank. See Section III for a description of the
rnethodology. The period of analysis is 2006-2014, i.e. post-SEAS 123(r). Standard errors are clustered by
firm and industry, where industrj' is defiiuîd vvith tvvo-digit SIC codes. Ail industries are covered except
the sector "Finance, Insurance & Real Estate".

* Significance at the 10% level
** Significance at the 5% level
*** Significance at the 1% level
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Table V: One-year-ahead dividend growth

DVT GROWTH

(1) (2) (3) (4) (5) (6) (7)
INTERGEPT 0.003*** 0.001*** 0.001*** 0.003 0.003 0.000 -0.001

(0.001) (0.000) (0.000) (0.002) (0.002) (0.001) (0.001)
DVT_GAP 0.756*** 0.348*** 0.384*** 0.584*** 0.602*** 0 379*** 0.384***

(0.138) (0.079) (0.063) (0.078) (0.078) (0.049) (0.065)
DVT_HAT 0.136*** 0.064** 0.706**

(0.028) (0.025) (0.306)
DVT_HAT_M 0.080*** 0.015 0.753**

(0.020) (0.016) (0.322)
LEV 0.002 0.002 0.001 -0,001

(0.003) (0.003) (0.003) (0.003)
TOBIN -0.003*** -0.004*** -0.001 -0.000

(0.001) (0.001) (0.001) (0.000)
ROA 0.044*** 0.053*** 0.013 0.009

(0.012) (0.014) (0.011) (0.011)
OGF_STD 0.042 0.037 -0.006 0.012

(0.031) (0.029) (0.009) (0.016)
RD_ASSET -0.022 -0.022 -0.001 0.002

(0.016) (0.016) (0.010) (0.014)
ACCRUALS -0.003 -0.004***

(0.002) (0.001)

N 8090 1933 1933 1785 1785 813 813

Adjusitd R~ 0.565 0.211 0.192 0.347 0.342 0.285 0.264

Tlie (Jiie-j'ear-aliead dividend change is regressed over the footnote dividend yield (FDY) minus the realized
dividend yield (DIS_DIV_GAP), a dividend growth forecast derived following the Lintner's model
(1956) (DIV_HAT) and a set of coTitrol variables. Variables are scaled by rnarket capitalization. This
adjustintmt reduces heteroscedasticity in data. See Appendix B for \'arial)le définitions. The sample is
made with companies that were dividend pa>ers over 1975-2014 aiid that grant stock option.s to executives
over 2006-2014. The Lintner's model is estimated with the tirne-series of dividend payment over 1975-
2005. Then, a projection of the di^■idend growth is deri\ed for 2006-2014, given the Ireta estimated from
the time-series régressions. This "best" di\idend growth forecast is plugged into our panel régression.
Compam'-year observations with optioii-based award plans are identified as follows: From the Execucomp
table, we identify a firin as ESO grariters if the total value of options granterl across executive is non-null.
Then, the 10-K disclosed dividend yield is retrieved from the Compustat tabkc It must be either positive
or null, but not blank. See Section III for a description of the methodologj'. The ptniod of analysis is
2006-2014, i.e. post-SFAS 123(r). .\11 industries are covered except the sector "Finance, bisurance & Real
Estate". Standard errors are clustered by finn and industrv, where imlustry is defined with the two-digit
SIC code.

* Significance at the 10% level
** Significance at the 5% level
*** Significance at the \% level
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Table VI: Non parametric tests

N Médian Krusktil-Wallis test
i = 1 i = 2 i = 3 i = 1 i = 2 i = 3 P-value

TOBIN 247 5407 296 1.545 1.665 1.809 0.000
TOT TOBIN 276 5820 318 0.689 0.835 0.960 0.000

DVT PROJ 248 5137 274 0.010 0.000 0.083 0.000
O RISK 270 5591 312 -0.308 -0.214 -0.563 0.007

COVE 245 4945 288 14.000 11.000 16.000 0.000
EXC REM 196 4242 267 0.111 0.154 0.147 0.311

PROF IND 267 5594 314 0.917 1.000 0.926 0.000
AUDIT FEES 256 5379 302 0.071 0.120 0.058 0.000

For each firin-year observation, the disclosed dividend yield is compared to 13 yields that eould serve as
acceptable values by auditors or analysts, regardiiig the guideliiies provided by SFAS 123(r). \Ve generate a
categorical variable (« = 1, 2, 3) that captures the report accmracy: If the disclosed dividend yield is strictly
below the niiniinuin (low bouiid) of the coinputed yields, then the company underreports (i = 1). If this
is between the minimum and the maxinmin, the coinpam' fairl\' reports (i = 2). If tins is strictly above
the maximum (high bound), then the company overreports (i = 3). See Appendix A for rnethodological
détails. This table gi\'es the sample médian of oiir main variables, per report accuracy level. Variables
are defined Appendix B. The p-value of the Kruskal-Wallis test is reported over the last column. Under
the null hypothesis, the three sample médian are equals. Kruskal-Wallis is less affected than the classical
ANOVA by changes in a small portion (;f the data, It is more rolmst to any leverage efîects induced by
fat tails.

* Signiticance at the 10% level
** Siguificance at the 5% level
*** Siguificance at the 1% level
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Literature

Table A.I: Methodology

Yermack (1998)

Aboody et al. (2006)
Hodder et al. (2006)
Johnaton (2006)
Choudhary (2011)

Bratteii et al. (2016)

O'ur approach

"The dividend yield (d) is estim.ated as four Unies the quarterly dividend declared
nearest to the date of stock option award, divtded by the conipany's stock price
on the award date, with fhis quotient compounded continuously. "
"Historical dividend yield for the most recent yeor. "
"Annualized dividend yield as of the prior fiscal year-end month. "
"The fimi's dividend yield in the previous fiscal year. "
"I estimate the ditndend benchmark as four times the sum of dividends paid
per share over the last quarter, divided by the average nionthly price per share. "
Uiulefined

EST YLD,=

EST YLD^=

EST YLD.,=

AxDVQi,
Kl xCSHOQi

IxDVQi-
PRCCQ, - I xGSHOQi^i

IxPVg,4 Z! PHCCQi _ixCSHOQ, - I
;=()

EST _YLD^= èE8
AxDVQ,

 PRCCQ, SU
1=0

EST YLDr =

EST YLD„=

111  4 X D\'Qi _
12 2^ PRCCQi-.xCSHOQ, - i

1=0

15

16 2^16
4xDVQ,_,

PRCCQ,-.,\CSHOQt.-i
i—0

EST _YLD^=
19

1  ixDVQi -i
20 PRCCQi-iXCSHOQ,.

1=0

EST YLDi witli i = 1 7 is from Compustat quarterly file wliile EST_YLDi witli i = 8, ...,13
is from Compustat Ammal file. For compauie.s tliat grant options oue time per jear, for ail executive
simultaneously, we have min(£'Sr_FLDi) = \na.x(EST_YLDi)
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Table A.I (Coiitiriued)

EST YLDs =s ~
DVT,

EST YLD.

PRCC FixCSHOt

_  DVTi^i
y ~ PRCC_Fi-,xCSHOi-i

1

EST__YLDio - 5 E
j=0

2

EST_YLDn= 3 E
j=0

EST_YLDrz = i E
j=0

est_yldi3 = i E

PRCC F,^jxCSHOt-j

DVT,.,
PRCC_ Fi - j X es HO, -j

DVTt-i
PRCC Fi- j xOSHO, - j

DVT,^,
PRCC F, :xCSHO,-.ij=0 - ^ ^

REPORT_ACC = 1 if DIS_DIV_YLD < rnin {min(£'Sr_rLDi), mm[EST_YLDvs)}

2  if min {min(£;5T_rLDi) niin(£'5r_yL£)i3)}
< DIS_DIV_YLD <

ma.x{nmx(EST_Y'LDi), nmxlEST_YLD\3)}

3  if DIS_DIV_YLD > m&x{m&x{EST_YLDC), ma.x{EST_YLD13)]
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4.10.2 Appendix B: Variable définitions

1. Variables related to the information révélation hypothesis

Dividend Projection (DVT_PROJ)
The one-}'ear ahead dividend arnount growth, di\'ided by cornnion share outstanding (item CSHO)
Source: Compustat - Fundamental Animal File -

Operational Risk {0_RISK)
Standard déviation of scaled free cash fluw coinpiited o^•er the next year qnarters minus the sarae measure
over the last eight quarters. Data are from the Compustat Fundamental Quarterly table. Scaled free
cash-flow are operating cash-fiow (item OANCFY) divided l)y total assets (item ATQ).
Source: Compustat - Fundamental Quarterly File -

Tobin's Q (TOBIN)
Total assets (item AT) jjIus the rnarket value of equity (MVE) minus the comrnon shareholders' interest
in the conipany (item CEQ) plus the book value of deferred taxes (item TXDB). This sum is divided by
total assets. This définition is from Kedia and Mozumdar (2002).
Source: Compustat - Fundamental Annual File -

Total Tobin's Q (TOTJFOBIN)
New \ersion of the Tobin's Q that takes intangible c:apital into account. The iiew formula lias been
proposed bv Pettu's and Taylor (2016) who daim that it is a superior proxy for both physical and intangible
investment opport unit les.

2. Variables related to the inanagerial objective hypothesis

Coverage (COVE)
Total nuruber of analysts that disclose an earning per share forecast, per stock and per fiscal year. Each
analysts (item ANALYS) have usually several updates by stock, for a given forecast period end (item
FPED.ATS). \^'e keep tlu! last forecast update by analyst. This forecast must occur at least two cpiarteis
before the quarter where the forecast period end falls. The forecast count for a given firm-year observations
is the co\'erage measure. This dataset is nierged with Compustat on the CUSIP and the end-of-fisi-al year
mont h.

Source: I/B/E/S - Détail History file -

CEO Excess Compensation (EXC_R.EM)
Following ,4boody et al. (2006), we regi'iss the log vahu^ of total compulsation over the log value of sales,
sales growth (XSALE), book-tivmarket (BM). return on assets (ROA), the one-year stock returns and
the one-year stock return volatility. The model also includes industry and year dummies. Régression
residuals are proxies for the ''e.xcessiveness" compensation. Total compensation is defined as the sum
of salary, bonus, total value of restricted stock granted, total value of stock options granted, long term
incentives jiaj'Outs and other annual (item TDCl). One-year stock l'olatility is derived with the one-day
stock retmn (item RET). CRSP is merged to Compustat with CUSlPs. Appendix C.II exhibits the
régression coefficients, standard errors, t-stat and P-values.
Source: Compustat - Fundamental Annual File -
merge wi,th Execucomp - Annual Compensation -
merge with and CRSP - Daily Stock File -

4. Variables related to the disciplinary hypothesis
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Audit Fees (AUDIT_FEES)
Sum of audit fees and related audit fees, by corupauy by year, divided Ijy total assets (AT).
Source: AuditAnalytics - Audit Fees -

Proportion of Iiidependent (PROF_IND)
Number of independent board (item BOARDROLE) divided by the board size.
Source: Boardex - Board and Director Committees -

5. Yields

One-Year-Ahead Dividend Yield (DIV_YLD_A)
Total amouiit of dividends, other than stock dividends, declared on ail equity capital of the cumpany,
based on the current year's net incoine (item DVT), scaled by lagged market value of equity (MVE).
Source: Compustat - Fundamental Annual File -

Dividend growth (DVT_GROWTH)
Oue-year-ahead di^'ideud amount minus di\'ideud amount, scaled by market value of ecpiity (MVE).
Source: Compustat - Fundamental Annual File -

Di^'idend gap (DVT_GAF)
Disclosed dividend yield in the 10-K footnotes (DIS_DVT_YLD) minus the effective dividend yield
(DVT/MVE).
Source: Compustat - Fundamental Annual File -

10-K Footnote rejjorted dividend yield (DIS_DVT_YLD)
Rate disclosed by the compaiiy in the footnotes of its consolidated financial statenient, and used to cornpute
the fair value of ESOs as mandated by SFAS 123(R), using a Black and Scholes (1973) model or a lattice
approach. (item OFTDR). We niultiply it by 100 and then by the contemporaneous market value of equity
(MVE) to obtain the variable.
Source: Compustat - Fundamental Annual File -

6. Other variables

Book-to-rnarket (BM)
this is defined as total asset (item AT) minus total liabilities (item LT) plus deferred taxes (item TXDB)
plus investment tax crédit (item ITCB) minus preferred stock convertible (item PSTKC). This is divided
by market value of equity (MVE). This définition cornes from Kenneth French's website.
Source: Compustat - Fundamental Annual File -

Leverage (LEV)
Long-term debt (item DLTT) plus debt in current liabilities (item DEC) divided by total assets (item
AT).
Source: Compustat - Fundamental Annual File -

Market Value of Equity (MVE)
Fiscal year-end close price (item PRCC_F) times the number of comnion shares outstanding (item CSHO).
Source: Compustat - Fundamental Annual File -

Relative Performance (OCF_STD)
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The standard déviation of the operating cash flow, where operating cash-flow is defined as the net change in
cash frorn ail items classified in operating activities (item OANCFY). The standard déviation is Computing
using the last 8 quarters (including the most contemporaneous one) and scaled by total assets (Item ATQ)
recorded over the last quarter.
Source: Cornpustat - Fund.arnental Quarterly File -

Return on Assets (JÎOA)
Net income (item IB) divided by total assets (item AT).
Source: Cornpustat - Fundanienta.l Annual File -

Sales [SALE)
The company's sales (Item SALE)
Source: Cornpustat - Funda,mental Annual File -

Size [SIZE)
Logarithm of total assets (item AT).
Source: Cornpustat - Fundaniental Annual File -

EPS forecasts dispersion [EPS_STD)
This is the saine way to proceed than for building COVE. Thi.s variable is the standard déviation of
forecasts (item VALUE).
Source: I/B/E/S - Détail Histoi-y file -

Performance-matchcd discretionary accruals [PMDA)
We follow the approach of Khotari et al. (2005). Total accruals (TA) is defined as the siim of cash, in
cluding irn'entories and receivables (item ACT) and debt in current liabilities, minus cash and short-term
investment (item CHE), minus current liabilities (item LCT), minus dépréciation and amortization (item
DP). In a first step, TA is regressed over an the inverse of total assets, one-year growth in sales (ASALE)
and property, iilant ami equipment (item PPE). The régression is performed every year, by industr}- (two-
digit SIC code) for the wliole Compustat universe. In a second step, each firm-year observation classified
as ESC) granters group is matched with an observation not classified as ESC) granters. To match, the
two companies rnust belong to the same industry and their ROAs rnust be the closest among ail possible
matches within the industry. In a third step, the régression residual frorn the rnatching firrn is subtracted
to the residual of the ESO grauter observation. This différence represents the performance-matched dis
cretionary accrual measure. According to Subrahmanyam (1996), dividend gTowth is significantly related
to accrual levels. To coiitrol for this potential link between the two variables, PMDA is used as an extra
regressor in the last column of Table III and Table IV.
Source: Compustat - Fundaniental Annual File -
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Conclusion

In the first paper of our thesis, we develop a model that diseiitangles the inforiiied-based
trading activity into a sector-specific (type S) and a firni-specific (type I) component,
like in Albuquerque et al. (2008). Our niodel refiects an underlying trading game between
market-niakers, uninformed traders, traders inforined on the sector-specific risk and traders
inforrned on the firin-specific risk. The introduction of the State Street SPDR Select
Sectors ETFs in December 1998 is an idéal laboratory to study how the two coniponents

of the sophisticating trading change following tradable index introductions. The specialists
of the industry risk are expected to migrate to the ETF niarkets while the specialists of
the firm-specific risk can use thcse ETFs as an hedging instrument against sector-specific
innovations. To conduct our empirical analysis, we create nine buckets of 10 stocks, each
bucket reflecting a two-digit GICS sector and containing the largest, niost liquid companies
of their respective sectors. Tins aiins at reflecting the presuined underlying holdings of
the ETF sponsorship. We estimate striictural paraineters by maximum likelihood over the
stock-quarter panel of intraday data, bcfore and after ETF introductions.
By perforining non-paranietric tests over the trading activity related to sector-specific
information and firm-specâfic information separately, we find strong evidence in favor of
the migration hypothesis. This finding is robust to the choice of the trade classification
algorithm and to the exclusion of stocks from the IT sector. To rule ont the possibility
that something différent than ETF inception is responsible for our findings, we conduct the
saine event study on a control sample. \W find no significant change in the S-informed and
the I-informed trading intensity around the event. In the 3 months post-introduction the
Select Sector ETFs are characterized by a highly level of sophisticated trading compared

to what experienced other popular ETFs in the aftermath of their launch. In addition,
it seenis that there is a positive relationship between the loss of S-informed traders on

an industry and the magnitude of sophisticated trading on the corresponding ETF. This
provides additional evidence in favor of a migration effect. We find no evidence in favor of
the hedging hypothesis. An increase in the trading ac:tivity of type I is actually observetl
but this is small and non-significant at 5%. Trading costs (expense ratios, short-sell costs)
may play a rôle to explain why the I-informed traders do not use the ETFs as hedging



instrument.

In our second paper, we develop a theoretical model of inarket microstructure adapted

to accommodate multimarket trading, in the spirit of Easley et al. (1998), John et al.

(2003) and Hu et al. (2015). There are two types of investors. Informed traders observe
signal on the price direction and seek to maximize expected returns frorn trading while

non-informed traders negotiate for reasons exogenous to asset payoff. They trade with
numerous market-makers a single asset through the equity or the option rnarket. The

pool of informed traders split between markets when expected payoffs are equal in the
stock and oi)tion markets. Under this assumption, we dérivé the Nash equilibriurn and the

magnitude of option informed trading.

By calibrating margin parameters to the CBOE margin recpiirements and other pararneter
to recent empirical studies, we find that the split is likely to emerge. Then, we study

the relative allocation of informed trading across markets and across moneyness. In the
benchrnark case, 14% of informed traders negotiate the option when signais are low and
23% negotiate the option when signal are high. Option informed trading (OIT) can reach
50% when the relative liquidity favors the option. Our findings give sonie support to
ChakraA'arty et al. (2004) and Rourke (2013). The OIT magnitude is fairly close to their
measure of th(! (x>ntribution of the option market to the price discovery protx'ss. Moreover,

our results give echoes to Lakonishok et al. (2006) who find that nonmarket-maker written
option i^ositions acx'ount for a wider part of the trading volume than [uirchased positions.

In our model, the equilibriurn OIT when informed traders take a short position on the put
is always greater than the one derived with long position. The asymmctry betwemi long
put and short put margin requirements is responsible for this différence in OIT magnitude.
In our third paper, the accuracy of the dividend yield reprrrted in the 10-K financial

statements footnotes is assessed. A new methodology to idmitify underreport, fair report
and overreport is proposed. This method is based on public information and cair be
easily replicated. Our method accommodâtes well the flexibility given by the authoritative
guidance, and more than 90% of companies in our sample actually report a DEY that

seenis fair. Eor the remaiiiing 10%, three mechanisms are proposed to explain why the
EDY deviates frorn our rarrge of atx^eptable vahres. The infornratiorr revelatiorr hyirothesis
estalrlishes a positive lirrk betweerr private information on the firrn perforrnarrce and the
EDY. Under the rrranagerial opporturrisrrr hypothesis, biasing the EDY corrres from a will
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to hide CEO excessive compensation. The disciplinary effect hypothesis posits that the

likelihood of reporting a fair FDY is connected to the audit quality and the corporate

governance quality.

First, underreporting is negatively associated with a proxy for operating risk and proxies

for growth oi^ijortunities. Moreover, variation in the operating risk is aljle to exi)lain the

relative likelihood of overreporting against fair report. This is consistent with the idea that

some firms use discrétion over footnotes to convej" superior information about future casli

flow variability and the quality of future prospects. This resuit contrasts with Choudhary

(2011) that rejects the information révélation hy}iothesis. Second, overreporting is not
connected to the excessiveness of executive (;ompensation so that we reject the managerial

opportunism hypothesis. However, we find that underreporting is signific.antly negatively

conmxted to analyst ccn'orage. Third, an expensive audit process is correlated to less

overreporting. Our findings suggest that information révélation objective, disciplinary

effects and to a lesser extent, managerial opportunism, are présent in our panel, and

influeiu:e the relative likelihood of underreporting and overrefiorting over a fair report of
the FDY.
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CERTIFICATION
Déclaration de transfert de support par numérisation

En conformité avec l'article 2842 du Code civil du Québec, je, soussignée, France Morin, affectée
au transfert de support des documents par procédé de numérisation, déclare ce qui suit ;

1. J'atteste que j'ai été désignée à titre de personne responsable de la conservation des documents
par le Directeur du Service de la gestion des documents et des archives conformément à la
délégation de pouvoir du Conseil d'administration de HEC Montréal adoptée par une
résolution datée du 8 octobre 2009;

2. J'ai procédé à la numérisation de «Thèse - A088W90186»
2.1 Format d'origine : Papier
2.2 Délai de conservation : 0308 Thèse et mémoire - Gestion de l'évaluation de l'étudiant
2.3 Procédé de transfert : Numérisation

Numériseur : Paper Stream IP fi-6770 dj
Format de fichier : PDF/A
Résolution de l'image : 300 ppp
Mode colorimétrique : couleur

3. J'ai effectué cette opération à HFC Montréal, 5255, avenue Decelles, Montréal, Québec,
le 5 février 2018;

4. Je certifie que lesdits documents ont été fidèlement numérisés et que les copies présentent la
même information que les documents originaux;

5. En conformité avec l'article 17 de la Loi concernant le cadre juridique des technologies de
l'information, l'intégrité des copies des documents reproduits est assurée par les garanties
suivantes :

5.1 le format PDF/A constitue un support non altérable et pérenne;
5.2 les procédures de gestion des documents et archives adoptées par le Service de la gestion des

documents et des archives de HFC Montréal et soutenant les activités de transfert de support
respectent toutes les exigences du cadre législatif et réglementaire en vigueur au Québec;

5.3 les conditions de conservation répondent aux normes archivistiques et de sécurité.

En foi de quoi, j'ai signé à Montréal

France Morin
Date : 5 février 2018

4H€C MONTR€AL
Service

de La gestion des documents
et des archives


