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Résumé

En 1972, l’accord de Bretton-Woods qui garantissait la convertibilité du Dollar américain en or
ainsi que la fixité des cours des devises mondiales par rapport au Dollar américain prit fin. A la
suite de cette décision, les parités des diverses devises furent ainsi autorisées à flotter librement
les unes par rapport aux autres. Pour la première fois dans l’histoire, la volatilité apparut sur
les marchés de devises. A cette époque, l’économiste Tobin (1978), observant ce qu’il percevait
comme une volatilité excessive des marchés des changes, proposa la mise en place d’une taxation
des transactions sur les marchés de devises afin de contrôler la volatilité sur ces marchés. Cette
idée était empruntée en fait à Keynes (1936), qui avait proposé lors de la crise mondiale de 1929
(”la grande dépression”) une telle taxe s’appliquant aux marchés de titres financiers, sur lesquels
il constatait alors, une volatilité importante, ainsi qu’un rôle prédominant des spéculateurs. A
la suite de Tobin, Stiglitz (1989) proposa également une taxe sur les transactions portant sur les
titres financiers afin de contrôler l’impact de la spéculation excessive sur l’économie. Selon lui, il est
préférable de prélever une taxe ”d’accise” dont le montant est proportionnel (Standard Transaction
Excise Tax ou STET) au montant de la transaction, que d’instituer une taxe sur les gains en capital.
De plus, Stiglitz insiste sur le fait que cette taxe doit être conçue de façon à contrôler la spéculation,
sans décourager les arbitrageurs et les investisseurs à long terme, utiles à l’économie.

Les économistes en faveur de la taxe Tobin ou de la taxe d’accise de Stiglitz, postulent, en fait,
une relation positive entre la spéculation à court terme et la volatilité excessive des marchés. Ils
supposent implicitement une segmentation des participants aux marchés en deux catégories bien
distinctes. La première catégorie est constituée des investisseurs à long terme. Ces derniers sont
généralement intéressés par l’évolution à long terme de la valeur des entreprises et donc de leurs
actions. Ces investisseurs réalisent peu de transactions sur les marchés, et ils ne sont pas à l’origine
des mouvements de court-terme sur ces derniers. La seconde est constituée des spéculateurs, qui à
l’inverse, sont intéressés par les mouvements ainsi que les changements de tendance des cours des
actions à court terme. Leur volume de transaction est important et très largement supérieur au
volume de transactions réalisées par les investisseurs à long terme. Par conséquent, et logiquement,
leur comportement doit être la cause principale des excès de volatilité sur les marchés de capitaux.
D’emblée, il apparâıt que la structure des marchés de capitaux et la répartition par marché des
transactions entre les intervenants à court terme et les investisseurs à long terme est essentielle pour
expliquer l’impact d’une taxe d’accise sur la volatilité du marché. C’est pourquoi dans la littérature,
de nombreuses études se sont concentrées sur les importances respectives des intervenants sur les
marchés tels que les spéculateurs et les investisseurs à long terme, ainsi que les agents fournissant
de la liquidité aux marchés (”teneurs de marchés” ou ”market-makers”) pour estimer l’impact final
d’une telle taxe.

A la suite de la crise financière de 2007-2008, la règlementation financière a été revue et remaniée
dans la plupart des pays afin d’éviter la répétition d’un tel scénario dans le futur. Les responsables
de politique économique ont naturellement considéré l’idée d’imposer une taxation des transactions
financières dans l’esprit des taxes proposées par Keynes, Tobin et Stiglitz. Par exemple, aux Etats-
Unis, l’administration Obama a proposé dans le projet de budget fédéral pour l’année 2012, une
taxation de 0.02 pour cent du montant notionnel des transactions sur futures, à payer par chacune
des parties de la transaction. En Europe, dès 2012, la France et l’Italie ont chacune mise en place
une taxation des transactions financières à des taux respectifs de 0.3 et 0.2 pour cent. Ces taxes
sont imposées sur les instruments ”cash” à l’exclusion des produits dérivés. Elles ne s’appliquent
pas aux transactions initiées et débouclées dans la même journée, ainsi qu’aux agents financiers.

2



L’Union Européenne, a elle aussi, envisagé plusieurs fois dans le passé l’instauration d’une taxe
sur les transactions financières. Une première proposition visant à instituer une taxe s’appliquant
aux banques a été rejetée en 2010. En 2011, un nouveau projet a été proposé avec un horizon de
mise en place de 2014. Ce projet avait l’appui initial de la France, de l’Italie, de l’Allemagne et
des Pays-Bas. Il était fermement combattu par le Royaume-Uni. Depuis ce projet est toujours en
discussion.

Cette thèse a pour objet l’étude des conséquences, sur les marchés de capitaux, du projet de taxation
des transactions financières de l’Union Européenne, tel qu’il est défini actuellement. Ce projet
institue une taxe hybride entre la taxe Tobin classique sur les marchés de devises et le concept de
Standard Transaction Excise Tax (STET) introduit par Stiglitz et Summers and Summers (1989),
reprenant une idée originale de Keynes, et concernant le marché des titres. Cette nouvelle STET
européenne consiste en une taxation des transactions financières réalisées à l’intérieur de l’Union
Européenne, ou par des institutions financières domiciliées dans l’Union. Cette taxe s’applique
aux transactions sur produit cash et dérivés, dès lors qu’au moins une des deux contreparties est
domiciliée dans l’Union Européenne. Les transactions sur produits dérivés sont taxées à 0.01 pour
cent de la valeur notionnelle des contrats échangés. Les transactions sur produits au comptant sont
taxées à un taux de 0.1 pour cent de la valeur de marché des transactions. Un taux de 0.1 pour
cent s’applique également sur chaque transaction consistant en prêt ou emprunt de titres. Le sujet
étant très vaste, on limite l’étude aux marchés des actions et des obligations. Après avoir présenté
la littérature, et l’angle d’approche retenu pour cette thèse, nous présenterons dans une troisième
section les principaux résultats. La dernière section est consacrée à la conclusion générale de la
thèse.

I. La Littérature

La littérature (cf.références, en annexe) est très abondante sur les effets d’une STET sur les marchés
financiers, notamment en ce qui concerne les impacts possibles sur: (i) le coût du capital pour
les entreprises, (ii) la volatilité et (iii) la liquidité et les volumes des transactions. Les études
diverses sont soit des études théoriques, en nombre réduit, considérant des modèles d’équilibre
général (par exemple Habermeier and Kirilenko (2003)), soit des études empiriques qui étudient
les effets des expériences passées concernant l’impact de l’introduction de taxes de type STET
dans divers pays (Royaume-Uni, Suède, France, Etats-Unis) (Anthony et al. (2012), Bjursell et al.
(2006), Bessembinder (2002), Campbell and Froot (1994), Capelle-Blancard and Havrylchyk (2016),
Habermeier and Kirilenko (2003), Hakkio et al. (1994), Hau (2006), Hawkins and McCrae (2002),
Jones and Seguin (1997), Matheson (2003), Roll (1989), Saporta and Kan (1997),Schwert and
Seguin (1993), Umlauf (1993), Westerholm (2003). Nous conclurons cette brève revue de littérature
par une analyse critique qui nous permettra de définir notre propre angle d’approche.

I.1 Effet sur le coût du capital

Concernant ce premier point, il existe un consensus sur l’effet de la hausse du coût du capital
pour les entreprises. Les études disponibles (principalement empiriques) concluent en général à un
impact négatif à moyen terme (à l’horizon de quelques années) sur les prix des actifs financiers
(essentiellement les actions).
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I.1.1 Etudes Théoriques

Parmi les études théoriques, une étude réalisée pour le compte du service des études économiques de
la Commission Européenne Lendvai J. (2012) fondée sur un modèle d’équilibre général, et utilisant
les spécifications du projet Européen a conclu à un impact de 0.09 pour cent sur le coût du capital.

Amihud and Mendelson (1986) démontrent que l’accroissement du spread bid-ask consécutif à
l’introduction de la taxe va conduire les investisseurs à anticiper une hausse des rendements de leurs
investissements se traduisant finalement par une hausse du coût du capital pour les entreprises.

D’autres auteurs, tels que Brennan and Subrahmanyam (1996) trouvent une relation négative
entre la liquidité des actions et leur performance. Par conséquent, toute baisse de la liquidité
consécutive à l’introduction de la FTT, devrait induire une hausse des performances attendues par
les investisseurs et donc un accroissement du coût du capital pour les entreprises.

I.1.2 Etudes Empiriques

Les études empiriques analysent les conséquences des expériences passées d’introduction de taxes
sur les transactions financières, principalement en Suède et au Royaume-Uni. Dans le cadre de
l’introduction d’une STET en Suède, dans les années 1980 et 1990, Westerholm (2003), puis Umlauf
(1993) trouvent un impact significativement négatif de l’introduction de cette taxe sur le cours des
actions. Umlauf démontre ainsi que l’indice des actions suédoises a chuté de 2.2 pour cent le jour
où la taxe de 1 pour cent a été introduite et de 0.8 pour cent le jour où cette taxe a été portée à 2
pour cent. Westerholm conclut qu’une baisse de 1 pour cent de la taxe conduirait à une hausse de
7.5 pour cent de cet indice et une suppression complète à une hausse de 9.7 pour cent.

Transposant ces résultats au cas du Royaume-Uni, Saporta and Kan (1997), en analysant les cours
historiques de la bourse de 1969 à 1996, trouvent des résultats similaires et concluent qu’une baisse
de 1 pour cent de la Stamp Duty Tax conduirait à une hausse de 6.24 pour cent de l’indice
général des actions. Hawkins and McCrae (2002) analysent la suppression éventuelle de cette taxe
et trouvent une hausse comprise entre 6.75 et 12.25 pour cent suivant les hypothèses faites quant
à l’impact de la suppression de la taxe sur les volumes de transactions.

I.2 Effet sur la Volatilité

Il n’existe pas en fait de consensus général sur l’impact de l’introduction d’une STET sur la volatilité
des marchés financiers. Une revue détaillée de la littérature très abondante sur ce sujet conclut
qu’une multitude d’auteurs arrivent à mettre en évidence: soit un accroissement ou une baisse de
la volatilité, mais aussi une absence d’impact de la taxe sur la volatilité des marchés financiers.

I.2.1 Etudes Théoriques

Les études théoriques sur le sujet sont en général fondées sur l’utilisation de modèles d’équilibre
général. Selon Kupiec (1996), une taxe sur les transactions financières dans un modèle d’équilibre
général a des effets ambigus sur la volatilité des actifs financiers. La volatilité des actifs les plus
risqués va baisser tandis que le prix de ces actifs va baisser. L’auteur conclut à l’existence de
plusieurs scénarios possibles, quant à l’impact sur la volatilité d’une taxe sur les transactions
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financières. L’introduction d’une telle taxe peut finalement conduire à une hausse, une baisse ou
une stabilité de la volatilité.

Song and Zhang (2005) analysent plus particulièrement le comportement des agents spéculateurs
dans le cadre d’un modèle d’équilibre général et concluent au fait que le volume des transactions
initiées par les autres agents tels que les arbitrageurs et les investisseurs à long terme pourrait être
affecté négativement par l’introduction de la taxe. L’effet net et résultant de l’introduction d’une
telle taxe devrait dépendre en fait de la modification éventuelle de la structure de population des
intervenants sur les marchés financiers. Notamment, la modification des répartitions respectives
des volumes de transactions entre agents spéculateurs, arbitrageurs et investisseurs est susceptible
de modifier l’impact final de la taxe sur la volatilité. Cet effet de ”composition” de la population
des intervenants sur les marchés interagirait selon les auteurs avec les conséquences d’une possible
réduction du volume des transactions et de la liquidité. L’effet final résulterait directement des
importances relatives de ces deux facteurs de structure et de liquidité.

I.2.2 Etudes Empiriques

Parmi les études empiriques relatives à l’impact d’une taxe sur les transactions financières, une
analyse détaillée met en évidence deux groupes distincts de travaux de recherche qui arrivent
chacun à des conclusions différentes, quant au sens de l’impact d’une telle taxe sur la volatilité des
actifs financiers. Le premier groupe conclut à l’absence d’effets sur la volatilité des actifs d’une
taxe sur les transactions financières. Le second groupe d’études conclut à un effet sur la volatilité,
mais les conclusions quand au sens de cet impact, sont partagées, certaines trouvant une hausse et
d’autres une baisse de la volatilité.

-Premier groupe: Roll (1989) a mis en évidence dans une étude sur les conséquences du krach
d’octobre 1987, qu’une taxe sur les transactions financières n’avait pas d’impact négatif significatif
sur la volatilité du prix des actifs financiers. Mulherin (1990), en étudiant les cours des actions
sur les marchés américains pour la période s’étendant de 1897 à 1987 a conclu que l’instauration
d’une taxe sur les transactions financières ne conduirait pas nécessairement à une réduction de la
volatilité du prix des actions. Umlauf dans le cas de l’introduction d’une taxe sur les transactions
financières en Suède ne trouve pas de différence significative sur le niveau de volatilité des cours des
actions, entre les différents ”régimes fiscaux” qu’a connu la Suède, concernant cette taxe. Une FTT
fut introduite pour la première fois en 1984 à un taux de 1 pour cent, et ce taux a été augmenté,
dès 1986 à 2 pour cent de la valeur des transactions à payer par chaque partie de la transaction.

Saporta and Kan (1997) ont étudié les conséquences de l’introduction du ”Stamp Duty” (”droit
d’enregistrement”) au Royaume-Uni en 1994. Cette taxe a un champ d’application plus limité
que la FTT, car elle exclut de son périmètre les institutions financières et notamment les ”teneurs
de marchés”. Les auteurs ont comparé systématiquement la volatilité des mêmes actions cotées à
la fois au Royaume-Uni et aux Etats-Unis (actions de type ”American Deposit Receipts”) et ont
conclu que la volatilité de ces dernières était inférieure. Cependant, ils ont finalement conclu à
l’absence d’effet significatif de la taxe sur la volatilité du cours des actions. Une étude de Capelle-
Blancard and Havrylchyk (2016) a revu les conséquences de l’introduction en France, dès 2012,
d’une taxe sur les transactions financières de 0.2 pour cent du montant des transactions, portée
par la suite en 2016 à 0.3 pour cent. Cette taxe, qui existe toujours, a un champ d’application plus
réduit que le projet Européen de FTT ou même que le ”Stamp Duty” du Royaume-Uni. En effet,
elle ne concerne pas les transactions initiées et débouclées dans la journée, et ne s’applique pas
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aux transactions conduites par les institutions financières, elle ne s’applique qu’aux transactions
effectuées comptant. L’auteur conclut que cette taxe n’a pas eu d’effet significatif sur la volatilité
des actions sur le marché Français, depuis son introduction.

D’autres études empiriques ont examiné l’impact de la dérèglementation ou de la suppression de
taxes financières existantes sur la volatilité des actions. Jones and Seguin (1997) ont revu ainsi
les conséquences de la suppression du minimum imposé sur les frais de courtage aux Etats-Unis en
1975. Cette mesure revient en fait à diminuer les coûts de transaction et est directement comparable
à la suppression d’une taxe sur les transactions financières. Les auteurs ont mis en évidence une
baisse de la volatilité sur le marché NYSE de New York survenant après que ce minimum ait été
supprimé. Cependant, ils ont admis que ce mouvement de baisse de la volatilité est également
survenu sur le marché NASDAQ qui lui n’était pas sujet à ce taux de courtage minimum.

-Deuxième groupe: Ces études se concentrent sur le lien possible entre les coûts de transaction
et la volatilité pour être en mesure de conclure sur l’impact possible de la FTT sur la volatilité.
Aux Etats-Unis, Bessembinder (2002) a ainsi mis en évidence le fait que la volatilité avait été
réduite pour les actions dont la cotation avait été transférée du NASDAQ au NYSE où les coûts de
transactions sont plus faibles. Dans le cas du marché Francais, Hau (2006) a trouvé une relation
directe entre les coûts de transaction et la volatilité qui est, selon lui, d’autant plus grande que les
coûts de transaction sont élevés.

I.3 Effet sur la Liquidité et les Volumes de Transactions

Les études disponibles sont en général plus empiriques que théoriques. Un modèle d’équilibre
général du prix des actifs et des volumes de transactions a été introduit par Lo et al. (2004). Selon
ces auteurs, une faible augmentation des coûts de transaction serait à même de réduire significa-
tivement les volumes de transaction. Stiglitz (1989) conclut au fait que le coût de transaction est
susceptible de réduire la liquidité du marché, bien que pour les marchés les plus liquides, il arrive
à la conclusion que ” pour les actions qui font l’objet d’un large volume de transactions,
il est difficile, d’un point de vue pratique et théorique de croire que cet effet puisse
être significatif”. L’idée sous tendue dans les études sur le sujet est que la réduction de la
profitabilité des actifs de trading spéculatif va conduire à diminuer la fréquence des transactions.
L’impact sur le prix de marché des nouveaux ordres arrivant sur le marché devrait alors augmenter.
Conséquemment, les intervalles bid-ask spread du marché devraient s’élargir et la liquidité diminuer.

Par ailleurs de façon évidente, il apparâıt que la liquidité des marchés devrait être affectée négativement,
dans le cas où il existerait la possibilité de transférer les opérations vers un marché exempt de taxe.
C’est ce qu’ont vérifié les diverses études dans le cas Suédois.

Les études empiriques sont fondées sur les expériences passées d’introduction d’une taxe sur les
transactions financières dans divers pays. Elles examinent principalement l’effet des coûts de trans-
action sur les volumes et essayent d’estimer une élasticité des volumes par rapport aux coûts dans
les marchés d’actions. Ces études analysent les impacts possibles de la taxe sur les volumes tant
pour les produits cash que pour les instruments dérivés tels que les Futures.

De multiples travaux établissent une relation négative entre les coûts de transaction et les volumes
échangés sur les marchés d’actions au comptant. Les volumes sont d’autant plus faibles que les
coûts de transaction sont élevés. Umlauf estime ainsi que 30 pour cent du volume des transactions
sur les 11 actions les plus traitées sur le marché Suédois, ont été transférés vers Londres à la
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suite de l’accroissement de 1 à 2 pour cent du taux de la taxe qui a été mis en place en 1986.
Cette conclusion est corroborée par Campbell and Froot (1994) qui estiment également que les
investisseurs Suédois ont transféré leurs opérations à l’étranger à la suite de l’introduction de la
taxe. Ces deux auteurs estiment que l’élasticité de long terme des volumes de transaction par
rapport au coût de transaction est de -1.5.

Par ailleurs ces deux auteurs postulent deux principes à respecter sur l’homogénéité de la taxa-
tion des transactions financières suivant la zone géographique, qui doivent permettre d’ éviter des
délocalisations importantes des transactions entre divers marchés. Le premier principe postule que
les instruments financiers offrant le même pay-off doivent être taxés de la même manière. Le sec-
ond principe énonce que les instruments financiers utilisant les mêmes ressources doivent payer la
même taxe. Par exemple, la Suède taxait directement les services de courtage d’action alors que le
Royaume-Uni ne taxe que l’enregistrement de la propriété des actions.

Pour les produits Futures, Bjursell et al. (2006) étudient l’impact du spread bid-ask sur les volumes
de transaction de Futures sur la période 2005-2010. Ils concluent que des spread bid-ask élargis
conduisent, toutes choses égales d’ailleurs, à des volumes réduits. En considérant qu’une FTT
conduirait nécessairement à un élargissement des spreads, ils concluent que l’implémentation d’une
telle taxe devrait conduire à une réduction significative des volumes échangés sur les marchés de
Futures,

En ce qui concerne la France et son expérience d’introduction d’une FTT en 2012, portant sur les
transactions au comptant et excluant les market-makers, Colliard and Hoffmann (2017) concluent
que ce dispositif a conduit à une baisse de la qualité du marché des actions en France, en diminuant
la liquidité et le volume des transactions. La raison principale de cette détérioration proviendrait
selon eux, du fait que cette taxe, conduirait à une baisse significative de l’activité des investisseurs
institutionnels. Cette taxe de plus, est paradoxale, car elle exclut le trading à haute fréquence, et
s’applique à tous les acteurs du marché, sauf les spéculateurs. La baisse du volume des transactions
induite par la mise en place de cette taxe s’élèverait selon ces auteurs à environ 10 pour cent depuis
2012..

I.4 Analyse critique de la littérature existante

1. L’utilisation de l’abondante littérature sur le sujet dans le but d’imaginer les conséquences
probables de la mise en place du projet Européen de FTT est rendue difficile par le fait que les
divers travaux évoqués plus haut, retiennent des modalités de mise en oeuvre d’une telle taxe qui
peuvent être très différentes les une des autres.

Ceci est particulièrement vrai pour les études empiriques qui étudient ex-post les expériences his-
toriques passées d’introduction d’une taxe sur les transactions financières dans divers pays. Les
dispositions pratiques des taxes analysées dans la plupart de ces études sont en fait très différentes
les unes des autres. Elles sont aussi généralement différentes des dispositions qui figurent dans
le projet actuel de l’Union Européenne. Par exemple, le projet Européen retient une taxation de
toutes les transactions financières sur produits cash et dérivés. De plus les transactions permettant
le financement de ces opérations et telles que les opérations de prêt et emprunt de titres, sont
également assujetties à cette taxe. Enfin, cette taxe est payée par les deux parties d’une même
transaction des lors que l’une d’entre elles au moins est domiciliée dans l’Union Européenne.

A l’inverse, les expériences d’introduction d’une taxe sur les transactions financières ont consisté
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en une taxation partielle des transactions. Par exemple, au Royaume-Uni, la tax ”Stamp Duty”
n’est due que sur les achats d’actions au comptant. Elle ne s’applique ni aux produits dérivés,
ni aux institutions financières. Aux Etats-Unis, le projet considéré n’envisageait qu’une taxation
des transactions sur les Futures, et excluait les transactions au comptant portant sur des actions.
En France, la taxe de 0.2 pour cent du montant des transactions introduite en 2012 (et portée a
0.3 pour cent depuis) ne s’applique qu’aux achats au comptant, et exclut les opérations initiées et
débouclées le même jour. Elle ne s’applique ni aux institutions financières ni aux produits dérivés.

Les études théoriques considèrent généralement le cadre d’un modèle d’équilibre général, et ne
retiennent pas la possibilité de taxer différemment divers produits, tels que les produits cash et
dérivés. Elles étudient en général un indice boursier, et non pas des actions spécifiques. Elles ne
considèrent donc pas les caractéristiques spécifiques d’une action, notamment, les caractéristiques
économiques de la société émettrice des titres et les possibles interactions de sa structure de capital
avec la mise en place de la FTT ne sont pas discutées.

2. De façon surprenante, les effets, sur la volatilité, d’une taxe de type STET n’ont encore jamais été
abordés via l’angle des marchés d’options sur les titres financiers, alors que ces marchés déterminent
la volatilité anticipée des titres financiers qui sont les actifs sous-jacents des contrats d’option
concernés.

De plus, les développements des marchés financiers sur les dernières années ont permis l’émergence
d’indicateurs spontanés de volatilité et de variance tels que les indices VIX R© et VSTOXX R© qui
sont fondés sur l’observation des prix de portefeuilles composés d’options sur indice ou d’options
sur actions. Ces indices sont connus en temps réel et peuvent être construits dès lors qu’il existe un
marché suffisamment liquide d’options sur l’actif sous jacent. Enfin, dans les marchés d’options sur
un actif sous jacent donné et qui sont suffisamment liquides, il est désormais possible de procéder
à des transactions sur la volatilité anticipée de l’actif sous-jacent, en utilisant des instruments du
type Swap de Variance ou Swap de Volatilité. Ces produits sont construits par réplication d’un
portefeuille d’options, si le marché d’options associé est suffisamment liquide.

La prévision de l’impact sur ces marchés financiers de l’introduction d’une Financial Transaction
Tax (FTT) serait à même de répondre à la question de l’impact de la taxe sur la volatilité. De
même, l’analyse de l’impact sur le coût du capital ne prend pas en compte jusqu’ici les marchés
dérivés de crédit. Cette lacune s’explique, selon nous, par le fait que la plupart des introductions
de taxes de type STET ont été faites dans le passé à des époques (jusque vers les années 1990) où
les marchés dérivés sur actions et sur le crédit n’ existaient pas.

3. Enfin, le lien entre l’impact éventuel de la FTT sur la volatilité et le coût du capital n’est abordé
à notre connaissance que dans les études empiriques mentionnées plus haut, et jamais sous l’angle
d’une modélisation théorique décrivant la structure du capital de l’entreprise émettrice de titres.
La valeur d’une action ainsi que la valeur de l’option associée dépend en effet principalement de
facteurs économiques spécifiques, telles que son secteur d’activité économique, son endettement, sa
profitabilité, ainsi que le taux de taxation des profits auquel elle est soumise. De ce fait, il n’est
pas du tout établi qu’une mesure générale décidée au niveau Européen et affectant l’ensemble des
titres ait un effet homogène sur chacune des actions cotées.

Cette seconde lacune peut s’expliquer, selon nous, dans une très large mesure par le fait que les
marchés permettant l’arbitrage (”Capital Structure Arbitrage”) entre les instruments financiers
dérivés de crédit et dérivés actions émis par une même firme, ne sont développés que récemment.
Les marchés des Crédit Defaults Swaps (CDS) ou les Collateralized Debt Obligation (CDO) se sont
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ainsi développés depuis le début des années 2000. Les marchés dérivés actions traitant des variances
swaps sont arrivés un peu avant, mais leurs versions sur les places de marché, notamment les indices
de volatilité sur indices ou sur certaines actions très liquides sont arrivés plus tardivement. De plus,
ces marchés ont failli disparâıtre, ou dans le meilleur des cas ont stagné, entre 2008 et 2015 à la
faveur de la crise financière qui a précédé et suivi la faillite retentissante de Lehman Brothers.

II. Notre Approche

II.1 Impact de la FTT sur les marchés d’Options

Compte tenu des points évoqués plus haut, l’approche choisie dans le chapitre I va consister à
étudier en premier lieu l’impact de la FTT sur les marchés d’options, sous l’angle de la modification
éventuelle du comportement des teneurs de marché ( market-makers ) à la suite de l’introduction
de cette dernière.

Nous revoyons dans le chapitre I, le concept de volatilité implicite d’une action, et sa relation avec
les coûts de transaction. Cette notion de volatilité est dérivée de l’observation du prix des options
Européennes sur les marchés d’options. A tout instant, il est possible d’observer le prix de l’option
pour un prix d’exercice et une maturité donnée. En utilisant les valeurs de marché de paramètres
tels que le taux d’intérêt sans risque, et le niveau attendu des dividendes futurs, il est alors possible
de déduire la valeur de la volatilité implicite de l’actif sous-jacent par inversion de la formule de
Black-Scholes.

Ce concept nous permet de considérer que la volatilité est elle même une grandeur observable
sur le marché des options. L’espérance de la valeur de la variance est déterminée, quant à elle,
sur le marché des swaps de variance. En faisant l’hypothèse simplificatrice que la volatilité d’un
actif est constante pour une maturité donnée, et ne dépend pas du niveau de l’actif sous-jacent, la
détermination de la variance anticipée sur le marché des swaps est cohérente avec la la volatilité
observée sur le marché des options, sous l’hypothèse que ce dernier soit très liquide. Ce raisonnement
explique le mode de calcul d’indices de volatilité tels que le VIX R© ou le VSTOXX50 R© à partir de
l’observation du prix des options Européennes sur un marché donné.

Très vite, la notion de liquidité du marché d’options concerné apparâıt critique, car elle va condi-
tionner l’ampleur de la répercussion d’une hausse du coût de transaction sur les prix affichés par
les teneurs de marchés.

La formulation du prix théorique des options établie par Black-Scholes retient le cas d’un marché
d’action parfait et infiniment liquide où les coûts de transaction sont nuls. Les coûts de transaction
usuels et réels d’un teneur de marché sur options comprennent le spread bid-ask qu’il doit payer au
marché lorsqu’il couvre son option par un portefeuille de réplication couvrant le risque de marché
représenté par la vente de l’option. L’hypothèse de Black-Scholes n’est donc pas réaliste. Elle
a depuis été corrigée par divers économistes tels que Leland (1985) ou Boyle and Vorst (1992).
Ces auteurs concluent au fait que la présence de coûts de transactions sur l’actif sous-jacent va
conduire le teneur de marché d’options à élargir son spread de cotation sur le prix de l’option. Il
aura tendance à vendre plus cher l’option afin de couvrir l’espérance de ses coûts de transaction,
et réciproquement d’acheter moins cher l’option dans le marché, pour la même raison. Selon ces
auteurs, il est possible de construire une règle d’approximation permettant de calculer la correction
de volatilité nécessaire pour couvrir l’espérance de ces coûts de transaction, dans l’hypothèse où
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l’option est détenue jusqu’à sa maturité. Cette correction est fonction d’une part, du nombre de
réajustements à envisager durant la durée de vie de l’option considérée, d’autre part du seuil de
déclenchement du processus de réajustement du portefeuille de réplication de l’option.

Pour ces raisons, les praticiens de marché ainsi que les ”teneurs de marché” (market-makers) ont
le réflexe immédiat de transcrire dans les spreads de type ”bid-ask” sur leurs options, toute modifi-
cation du coût de transaction sur l’actif sous-jacent. La FTT va constituer un coût supplémentaire
à rajouter à ce spread bid-ask. Ce coût de transaction supplémentaire, va nécessairement affecter
l’intervalle bid-ask de volatilité implicite déterminé par les teneurs de marchés.

En appliquant les calculs de Boyle and Vorst, il est ainsi possible, dès que l’on fixe une règle de
réajustement du portefeuille de réplication, de quantifier l’impact sur le prix des options du taux
de FTT. Par inversion de la formule de Black-Scholes, il va alors être possible de déduire l’impact
du coût de transaction accru sur l’intervalle bid-ask de volatilité implicite.

Ce calcul s’entend pour les options qui sont détenues jusqu’à l’échéance par le teneur de marché.
Intuitivement, on voit que si le teneur de marché est en mesure de retourner sa position dans le
marché en trouvant un agent intéressé par sa position, il ne portera plus ces coûts de transaction
jusqu’à l’échéance et finalement n’en supportera qu’une fraction.

Les recherches concernant les marchés dérivés d’options et de crédit, et les techniques d’analyse des
coûts de transaction, se sont développées depuis le début des années 1980. Ces techniques ont visé à
améliorer la profitabilité des opérateurs de type teneurs de marchés en considérant l’optimisation
stochastique de leur profit ou de leur fonction d’utilité, pour un horizon temporel donné, l’objectif
étant de maximiser la richesse finale du teneur de marché, à l’issue de cette période.

Le teneur de marché doit en effet, d’un coté régler l’intensité des ordres qu’il va exécuter en ajustant
son spread bid-ask. Plus ce dernier est étroit, plus le volume d’opérations qu’il traitera sera élevé,
et moins sa marge sera grande. De l’autre coté, il doit avoir un spread suffisant pour couvrir le
risque de porter des positions exposées au risque de marché.

Par résolution des équations du type HamiltonJacobi Bellman (HJB), on arrive à trouver les spread
bid-ask qui permettent la résolution de ce programme, sous l’hypothèse d’un marché de l’actif sous-
jacent très liquide Avellaneda and Stoikov (2008). Le critère de liquidité étant de pouvoir accepter
en permanence des ordres d’achat et de vente à cours limité sur l’actif sous-jacent.

Dans ce cas, il est possible de considérer des solutions asymptotiques de HJB. Dans le cas où
le marché des options associé est lui-même très liquide (par exemple, une action pour laquelle il
existe un marché où s’échange un swap de variance sur cette action), il est également possible de
considérer l’action synthétique reproduite à partir d’options Européennes de type call et put, et
d’en déduire alors les spreads sur les contrats d’options, en fonction de l’horizon choisi par le teneur
de marché.

II.2 Prise en Compte de l’Interaction entre les Effets de la FFT sur la Volatilité

et Ceux sur les Coûts du Capital

Conformément à l’analyse critique de la littérature, les deux derniers chapitres sont consacrés à
l’étude de l’interaction entre les modifications de la volatilité et des coûts du capital, consécutives
à l’introduction de la FTT.

On considère d’emblée une approche structurelle reliant par Capital Structure Arbitrage (CSE) les
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marchés respectifs:

(i) des produits dérivés d’actions

(ii) des dérivés de crédit

(iii) des marchés d’actions et d’obligations.

Contrairement aux conclusions de la littérature existante, les effets d’une mesure de taxation ho-
mogène vont alors dépendre de caractéristiques micro-économiques (bilan, volatilité initiale, credit
rating) propres à l’entreprise. Ainsi l’impact d’une mesure générale, telle que l’introduction de la
FTT, peut dépendre de caractéristiques structurelles spécifiques au niveau micro-économique.

On va examiner plus particulièrement les effets induits par le niveau d’imposition de l’entreprise
qui dépend lui-même du pays où cette entreprise est domiciliée fiscalement. La déductibilité fiscale
des intérêts versés aux créanciers obligataires introduit une dissymétrie entre le comportement des
actions et celui des obligations. Le cours des obligations est insensible aux variations du taux
d’imposition sur les bénéfices de la société. Par contre la valeur de la société, ainsi que celle de
ses fonds propres, et finalement la valeur de l’action vont dépendre de ce taux d’imposition, et
notamment des crédits d’impôts qu’il génère. De même, la liquidité plus abondante du marché
des actions par rapport à celui des obligations émises par les entreprises suggère un traitement
différencié des effets sur les obligations et sur les actions.

On considère donc ainsi deux chapitres distincts quand au coût du capital:

(i) Le chapitre II se concentre sur l’analyse de la dette obligataire, et les conséquences sur le
marché primaire obligataire de l’ introduction de la FTT. Ces conséquences sont ensuite directement
traduites en termes de coût marginal du capital pour la société.

Le chapitre II est la pierre angulaire de notre approche, car on y considère la propagation éventuelle
par CSE des effets de la FTT aux marchés de crédit et aux marchés obligataires.

(ii) Dans le chapitre III, on considère la structure globale du capital de la société, et la possible
réaction de l’entreprise en termes d’ajustement optimal de sa structure financière à l’introduction
de la FTT. On examine notamment la maximisation de la valeur de la société et l’allocation des
financements entre émissions d’actions et d’obligations. On étudie ensuite l’impact final sur le prix
théorique des actions et sur la volatilité réelle, ainsi que sur le prix des obligations pour finalement
conclure.

III. Principaux Résultats

III.1.Volatilité

En appliquant des règles bien connues concernant la gestion, et le réajustement au jour le jour de la
couverture des portefeuilles d’options, la prise en compte du coût de transaction supplémentaire que
représente la FTT va conduire à un élargissement du spread bid-ask du prix des options sur actions.
Il en résulte mécaniquement un élargissement du spread bid-ask sur la volatilité. D’un point de vue
quantitatif, cet effet va être une fonction croissante du taux de la taxe sur les transactions, de la
fréquence d’ajustement des couvertures du portefeuille d’options, ainsi que de la liquidité effective
des marchés d’options. On retient une fréquence d’ajustement qui dépend en fait de la variation
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relative du sous-jacent, et l’on utilise les travaux de Boyle et Vorst pour formaliser cet impact
lorsque la volatilité est constante. Notre approche permet de compléter la littérature en prenant en
compte d’une part, les coûts initiaux de constitution du portefeuille de couverture et les éventuels
coûts de livraison à l’échéance. On considère également la possibilité d’une volatilité non constante,
voire elle même stochastique. Dans ce cas, l’on conclut qu’il n’existe pas de formule fermée pour
calculer cet impact, et qu’il convient alors de procéder à des simulations de type Monte-Carlo pour
obtenir une estimation quantitative.

Par souci de simplification, l’analyse est conduite par la suite en supposant que la volatilité est
constante.

De façon générale, il existe une asymétrie entre les vendeurs et les acheteurs d’options, qui est due
à l’effet de convexité généré par le ”gamma” de l’option (dérivée second de la valeur de l’option
par rapport au sous-jacent). On conclut alors que la FTT va entrâıner une hausse du prix milieu
des options détenues jusqu’à leur échéance. Par conséquent, il va s’ensuivre une hausse de la valeur
milieu de la volatilité.

Dans le cas où les marchés d’options sont peu liquides, et en particulier dans le cas d’un marché dit
d’assurance pure, où les teneurs de marché font face à des agents qui cherchent à détenir des options
jusqu’à leur échéance, on démontre également que la valeur milieu de la volatilité va augmenter.

Dans le cas des marchés d’actions très liquides, (où il est possible d’exécuter des ordres d’achat ou
de vente à cours limité) et dont le marché d’options associé est très liquide (où l’horizon du teneur
de marché est de l’ordre de la journée), on utilise l’approximation asymptotique des équations de
Hamilton Jacobi Bellman (HJB) pour prouver qu’il y a, dans ce type de situation, un impact très
faible, voire négligeable, sur la volatilité implicite des actions concernées. Pour obtenir ce résultat,
on traite à la fois des teneurs de marchés ayant une fonction d’utilité neutre au risque, et ceux qui
incorporent une aversion au risque. On démontre que la contrainte de compétition entre les deux
types d’agents, conduit les agents averses au risque à considérer un coefficient d’aversion qui est
majoré par le gamma de(s) option(s) utilisées pour construire l’action synthétique. On en déduit
alors, en considérant la profondeur du marché, que l’impact sur la volatilité est inférieur au pas de
cotation ( tick ) dans les marchés suffisamment liquides. L’impact sur la volatilité est le plus faible
pour les options qui peuvent être répliquées par des Futures ou des combinaisons d’options telles
que les actions synthétiques.

La possibilité d’un arbitrage fiscal massif entre les produits cash et les produits dérivés qui s’explique
par les taux respectifs des taxes sur ces produits, devrait conduire, si la taxe est introduite, à
développer le marché des produits dérivés de type ”Delta one” tels que les marchés de Futures sur
actions (”Single Stock Futures”) qui ne sont actuellement pas très liquides, ou les marchés d’actions
synthétiques. Dans ce cas, les portefeuilles de couverture d’options, qui utilisent actuellement
des actions au comptant devraient utiliser principalement des Futures sur actions, ou des actions
synthétiques afin de minimiser l’impact des coûts de transaction.

En définitive, dans notre approche, du fait que la FTT constitue un coût additionnel de transaction,
l’introduction d’une telle taxe conduira toujours à une hausse de la volatilité implicite des options
qui sont détenues jusqu’à leur échéance par les teneurs de marché. C’est finalement la liquidité
du marché des options et la possibilité de retourner très rapidement la position qui va permettre
d’amoindrir considérablement l’impact initial de façon à ce qu’il devienne de l’ordre du tick de
cotation. De plus, l’existence, dans les modalités d’application de la FTT, de taux de taxation
favorisant les transactions sur dérivés au détriment des transactions sur cash, va favoriser la substi-
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tution des dérivés aux actions dans la gestion des portefeuilles de réplication et baisser davantage
les coûts de transaction. Enfin, les dérivés de type delta-one peuvent être répliqués par des actions
synthétiques qui sont elle mêmes des combinaisons d’options, de telle sorte que les volumes de
transactions sur les options devraient eux-mêmes augmenter.

A contrario, si le marché d’options cesse d’être liquide, (par exemple pour des maturité relativement
longues, comme on le verra dans le chapitre III), alors que le marché de l’actif sous-jacent reste
liquide, cet effet n’existe plus, et de facto il y a alors une hausse de la volatilité.

III.2 Impact sur la Liquidité et les Volumes

On met en évidence que, si la liquidité des marchés d’options est suffisante, la mise en place de la
FTT va accroitre encore la liquidité de ces derniers, et plus généralement la liquidité de tous les
produits de type ”Delta-One” dérivés de la même action cash (”la liquidité appelle la liquidité”). Ce
phénomène est dû à la substitution massive des transactions sur produits synthétiques ou dérivés
aux transactions portant sur actions au comptant. Cette substitution est due aux dispositions
particulières du projet Européen actuel de FTT. Dans ce projet, les produits dérivés sont taxés à
un taux de 0.01 pour cent du montant notionnel des transactions. Dans le même temps, les produits
traités comptant, se voient appliquer une taxe à un taux de 0.1 pour cent sur le montant de la
transaction. De plus, les opérations de financement des achats ou ventes d’action au comptant,
sont également taxées au même taux. Un aller retour comportant une période de financement est
donc taxé à 0.4 pour cent de la valeur de la transaction alors que le même aller retour utilisant des
produits dérivés de type Delta one sera taxé à un taux de 0.02 pour cent de la valeur notionnelle
du contrat.

Par conséquent, il est probable que tous les agents autres que ceux intéressés par la détention
physique de l’action (et les droits de vote attachés) vont alors se tourner vers les produits dérivés,
qui font l’objet d’une taxation nettement moindre. Afin d’évaluer complètement les conséquences
de la mise en place de la FTT sur le marché de l’actif sous-jacent, il convient en fait de considérer
le marché combiné constitué par l’agrégation des marchés au comptant et dérivés portant sur le
même actif sous-jacent.

Les résultats du chapitre III, démontrent que l’introduction de la FTT va avoir un effet négatif à
court terme sur le prix des actions sur le marché secondaire, pour les sociétés qui ont une dette
constituée d’obligations dont la maturité résiduelle est inférieure à 15-20 ans environ. Ceci devrait
conduire à un accroissement des transactions sur les marchés d’actions. Toujours d’après le chapitre
III, la FTT va avoir également un effet à long terme, puisque les entreprises vont avoir alors tendance
à émettre davantage d’actions, soit pour compenser la baisse du prix unitaire de ces dernières, soit
pour diminuer le levier de leur bilan dans un but de maximisation de la valeur de la firme.

L’accroissement de l’offre de titres devrait entrâıner un effet supplémentaire de baisse du prix des
actions de façon à ce que l’offre supplémentaire soit absorbée par le marché. Cependant, cet effet
n’est pas analysé dans la présente étude, et pourrait être traité dans une étape ultérieure.

La règlementation MIFID II, mise en place en avril 2018, introduit une valeur minimale pour
l’unité de cotation(’tick’) en ce qui concerne les produits traités au comptant. Cette mesure a été
mise en place pour contrôler la compétition que se livrent les places de marchés (”Exchange”) pour
attirer les transactions, en offrant la meilleure liquidité. Cette disposition règlementaire va accrôıtre
l’attractivité des produits dérivés de type delta-one non soumis à cette règlementation. Elle va

13



conduire par elle même à un accroissement du spread bid-ask de telle sorte que l’accroissement du
spread bid-ask imputable à l’introduction de la FTT va s’en trouver réduit.

Nous estimons que l’impact final sur le spread bid-ask des produits dérivés de type Delta-one devrait
être atténué par rapport à son impact ex-ante de 2 b.p. En effet, nous estimons sur la base des
résultats du chapitre I que divers facteurs tels que l’accroissement de la liquidité de ces produits
ainsi qu’une meilleure gestion des positions de trading, obtenue notamment par regroupement des
activités sur cash, Delta one, et options devrait permettre une réduction de l’ordre de 1 b.p de
l’impact ex-ante de la taxe et qu’au total l’impact ex-post devrait être plus proche de 1 b.p.

Sur ce marché combiné, les agents qui investissent à long-terme et anticipent une hausse ou une
baisse de plus de 0.02 pour cent de la valeur de l’actif ne vont pas ajuster leurs volumes en raison
de l’introduction de la FTT. De plus, par définition de ce marché, les effets de substitution entre
cash et dérivés vont avoir un effet globalement neutre. Par conséquent, la question de savoir si
l’introduction de la FTT va conduire à une modification( une baisse) des volumes de transaction
revient à considérer l’impact de cette taxe sur l’activité des spéculateurs(”noise traders”). Toute
réduction de leur volume d’activité irait en sens contraire de l’augmentation prévisible des volumes
due à la baisse du prix de l’action, ou à la baisse du levier optimal choisi par les entreprises.

A ce stade de notre recherche, nous ne sommes pas en mesure de donner une conclusion définitive
concernant l’effet de l’introduction de la FTT, sur les volumes du marché constitué des actions
cash et des produits dérivés de type Delta-one. La réponse à cette question suppose un exa-
men approfondi des conséquences réelles de cette taxe sur le comportement de trading des agents
”spéculateurs”. Cette analyse est l’un des points principaux des prochaines étapes de recherche sur
ce sujet.

Les ”spéculateurs” sont en fait des agents économiques sophistiqués (”informed traders”) qui es-
saient d’anticiper en temps réel l’évolution future immédiate du marché à la hausse où à la baisse.
De plus, compte tenu du caractère très compétitif du métier de teneur de marché, ces derniers
sont contraint de prendre des positions directionnelles à la hausse ou à la baisse eux-mêmes, afin
de réduire leur intervalle de cotation. La catégorisation opposant les spéculateurs aux teneurs de
marchés, n’est plus valide dans les marchés de capitaux d’aujourd’hui.

On peut démontrer, que dans un marché d’actions très liquide, et en l’absence d’une taxe de type
FTT, pour un intervenant se limitant à anticiper une hausse ou une baisse de 1 b.p minimum,
l’espérance du profit est positive, dès lors que la probabilité de succès (ou la fréquence statistique
d’une bonnes anticipation) est supérieure à 2

3
. En présence d’une taxe de 1 b.p, cette stratégie ne

sera jamais profitable, si elle se limite seulement à prévoir des mouvements (à la hausse ou à la
baisse) de seulement 1 b.p. Par contre, au cas où ces agents envisagent des hausses supérieures ou
égales à 2 b.p, leur activité est profitable dès lors que leur probabilité de succès est supérieure à 5

7
.

Une première analyse des données de transaction sur le marché français au niveau de la seconde
(’tick-data”), pour les titres AXA et Société Générale indique que les prix d’exécution des trans-
actions évoluent par incréments de 1 à 2 b.p et qu’en fait, les phases de hausse et de baisse com-
portent en général au moins deux événements (voire plus) de hausse ou de baisse supplémentaire
(non nécessairement consécutifs). L’évolution intra-day de ces prix suggère l’alternance de micro-
tendances de hausse et de baisse.

Cette première analyse suggère que la mise en place du projet Européen de FTT ne serait pas
en mesure d’empêcher des ”spéculateurs” sophistiqués de poursuivre leur activité, qui resterait
profitable, dès lors que ces agents ont une performance suffisante dans l’anticipation des mouve-
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ments immédiats à la hausse ou à la baisse de l’actif sous-jacent. Cependant, la taxe affectera la
profitabilité unitaire de ces opérations, de telles sorte que ces agents vont avoir tendance à aug-
menter leurs volumes d’activités, ce qui devrait avoir finalement un effet favorable sur la liquidité
du marché.

L’approfondissement de ce sujet constitue à l’evidence une prochaine étape de recherche sur l’impact
de la FTT.

III.3 Coût du Capital et Marchés Obligataires Primaires

Le chapitre II considère l’arbitrage entre dérivés actions et dérivés de crédit, et conclut à l’existence
d’un effet significatif de la FTT sur ce dernier marché, qui conduit à une hausse significative du
coût de financement des entreprises. Nous étudions dans un premier temps l’impact théorique
de la FFT, pour mener dans un deuxième temps une simulation sur les valeurs de 6 entreprises
domiciliées dans l’Union Européenne.

III.3.1 Impact Théorique sur le Coût du Capital

L’explication de la hausse significative du coût de financement des entreprises réside dans le fait que
les entreprises émettant des obligations sur le marché primaire doivent offrir aux souscripteurs une
assurance contre le risque de crédit supporté par ces derniers. Du fait de l’existence de possibilités
d’arbitrage entre dérivés de crédit et dérivés sur actions, cette couverture est équivalente à l’achat
d’une option américaine de type put sur l’action. En cas de faillite, le créancier obligataire
recouvre alors sa perte en vendant l’action qui a une valeur proche de zéro. Nous prenons en
compte l’hypothèse où la faillite de la société survient lorsque la valeur des actifs tombe en deçà
d’un montant exprimé comme une fraction de la dette principale. La trajectoire de la valeur des
actifs est supposée suivre un processus de diffusion stochastique géométrique, dont la volatilité est
dérivée de la volatilité du cours des actions.

Le marché des options de type put est en général peu liquide, notamment pour les maturités longues
et les options en dehors de la monnaie (à prix d’exercice très bas). Ces options sont privilégiées
dans ce type d’arbitrage pour des raisons de coût. De plus, les entreprises étant emprunteuses,
elles vont se trouver du mauvais coté de la volatilité. C’est la valeur du put à l’achat auprès d’un
teneur de marché qui va être prise en compte. Ce dernier va majorer, comme on l’a vu plus haut, le
prix de vente de l’option pour amortir les coûts de couverture de son portefeuille d’options, jusqu’à
leur échéance. Ces coûts de couverture sont accrus par l’introduction de la FTT. C’est donc par ce
mécanisme que les effets ”en cascade” de l’introduction de la FTT vont affecter les entreprises.

Dans le modèle utilisé, on voit alors que le risque de crédit ou credit spread est une fonction
croissante de la volatilité des actifs, qui dépend elle-même de la volatilité du prix de l’action. Dans
la mesure où le prix de l’obligation émise incorpore le coût de l’assurance du crédit, cela revient à
considérer un modèle d’arbitrage entre actions et obligations, ou de façon duale, un arbitrage entre
dérivés actions et dérivés de crédits portant sur les titres émis par la même entreprise.
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III.3.2 Impact Empirique sur le Coût du Capital

Par souci de simplification, nous considérons, dans le chapitre II, un modèle d’arbitrage entre
dérivés de crédit et dérivés actions qui est déjà largement utilisé dans les salles de marchés, et
qui a été introduit par la banque JP MORGAN au début des années 2000. Il s’agit du modèle
CreditGrades R©. Ce modèle est immédiatement disponible.

Ce modèle traduit directement, pour une entreprise disposant d’une structure de bilan donnée, le
lien entre la probabilité de défaillance de cette société et la volatilité du prix de l’action. Ce modèle
est utilisé couramment par les opérateurs de marchés pour calculer le spread théorique des dérivés de
crédit correspondant à un niveau donné de volatilité du prix de l’action, notamment lorsqu’il n’existe
pas de marché liquide des dérivés de crédit sur cet émetteur. Ainsi utilisé, il permet de détecter
les possibilités d’arbitrage entre dérivés de crédit et dérivés actions, notamment l’arbitrage décrit
précédemment qui utilise des actions de type put . On applique ce modèle à un échantillon de 6
entreprises européennes, qui comprend trois entreprises industrielles et trois entreprises financières.
On considère la structure de leur bilan telle qu’elle est connue au 30/09/2016. Tout d’abord,
on calibre le modèle CreditGrades R© sur les spreads de crédit et les volatilités respectives des
actions de ces entreprises. On conduit ensuite une simulation de l’impact de l’introduction de
la FTT sur les dérivés de crédit (CDS: ”Credit Default Swaps”) relatifs à cette entreprise. On
considère successivement des maturités de 5,10,15 et 20 ans.

L’ampleur de la hausse des spreads de crédit sur le marché des CDS, constitue directement une
hausse du coût du capital. Notre estimation apparâıt très largement supérieure (plusieurs points de
pourcentage par an) à celle généralement évoquée par la Commission Européenne (0.09 pour cent).
Cette hausse se propage ensuite par arbitrage aux marchés primaires et secondaires des obligations
d’entreprises, et conduit à des baisses significatives du prix des obligations émises par l’entreprise.
L’ampleur est telle, par exemple pour ARCELOR MITTAL (-80 pour cent pour les obligations à 20
ans), que la FTT introduirait des distorsions (vraisemblablement insurmontables) de compétitivité
avec les entreprises concurrentes situées dans les pays émergents. Cette simulation rappelle que les
effets de la FTT vont se faire sentir bien au delà de la sphère financière, et affecter des entreprises
dont les principales concurrentes sont en dehors de l’Union Européenne et ne sont pas soumises à
cette taxe.

III.4 Impact sur la Structure de Capital de l’Entreprise; Impact sur les prix des

Obligations et des Actions

Le chapitre III s’intéresse à la structure du capital des entreprises et à l’impact de la FTT sur cette
structure. On examine en particulier l’impact de la FTT sur la valeur théorique des actions de la
société ainsi que la valeur intrinsèque de celle-ci. Ces valeurs sont calculées sous une hypothèse de
neutralité au risque en utilisant la mesure naturellement associée au processus de diffusion suivi par
la valeur de l’actif des entreprises. L’étude de l’effet de la FTT sur le prix des obligations émises
par l’entreprise y est également abordé.

On modélise la structure de l’entreprise et celle de son capital en s’inspirant des modèles introduits
au milieu des années 1990 par Leland et Toft à la suite des travaux de Modigliani et Miller Modigliani
and Miller (1958). A la différence de Leland et Toft, on considère toutefois, dans la veine du modèle
CreditGrades R©, une détermination exogène de la faillite de l’entreprise qui survient lorsque la
valeur des actifs tombe en deçà d’un niveau prédéterminé. Ce seuil de déclenchement est fixé
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comme une fraction du montant principal de la dette contractée par la société. Cette différence
dans les approches, est choisie du fait du très fort développement des marchés dérivés d’actions et
du crédit, qui a eu lieu depuis ces travaux.

On considère qu’il peut exister deux principaux types de structure de capital :

(i) Le premier retient une structure de capital fixe, c’est-à-dire un niveau de dette dont le principal
est une fraction fixe de la valeur des actifs.

(ii) Le second considère une structure de capital optimale. En présence de la déductibilité fiscale
des intérêts d’emprunts, on montre ainsi qu’il existe un seuil d’endettement et un effet de levier
optimal qui maximise la valeur de la société pour l’actionnaire.

Nous étudions dans un premier temps l’impact théorique différencié sur la valeur théorique des
actions, des obligations, ainsi que de la valeur de la firme en déterminant simultanément la valeur
de ces dernières selon la structure du capital et le taux de taxation des entreprises. On conduit
des simulations de statique comparative indiquant les profil de réaction à l’introduction de la FTT,
en fonction des paramètres principaux que sont le taux de taxation des profits, la volatilité de
l’action, l’effet de levier, et les taux d’intérêt. On calibre également, les modèles utilisés sur un
échantillon de 6 entreprises de l’Union Européenne, et l’on en déduit les impacts respectifs sur les
valeurs théoriques des actions et des obligations émises par ces compagnies.

Par la suite on s’intéresse aux conséquences induites de la baisse de la valeur des actions en parti-
culier dans le cadre des dispositions règlementaires de type CRD IV.

III.4.1 Impact Théorique Différencié suivant la Structure du Capital de l’Entreprise

a. On considère tout d’abord les entreprises qui souhaitent garder une structure de capital fixe,
c’est-à-dire qui choisissent de fixer leur niveau de dette à une fraction constante de la valeur de
leurs actifs.

On démontre que les entreprises qui se financent exclusivement par des émissions de dette perpétuelle,
de dette subordonnée, d’actions préférentielles ou de titres participatifs, vont enregistrer lors de
l’introduction de la FTT une baisse de la valeur de leurs stocks de dette, ainsi qu’une baisse de
la valeur de leurs actions préférentielles. Elles vont également enregistrer une baisse de la valeur
de l’entreprise. Ces entreprises vont cependant voir dans un premier temps la valeur théorique du
prix de l’action augmenter. Mais par la suite, les émissions obligataires qui vont se succéder vont
conduire à une baisse du prix théorique de l’action.

L’ampleur de cet effet augmente avec le levier de l’entreprise, le spread de crédit ainsi que la
volatilité. Cet effet est toujours négatif quels que soient les autres paramètres, tels que le niveau
des dividendes, le taux d’intérêt ou le taux d’imposition sur les bénéfices.

Concernant les entreprises qui se financent exclusivement par émissions de dette à maturité fixe et
intermédiaire (5 à 20 ans), on démontre que l’impact de la hausse de la FTT va être généralement
négatif sur la valeur théorique de l’action, ainsi que sur la valeur théorique de la dette et la
valeur de la société. Cet impact sur la dette va affecter non seulement le stock de dette exis-
tant, mais également les nouvelles émissions d’obligations de maturité intermédiaire (jusqu’à 20
ans). L’ampleur de l’impact est à nouveau une fonction croissante respectivement du levier de
l’entreprise, du spread de crédit et de la volatilité.
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Les exceptions notables vont concerner en particulier les entreprises qui émettent des junk bonds et
sont proches de la faillite, de telle sorte que l’introduction de la FTT serait, dans ce cas, responsable
d’ un biais de sélection favorisant les entreprises en mauvaise santé ou les plus risquées au détriment
de celles qui sont plus vertueuses .

De manière générale, on peut trouver une enveloppe de paramètres sur les dividendes versés par
l’ entreprise et le taux d’ intérêt tels que l’ impact de la FTT est négatif pour les entreprises qui
émettent de la dette de maturité intermédiaire ( 5 à 20 ans). On constate, par exemple, que c’ est
le cas en particulier, de la totalité des entreprises qui constituent l’ indice français CAC40.

b. On considère ensuite les entreprises qui cherchent à déterminer un niveau optimal d’endettement
(et donc d’effet de levier) visant à maximiser la valeur de la société.

On démontre que l’introduction de la FTT va tendre à diminuer le niveau d’endettement optimal
des entreprises. A la suite de l’introduction de la FTT, celles-ci pour s’adapter vont alors avoir
tendance à procéder à des remboursements du stock de dette existant financés par des émissions
d’actions sur le marché. Pour les entreprises qui se financent exclusivement par émissions de dette
à maturité fixe et intermédiaire (5 à 20 ans), on démontre que l’ impact de la hausse de la FTT
va être généralement négatif sur la valeur théorique de l’action, ainsi que sur la valeur théorique
de la dette et la valeur de la société. On calcule que ces émissions d’actions vont se faire alors à
un prix d’ émission inférieur à celui qui prévalait avant l’introduction de la taxe, conduisant ainsi
à une baisse du prix théorique de l’action par un effet classique de dilution.

On démontre également qu’à l’instar des entreprises visant une structure de capital fixe, les en-
treprises qui se financent exclusivement par émission de dette à maturité fixe et intermédiaire (5 à
20 ans) vont généralement enregistrer un impact négatif sur la valeur théorique de l’action, ainsi
que sur la valeur théorique de la dette et la valeur de la société.

L’ampleur de cet impact est également une fonction croissante respectivement du levier de l’entreprise,
du spread de crédit, et de la volatilité et de la maturité de la dette.

III.4.2 Impact Théorique selon le Taux d’Imposition sur les Sociétés- Conséquences
en Termes de Politique Economique

On simule l’impact de la FTT suivant diverses valeurs du taux d’imposition des sociétés qui cor-
respondent à l’éventail des taux d’imposition en Europe, de 15 pour cent (Irlande) à 35 pour cent
(France 33 1/3). Cet impact est analysé en relation avec l’effet de levier correspondant à la structure
du bilan de l’entreprise.

On met en évidence que les entreprises domiciliées fiscalement dans les pays ou le taux d’imposition
est le plus élevé, et dont le levier est relativement faible, vont enregistrer une baisse légèrement
plus importante de la valeur théorique des actions que les mêmes entreprises situées dans des pays
à faible taux d’imposition. A l’inverse, les entreprises qui ont un fort effet de levier, et qui se
situent dans des pays à faible taux d’imposition vont enregistrer une baisse de la valeur théorique
des actions, nettement plus forte que les entreprises domiciliées fiscalement dans des pays à fort
taux d’imposition.

Ces conclusions suggèrent que l’introduction de la taxe au même moment dans tous les pays de
l’Union Européenne va créer des distorsions de compétitivité quand au financement des entreprises
en raison de la disparité des taux d’imposition et de la diversité des modes de financement.
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L’harmonisation des taux d’imposition sur les sociétés dans l’Union Européenne apparâıt donc
comme un préalable indispensable à toute mise en place d’une taxe sur les transactions financières.

III.4.3 Calibration et Analyse sur 5 Compagnies Européennes: Impact sur les valeurs
Théoriques des Actions et les Spreads de Credit

On utilise les deux modèles respectifs traitant de la dette perpétuelle et de la dette à maturité fixe
pour estimer l’impact sur les prix de la dette et sur les prix théoriques des actions, pour 5 des 6
entreprises européennes sélectionnées dans le cadre du chapitre II.

On constate que le comportement de ces entreprises est plutôt d’avoir une structure de capital
fixe plutôt qu’une structure de capital optimale. Les baisses des prix théoriques des obligations et
des actions sont significatives. On peut les mesurer à la fois à court-terme, dès que la FTT est
introduite, ainsi qu’à long terme, une fois que les entreprises ont renouvelé leur stock de dette.
L’effet à court terme est compris entre environ -3 et -10 pour cent de la valeur des actions. L’effet à
long terme est compris entre environ -1 et -8 pour cent de la valeur des actions. L’ordre de grandeur
de la hausse moyenne des spreads de crédit, pour la duration moyenne de la dette est compris entre
50 et 250 points de base.

III.4.4 Impact sur les Volumes de Titres Emis sur les Marchés primaires d’Obligations
et d’Actions

Hausse des volumes d’action à long terme : Dans des structures de capital fixe, on constate
que du fait des baisses unitaires des prix des obligations et des actions, conséquences de la hausse de
la volatilité pour les acheteurs d’options, les entreprises vont être contraintes d’émettre davantage
de titres pour un même besoin de financement. Cette hausse du volume des émissions va se réaliser
tant pour les obligations que pour les actions, et d’une manière générale, tous les produits émis par
la compagnie et visant à lever, sur les marchés primaires de titres, du capital.

Dans des structures de capital optimal, on a vu que l’ introduction de la FTT tend à diminuer le
recours au levier par les entreprises qui émettent alors davantage d’actions.

Au total, la FTT va avoir tendance à long terme à augmenter les émissions d’actions sur le marché
primaire, ce qui, toutes choses égales d’ailleurs, devrait conduire à un accroissement des volumes de
titres en circulation et une liquidité accrue. Cet accroissement de l’offre de titres devrait déclencher
un effet de deuxième tour sur le prix des actions afin de permettre à la demande de se mettre au
même niveau.

III.4.5 Conflit avec les Dispositions Règlementaires de Type CRD IV (BALE III) sur
l’Accroissement du Capital des Institutions Financières aux Fins de Couverture du
Risque

L’introduction d’une FTT va avoir un effet contraire aux dispositions règlementaires introduites
par la règlementation CRD IV qui est la transposition au niveau européen des directives Bâle III
de la Banque des Règlements Internationaux. En effet, ces dispositions imposent aux banques et
établissements financiers européens de disposer d’un capital suffisant au regard de leurs actifs.
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Concrètement, pour respecter ces ratios, les banques européennes sont engagées présentement dans
un processus d’émission de titres assimilables à des quasi-fonds propres, et qui consistent soit en de
la dette perpétuelle, soit en de la dette à maturité fixe de durée intermédiaire. Ces titres, désignés
par l’acronyme COCO (Contingent Convertible Obligations), sont convertibles en fonds propres
dès lors que la valeur des fonds propres tombe en deçà d’un seuil critique, exprimé en fonction de
la valeur des actifs de l’institution financière. On reconnâıt là un processus très proche de notre
cadre d’analyse, qui retient pour sa part un seuil sur la valeur des actifs.

Notre cadre d’analyse peut alors s’appliquer en considérant la valeur de l’action au lieu de la valeur
des actifs, et un taux de recouvrement adéquat.

Les dispositions de CRD IV s’analysent alors en fait comme une structure fixe de capital qui est
justiciable de notre cadre d’analyse.

On trouve alors que la hausse de la volatilité due à l’introduction d’une FTT va avoir un effet
opposé aux dispositions règlementaires : l’introduction de la FTT va conduire à une baisse de la
valeur de la dette émise, ce qui va pousser les banques à émettre davantage de COCOs, et donc
conduire à une baisse de la valeur des fonds propres.

Ceci est par conséquent contraire à l’objectif recherché, par les autorités de régulation, d’une hausse
de la valeur des fonds propres.

III.4.6 Interaction avec la Mise en Place de la Règlementation MIFID II

Les dispositions règlementaires MIFID II, mises en place au 1er avril 2018, contiennent des disposi-
tions spécifiques sur les unités minimum de cotation (”tick size’) que doivent appliquer les places de
marché pour toutes les transactions sur actions au comptant, les Fonds Echangeables sur Marchés
(ETF) ainsi que les ”Deposit Receipt”. Ces dispositions ont pour but de contrôler la compétition
que se livrent les diverses places de marché, qui cherchent à attirer vers elles ces transactions sur
des titres, qui sont en général échangés sur plusieurs places de marché. MIFID II impose donc
un minimum pour l’unité de cotation qui est calculé à l’aide d’une grille de référence en fonction
du volume quotidien de titres échangés et du prix du titre. L’application de cette nouvelle règle
conduit à considérer une valeur de l’unité de cotation qui n’est jamais inférieure à 1 b.p et est
généralement comprise entre 1 et 2 b.p pour les actions liquides, suivant les prix observés sur ces
titres.

En appliquant cette nouvelle disposition, il peut arriver que des titres au comptant qui sont actuelle-
ment cotés avec une unité minimale de 1 b.p doivent être désormais cotés avec une unité minimale
de 2 b.p. Concrètement, dans la mesure où la variation de prix sur l’instrument cash se transmet au
produit dérivé, cela signifie que l’intervalle de cotation du produit dérivé va s’accrôıtre au minimum
de 1 b.p. Cette disposition survient alors que l’introduction de la FTT va ajouter ex-ante 2 b.p a
l’intervalle bid-ask. Au total, il apparait donc qu’après prise en compte de MIFID II, qui de toute
façon est antérieure à l’introduction de la FTT, l’effet uniquement attribuable à l’introduction de
la taxe sera au maximum de 1 b.p pour les titres financiers qui sont dans ce cas.

III.5 Comparaison des Résultats avec la Littérature Existante

En ce qui concerne la volatilité, rappelons que la littérature existante, tant théorique, qu’empirique,
ne dégage pas de consensus sur l’existence d’un effet significatif ou sur le signe de l’effet d’une taxe
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de type STET sur la volatilité des marchés d’actions. Il convient également de noter que la totalité
des études tant théoriques qu’empiriques font appel, à la notion de volatilité réalisée, mesurée
ex-post dans les études empiriques. De manière différente, nos travaux retiennent la notion de
volatilité implicite mesurée à priori sur le marché des options. De plus, la notion utilisée permet
d’introduire les impacts respectifs sur la volatilité à court-terme et à long-terme, ce qui n’est pas le
cas dans la littérature. Notre cadre retient que, pour une durée déterminée, la volatilité implicite
est l’espérance de la volatilité future réalisée, sous la mesure induite par le processus de diffusion
généré par l’actif sous-jacent. Ceci permet de replacer nos résultats, dans la perspective de la
littérature, malgré la différence des notions respectives de volatilité utilisées.

Dans ces conditions, nos travaux concluent à une hausse de la volatilité à long-terme, qui explique
la baisse à long terme du prix des actifs, par arbitrage avec le marché des dérivés de crédit. A
court-terme, notre étude conclut à un impact non significatif de l’introduction de la FTT sur la
volatilité pour les marchés d’options très liquides. L’impact estimé est par ailleurs fonction de la
liquidité des marchés d’options.

A l’instar de la littérature existante, nos travaux concluent à une baisse significative du prix des
actifs ainsi qu’une hausse conséquente du coût du capital pour les entreprises. Cependant, en
termes d’amplitude, cette baisse apparâıt beaucoup plus marquée que dans les études théoriques
sur le sujet1. Cette divergence s’explique selon nous, d’une part, par la prise en compte de la
hausse de la volatilité, particulièrement importante, et d’autre part, par l’arbitrage entre dérivés
actions et dérivés de crédit. Ces considérations sont absentes dans la totalité des études théoriques
sur le sujet. Ainsi Lendvai considère que le prix des actions est la valeur actualisée des dividendes
futurs sans prendre en compte, ni la probabilité de défaut des firmes, ni la possible hausse de cette
probabilité suite à l’introduction de la FTT, alors qu’il est évident que les dividendes sont payés
tant que la firme n’a pas fait défaut. Cette hypothèse conduit selon nous à une minoration du calcul
des effets de la FTT sur le coût du capital dans cette étude. Enfin, par construction, notre approche
prend en compte la maturité des émissions de dette obligataire, alors que les études théoriques ne
retiennent pas ce paramètre dans leur modèle.

En ce qui concerne les études empiriques, les ordres de grandeur que nous trouvons apparaissent
cohérents avec les résultats des diverses études menées sur les conséquences de l’introduction d’une
STET au Royaume-Uni et en Suède. Il convient toutefois de souligner que les taxes mises en
place dans ces deux pays, avaient des caractéristiques différentes du projet Européen de FTT.
Par exemple, dans ces deux pays, les transactions initiées par les institutions financières étaient
exemptes de taxes, à l’inverse de ce qui est prévu dans le projet Européen.

Ceci étant, l’amplitude de l’impact sur le prix des actifs dans notre étude apparâıt en ligne avec
les résultats trouvés par Saporta et Kan Saporta and Kan (1997) dans le cas du Royaume-Uni
ainsi que Westerholm Westerholm (2003) et Umlauf Umlauf (1993) dans le cas de la Suède. Ces
divers auteurs considèrent diverses hypothèses sur l’impact de la taxe sur les volumes. Saporta et
Kan trouvent respectivement, une élasticité du prix des actifs par rapport au coût de transaction
comprise entre 6.75 et 12.25 suivant les hypothèses retenues en termes d’impact sur les volumes.
Les résultats de Westerholm et Umlauf pour la Suède conduisent à une élasticité comprise entre
4.85 et 7.5. Ces ordres de grandeur sont compatibles avec les simulations diverses menées dans
notre étude, pour des hypothèses de levier compris entre 3 et 4 ainsi qu’un coût de transaction
aller-retour de 0.4 pour cent.

1Voir notamment l’étude de Lendvai J. (2012), fondée sur un raisonnement d’équilibre général.
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En ce qui concerne la liquidité, notre étude conclut à une hausse de la liquidité du marché des
actions à long-terme, du fait de l’augmentation des émissions d’actions sur le marché primaire. A
l’inverse, nous trouvons une baisse relative des émissions obligataires, qui va dans le sens d’une
baisse de la liquidité des marchés obligataires. Ce genre de résultats sur les marchés d’actions
n’apparâıt pas en général dans la littérature, qui retient dans l’ensemble une baisse de la liquidité
des marchés d’actions. A court-terme, nous concluons à une hausse de la liquidité des dérivés
actions, qui tient au caractère particulier de la FTT, qui favorise ces instruments au détriment des
actions faisant l’objet de transactions au comptant.

IV. Conclusion

Nous avons essayé d’appréhender l’impact du projet de taxation des transactions financières dans
l’Union Européenne (FTT) en adoptant une approche centrée sur les marchés d’options sur actions,
où la volatilité fait l’objet de cotations implicites.

Nous avons démontré que, dans l’hypothèse où il existe un marché d’actions autorisant le passage
d’ordres à cours limite, et dont le marché d’options associé est suffisamment liquide, le coût de
transaction représenté par la FTT ne va pas générer d’accroissement perceptible de la volatilité. Le
niveau suffisant de liquidité à considérer correspond à la situation où l’horizon du teneur de marché
d’options est de l’ordre d’une journée de trading. C’est à dire que l’ensemble des positions sur
options initiées dans la journée par le teneur de marché sont débouclées également dans la journée,
de telle sorte que ses positions en fin de journées soient nulles.

De tels marchés d’options sur actions sont notamment ceux où il est possible de construire un
portefeuille de réplication à base de Futures (soit sur indice soit sur action) ou de produits dérivés
de type Delta one. Cette propriété est encore vraie, pour les marchés d’options où le portefeuille de
réplication est constitué d’instruments cash. Dans la pratique les maturité des options concernées
sont plutôt courtes (jusqu’à 1 an).

Inversement, les marchés d’options faiblement liquides vont voir une augmentation significative de
leur volatilité, qui peut de plus être calculée à l’aide de modèles standards et reconnus liant les coûts
de transaction à la volatilité implicite. De tels marchés sont par exemples des marchés d’option à
maturité très longue, et où les volumes échangés sont en général relativement faibles.

En ce qui concerne la liquidité et les volumes sur les marchés de capitaux, nous avons démontré
que la liquidité du marché constitué des produits dérivés de type Delta one devrait augmenter de
façon très significative, car ces produits bénéficient d’une taxation plus avantageuse que les produits
comptant, dans le projet Européen de FTT. Il devrait s’ensuivre une augmentation très forte des
transactions sur ce type de produits. Les spread bid-ask sur ces produits, avant et après taxe,
devraient être plus avantageux que ceux des mêmes produits au comptant. En particulier, ceci
devrait être le cas des actions synthétiques construites à partir d’opérations de sens opposés (achat
et vente) sur des options Européennes de type call et put, de même maturité et prix d’exercice.
De plus, les options précédemment couvertes à l’aide de portefeuilles utilisant des instruments cash
devraient pouvoir être couvertes désormais par des instruments de type Future.

En ce qui concerne la liquidité et les volumes traités sur l’actif sous-jacent, il apparâıt donc que le
marché à considérer est celui composé de l’agrégation des marchés cash et dérivés Delta one sur la
même action sous-jacente. Ce marché est finalement soumis à deux effets antagonistes. D’une part,
nous avons trouvé que la FTT devrait favoriser une augmentation à long terme des volumes d’actions
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émis par les entreprises, cette augmentation étant favorable à la liquidité des marchés d’actions.
D’autre part, la hausse de la FTT est susceptible de dissuader ou réduire considérablement l’activité
de spéculation à court-terme, ce qui est défavorable à la liquidité. L’effet final sur les volumes va
donc résulter de la somme de ces deux effets de sens opposés. Dans notre cas, compte tenu des
phénomènes de substitution évoqués plus haut et des dispositions du projet Européen, la question
est de savoir si une taxe de 2 b.p sur une opération d’aller retour va dissuader les spéculateurs. A
ce stade de notre recherche, nous ne sommes pas en mesure de donner une conclusion générale sur
ce point. La réponse semble d’ailleurs devoir être donnée au cas par cas en prenant en compte les
spécificités et la micro-structure des marchés d’action concernés.

Les premiers travaux entrepris dans le cadre d’une suite possible de cette recherche indiquent que
sous certaines conditions, les volumes de transaction initiés par les agent spéculateurs pourraient
ne pas diminuer. Une analyse montre que l’activité de ces intervenants resterait profitable sous
l’hypothèse que la variation minimale des cours ( ou tick effectif) atteigne 2 b.p (AXA par exemple),
et que la probabilité de prédire avec succès le sens du prochain mouvement du marché soit au
minimum de 5

7
.

Sous ces conditions, l’activité resterait profitable, cependant afin d’atteindre le même chiffre d’affaires,
ces opérateurs devraient augmenter leur activité, ce qui aurait finalement comme conséquence
d’accroitre la liquidité.

En utilisant les résultats évoqués plus haut pour les marchés d’option les moins liquides, nous
avons conclu à un accroissement de la volatilité implicite des options sur actions utilisées dans des
opérations d’arbitrage entre options sur actions et dérivés de crédit (Credit Default Swap-CDS). Cet
accroissement s’explique par le fait que, pour les maturités considérées, les marchés d’options sont
très peu liquides et qu’également les options qui sont considérées sont des options de type put, très
en dehors de la monnaie (Very Out of The Money-VOTM) pour des raisons de coût. D’une façon
générale, les marchés d’options de type Put VOTM sont particulièrement peu liquides même pour les
maturités les plus courtes. Conséquemment, l’accroissement de volatilité augmentant la probabilité
de défaillance des entreprises, nous avons conclu, en utilisant des modèles d’arbitrage utilisés en
salle de marchés, que l’introduction de la FTT conduirait à une augmentation des spreads de crédit
pour les émissions obligataires conduites par les entreprises de l’Union Européenne. L’ampleur de
cet accroissement a été estimée à des valeurs multiples de celles trouvées par d’autres auteurs dans
le cadre de l’utilisation de modèles théoriques d’équilibre général, notamment les travaux menés
pour le compte de la Commission Européenne.

Dans le cadre d’un modèle structurel que nous avons construit, nous avons ensuite étudié l’impact
simultané de la FTT sur les actions et sur les obligations, ainsi que sur la valeur des entreprises.
Nous avons conclu en général à une destruction de valeur, une baisse de la dette et une baisse des prix
théoriques de l’action. La calibration des modèles que nous avons menée sur 5 entreprises domiciliées
dans l’Union Européenne a mis en évidence que la baisse du prix théorique des actions pouvait être
supérieure à -10 pour cent et atteindre -30 pour cent. L’impact sur le prix des obligations pourrait
quant à lui être de l’ordre de plusieurs centaines de points de base, comme évoqué au paragraphe
précédent. Cette hausse des coûts du capital serait particulièrement dévastatrice en termes de
compétitivité. La FTT pensée au départ pour les institutions financières affecterait finalement des
entreprises industrielles dont les concurrents résident principalement dans des zones exemptes de
FTT.

En termes de politique économique, nous avons également mis en évidence le fait que l’impact
de la taxe sur la valeur des actions pourrait être différencié selon le taux de taxation des profits

23



des entreprises. Les entreprises émettrices de dette perpétuelle ou subordonnée verraient ainsi un
impact négatif sur la valeur théorique leurs actions d’autant plus marqué que le taux de l’impôt sur
les sociétés serait bas. A l’inverse, les entreprises émettrices de dettes à maturité fixe (comprises
généralement entre 5 et 20 ans) devraient enregistrer une baisse de la valeur théorique de leurs
actions, d’autant plus forte que le taux d’imposition serait élevé. Conséquemment, l’introduction
de la FTT pourrait potentiellement créer des distorsions de compétitivité à l’intérieur de l’Union
Européenne en raison de la diversité des taux d’imposition sur les sociétés par pays. Finalement,
l’introduction d’une FTT au niveau de l’Union Européenne nécessiterait, au préalable une harmon-
isation fiscale, notamment en ce qui concerne le taux d’imposition des sociétés.

Enfin, nous avons relevé que la mise en place d’une FTT pourrait avoir des effets contraires à des

mesures règlementaires prises par ailleurs. Dans le cas particulier de la mise en place de la

règlementation CRD IV en Europe, nous avons mis en évidence que l’introduction de la FTT avait

un effet contraire à celui recherché par CRD IV, en contribuant notamment à rendre plus difficile le

respect des normes de capital minimal imposées par cette nouvelle règlementation 2

2Un extrait résumé des chapitres I et II a été publié dans la revue Applied Economics en Août 2017 (cf.
PDF de la publication ). Ces travaux ont également été présentés au séminaire d’Econométrie

de BOCHUM, organisé par l’Université de BOCHUM (Allemagne), les 21 et 22 avril 2017.
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Abstract

We use a new approach for assessing the impact of the European Union (EU) Financial
Transaction Tax (FTT) on the stock market volatility. We measure the effect of such tax
directly from the equity option market implied volatility. We review the existing literature
about the market-maker’s behavior in presence of transaction costs. We complete it and build
up a quantitative framework to measure this impact in presence of non constant volatility. After
calibration of local volatility, we conduct Monte-Carlo simulations for a sample of five corporate
companies and assess the quantitative effect of such tax on the volatility. We then review the
possible impact of the equity option market liquidity. We find that, in equity option markets
where option buyers are mainly hedgers, and market-makers are structurally short, the FTT
will generate a volatility increase. It will increase too the volatility bid-ask. The effect will be
maximal in deeply illiquid option markets where a) The market maker in order to facilitate the
transaction acts as a principal b) all option positions are carried until their maturity, as they
cannot be unwound in the market, by finding opposite interests. In particular, option buyers
will face a significant increase of the option prices and the implied volatility. Those results will
be used in Chapter II, in the case of put option buyers.

For liquid option markets, we study a theoretical option market fulfilling several conditions
on existing liquidity prevailing before the introduction of the FTT. We consider that on this
market, risk adverse market-makers compete with risk neutral agents acting as informed traders,
and derive a constraint on the risk aversion coefficient in their utility function. We assume that
the market of the underlying cash equity and Single Stock Futures allows for limit orders. We
try to estimate the impact of the FTT on respectively the option mid-price and the bid-ask
spread.

The impact on the option mid-price is solely related to the additional hedging costs that
the FTT will generate on the rebalancing of the hedging portfolio. This effect is due to the
asymmetry between option buyers and option sellers, and the fact that option buyers benefit of
a convexity effect explained by the positive value of their Gamma’s position.

The impact on the bid-ask spread depends upon both the hedging costs (factor 1) and the
FTT reduced rate of 0.01 percent (factor 2) which is levied on the notional value of the option
contracts.

We find that if the option market-depth is sufficient, such that the time horizon of the
market-maker is one trading day, the real impact of the FTT related additional hedging costs

∗I thank Martine Carré-Tallon, René Aı̈d and participants to Doctorants Workshop (Paris Dauphine, June 2016)
for useful comments.

†Address: Université Paris-Dauphine, PSL Research University, LEDa, Place du Maréchal de Lattre de Tassigny,
75775 Paris Cedex 16, France. E-mail: fraichot@yahoo.com
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(factor 1) on the market-maker ’s mid price of the option will be a fraction of 1 bp of the notional
value. This will happen for option contracts on Futures or for cash equity options which can
be hedged with Single Stock Futures or Delta-One products. By inversion of the Black-Scholes
formula, the magnitude of the impact will be beyond the second decimal in terms of implied
volatility. For cash equity options hedged with cash equities, it will be slightly more, but the
magnitude will still be comparable to the tick size for such options.

This results imply that, for such markets, we can expect no significant impact on the implied
volatility. Even more, it is possible that market-makers tend to absorb this increase when it is
within one tick of quotation.

Going further and relaxing the conditions under which the transaction cost impact of the
FTT would be within 1 b.p, we found that the option market liquidity will command the
magnitude of the impact on the volatility mi-price. Results suggest an inverse relationship
between the impact of the FTT and the option market liquidity prevailing at the time the FTT
is introduced

We further examine the impact of the FTT on the liquidity of option markets. We find that
the FTT impact of the hedging costs (factor 1) linked to the rebalancing of the portfolio, on the
bid-ask spread is insignificant for options on Futures, or cash equities which can be hedged with
Single Stock Futures or Futures. For options hedged with cash equities, the impact (factor 1)
is about a few basis points for options whose maturities is less than 3 months, and within one
tick for options whose maturity is beyond 3 months.

We assume that the volume of transactions on the most liquid equity option and derivatives
markets should increase significantly because of the distortion between the taxation of cash and
derivatives instruments, built in the FTT provisions. Such distortion should benefit to delta one
products, such as synthetic securities, single stock futures, equity swaps and CFDs. All trading
agents, not interested into the physical ownership of the cash equity share should cluster as
Delta one derivatives users.

Consequently, the liquidity of the already most liquid option markets, as well as other Delta
one products should improve as the volume traded will increase. The markets will tend to
record a very significant development of such products. This should in turn allow the hedging of
cash equities with Single Stock Futures and lead to an impact on the bid-ask spread within one
tick of quotation. Finally, the expansion of the option market liquidity should help the option
market-maker to reduce its time horizon and further decrease the bid-ask spread (factor 1).

On the FTT added bid-ask spread (factor 2) the numerical initial impact of 2 b.p of the
notional value for synthetic stocks and other Delta-one derivatives, should be offset partially by a
flight to derivatives, improving the liquidity, the traditional reaction of monopolistic competitive
markets to the introduction of excise taxes, and improvements in the management of market-
making business.

Keywords: Tax reform, options, volatility, liquidity, credit spread
JEL Classifications: G02,G11,G12,H22,H39
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Introduction

In 1972, the Bretton-Woods agreement was terminated. As a consequence, the convertibility of the
US dollar currency into gold, as well as the pegging of world currencies to the Dollar, came to an
end. Following this decision, foreign currencies were allowed to float freely one against an other,
creating for the first time in history, volatility on the foreign exchange markets. Observing what
was deemed at the time ”excessive speculation”, James Tobin introduced the concept of a Tax on
foreign exchange transactions to curb excessive speculation on Foreign Exchange markets (Tobin,
1978). The idea behind the proposal of such tax was that a transaction tax may reduce speculative
trading and excess market volatility. This idea was not new, as this concept was initially introduced
on the securities markets by Keynes (1936), who proposed a securities transaction tax during the
Great Depression. Stiglitz (1989), then reconsidered the concept of a tax on securities transactions
in order to curb excessive speculation. He advocated that a reasonable standard transaction excise
tax (STET) levied on all securities transactions was preferable to a capital gain tax. His argument
was that such tax while curbing the activity of noise traders, should not discourage arbitrageurs
and long term investors, which are useful to the economy. The promoters of both the Tobin tax
and the STET were assuming, when proposing such tax, a positive relationship between short-
term speculation and excess market volatility. They considered a categorization of the market
participants into two distinct groups. Long term investors are attracted by the potential changes
in the values of corporate firms. They do no trade frequently and are not responsible for short-
term market moves. Conversely, short run traders or ”noise traders” aim to benefit from short run
market move or changes in the trend of the market. The volumes of transactions initiated by such
economic agents is in general largely superior to the volumes generated by long term investors.
Thus, their behavior is likely to be the cause of excess market volatility. Consequently, the market
structure appears essential to explain the impact of a transaction Tax on market volatility. This
is why, in the literature, various studies have focused on the respective importance of agents such
as long term investors, speculators or noise traders as well as the agents providing liquidity to the
market (”the market-makers”) to assess the final impact of such transaction tax.

Following the financial crisis of 2007-2008, financial regulations has been overhauled and reviewed in
order to avoid the repetition in the future of such scenario. Economic policies have naturally turned
towards the idea of imposing financial transaction taxes (FTTs), in the vein of what was proposed
by Keynes, Tobin and Stiglitz. For instance, in the USA, the Obama administration proposed
in the 2012 federal budget to levy a 0.02 percent of the notional of each future transaction to
be paid by each party of the transaction. In Europe, France and Italy did implement a FTT at
the respective rates of 0.3 percent and 0.2 percent applied only to the values of overnight cash
transactions on equities, and charged only to non financial institutions. The European Union (EU)
has also considered various FTT projects. A first proposal for a bank transaction tax was rejected
by the EU in 2010. This was followed in 2011, by a new proposal for a new tax plan based upon
a Tobin tax for foreign exchange and a specific FTT for securities. The new taxation scheme was
supposed to take effect in 2014, and had the backing of France, Germany, Italy and the Netherlands.
It was firmly opposed by the United Kingdom. Since then, this project is still in discussion.

The purpose of the dissertation is the study of the consequences of the proposed taxation of financial
transactions by the European Union, in its current form. This plan would create a tax that would
be a hybrid between the classic Tobin tax on foreign exchange markets and the concept of ”Standard
Transaction Excise Tax” (STET) introduced by Stiglitz and Summers and Summers (1989), based
upon an original idea by Keynes, and concerning the securities market. This new European STET

29



consists in taxing financial transactions concluded within the European Union, or by financial
institutions domiciled within the Union. The respective rates of this tax would range from .1
percent and .01 percent for cash and derivative instruments, and would be charged to each party of
the transaction. The basis of the tax would be the notional value of the contracts. As the subject
is extremely vast, we limit ourselves to the study of stock and bonds markets.

There exists an extensive literature (see enclosed References) concerning the effects of a STET upon
financial markets, in particular with regard to the potential impact upon (i) the cost of capital
for businesses, (ii) volatility, and (iii) liquidity. The various studies are either theoretical works,
in limited number, dealing with general equilibrium models (e.g. Keynes (1936)), or empirical
surveys of the impact of past experiments with the implementation of STET-type taxes in various
countries (United Kingdom, Sweden, Japan) (For instance see Anthony et al. (2012), Bjursell et al.
(2006), Bessembinder (2002)). This is also discussed in Campbell and Froot (1994), Habermeier
and Kirilenko (2003), Hakkio et al. (1994), Hau (2006), Hawkins and McCrae (2002), Jones and
Seguin (1997)),Umlauf (1993) and Westerholm (2003)). We will conclude this brief review of the
literature by a critical analysis that will allow us to define our own approach.

There exists in fact no consensus on the impact of the introduction of a STET on financial market
volatility, for both theoretical and empirical studies. A survey of existing literature for both types
of work, evidences that various authors conclude that the introduction of the FTT could increase,
decrease or leave unchanged the asset price volatility. Putting together those elements, the results
are inconclusive.

Among theoretical studies of this potential impact, Kupiec (1996), finds that a transaction tax in a
general equilibrium framework has ambiguous effects on asset price volatility. Risky assets record
a reduction in their price volatility as well as a drop in their price, whereas the volatility of the
returns of such assets increases with the tax. The author concludes that there are several possible
scenarios depending upon various other factors. The FTT introduction could increase, decrease of
leave unchanged the asset price volatility.

Song and Zhang (2005) focus on the so called ”noise traders” in a general equilibrium model, and
evidence that other players in the market such as long term investors or even arbitrageurs could be
discouraged by the introduction of the tax. They argue that the net effect on asset price volatility
of the tax depends on the change of trader composition resulting from the implementation of the
tax. This ”trader composition effect” would coexist with the consequences of a possible reduction in
trading volumes and decrease in market liquidity. The final effect would result from the respective
relative magnitudes of these two effects as well as their interaction.

Among empirical studies on the subject, a detailed survey evidences two groups of studies, each
arriving at different conclusions. A first group of studies finds no significant effect either increasing
or decreasing of the introduction of a FTT on asset price volatility. The second group of works is
itself split into two subgroups which find either an increase or a decrease in volatility.

In the first group: Roll (1989) has evidenced on a study following the October 1987 crash, that
there no significant evidence of a negative impact of transaction taxes on asset price volatility.
Mulherin (1990), on the period ranging from 1897 to 1987 has concluded that the implementation
of a transaction tax does not necessarily reduces asset price volatility. Umlauf (1993) in the case of
the introduction of a FTT in Sweden found no significant difference in market volatility between
the different tax regimes which prevailed in Sweden, as the tax was introduced for the first time
in 1984 at a 1 percent rate, and then increased at 2 percent in 1986. Saporta and Kan (1997) in
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the case of the case of the introduction of a ”Stamp Duty” in the UK in 1994 make the interesting
remark that the same stocks traded outside the UK as ”American Deposit Receipts” (ADR) record
a lower volatility than the same stocks traded in the U.K. However, they finally conclude that there
is no significant effect of the Stamp Duty Tax on volatility. More recently following the introduction
in 2012 of a F.T.T in France applying only to non intra-day cash equity transactions performed by
non financial investors, Capelle-Blancard and Havrylchyk (2016) concludes to no significant effect
of this tax on the French stock market volatility.

Some other studies have focused on the impact of deregulation and the suppression of financial
transaction taxes on implied volatility. Jones and Seguin (1997) did review the impact of the
suppression of the minimal brokerage commissions in the US stock market 1975, which can be
likened to a one-time reduction of a transaction tax. They found a fall in the volatility after this
minimum fee was suppressed on the NYSE. However, this volatility decrease occurred also on the
NASDAQ market which was not subject to this minimum brokerage fee.

In the second group, some studies rely on the relationship between transaction costs and volatility
to conclude on the possible impact of the FTT. In the US, Bessembinder (2002) found that volatility
was reduced for stocks that had moved from NASDAQ to NYSE where transaction costs were lower.
On the French stock market, Hau (2006) found a positive relationship between transaction costs
and price volatility. He observed an increase in the cost of trading stocks due to an increase in the
tick size.

Surprisingly, the effects of a STET-type tax have never been considered via the standpoint of the
markets of options on financial securities, while these markets by definition are markets where one
trades the anticipated volatility of financial securities, which are the underlying assets of the relevant
option contracts. The anticipation of the impact on these financial markets of the introduction of a
Financial Transaction Tax (FTT) would answer the question of the impact of the tax on volatility.
Likewise, the analysis of the impact on the costs of capital does not take into account to this day
the credit derivatives markets. This shortcoming is explained, in our opinion, by the fact that most
implementations of STET-type taxes have been implemented at a time (until roughly the 1990s)
when the stock and credit derivatives markets did not yet exist.

As explained before, we focus here, on the particular case of the European Financial Transaction Tax
(FTT). This FTT is in fact a standard transaction excise Tax (STET) that would apply certain
rates to the notional value of all transactions related to securities and derivatives. This STET
would apply to all Financial transactions taking place in the European Union (EU) or performed
by financial institutions domiciled in the EU.

We try a new approach for measuring the volatility impact of the FTT, through the effect on the
behavior of option market-makers. Market-makers agents are the ones providing liquidity to the
option equity markets. The prices they quote embed an hypothesis on the market volatility which
can be derived using Black-Scholes option pricing framework. Therefore the concept of volatility
can be considered not only from an ”ex-post” approach using the past returns of a given security,
but also using the concept of implied or traded volatility derived directly from the option market

We aim to estimate the possible impact of the FTT on such volatility.

In a first part, we explore the existing literature about the impact of transaction costs on volatility.
We complete it to accommodate all transaction costs on the complete life cycle of an option. We
review the consequences of a non constant volatility and assess the impact through Monte -Carlo
simulations.
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We then focus on the role of the option’s market liquidity and assess the final impact of the FTT
implementation depending upon liquidity. We find a positive increase in the case of non liquid
option markets consisting solely of economic agents looking for hedging, and where market-makers
are constantly short of options. On the other hand, we evidence two theoretical highly liquid
option markets on both futures and cash equity. We then conduct numerical simulations showing
an impact of the FTT on the option mid- price which is within a fraction of the ”effective” tick-
size.This strongly suggests that option market makers could absorb the impact of the FTT on
volatility.

Consequently, the paper is organized as follows. Section1 is devoted to measuring the effect on im-
plied volatility of increased transaction costs, considering the hedging behavior of a standard option
market’s-maker. Section 2, considers the effect of liquidity on the final impact of those increased
transaction costs on the prices quoted by the market-makers. Section 3, considers quantitative
simulations of this impact in highly liquid option markets. Section 4 concludes.

1 Transaction Costs and Option Implied Volatility: the Theory

1.1 Replication and Cost of Hedging in The Presence of Transaction Costs

When The Volatility is Constant

We consider here the particular role of option broker-dealers also called market-makers in the
determination of transaction prices on various types of equity option markets.

A market-maker, on one hand, acts as a broker (an ”agent”) on behalf of its clients to find directly
an opposite interest at the best price quoted in the market. On the other hand, if it cannot find
opposite interests for its clients in the market, it can act for its own account, and act as a ”principal”
party by stepping into the market. In this latter case, it will derive facilitation revenues in exchange
for him to carry an inventory and bear specific costs such as market-risk (opportunity cost) as well
as funding costs. The market risk, is due to the presence of a long or short position with potential
losses in case of adverse market moves. In order to mitigate this risk, the market-maker will have
to enter into hedging transactions, for the time it will carry on the position, and will be subject to
transaction costs.

Market-makers are organized under the regime of monopolistic competition, as they offer the same
kind of product, are generally ”price-makers” and there are very few barriers for entering and
leaving the business. In this regime, when there is a large number of firms, the profit tends toward
zero and their price is such that they are just ”breakeven”.

In this context, the FTT or any other STET is, by definition, an additional transaction cost.
According to Leland (1985) and Boyle and Vorst (1992), option market-makers have to bump the
volatility of the options they are selling, to accommodate for the expected costs of future hedging
transactions. Before the introduction of the FTT, these costs consist mainly of the bid-ask spread
between the purchase and the sales price of a given security. They have an impact on the cost of
the option because option portfolios are (delta) hedged against the share price variations, using a
replicating portfolio consisting of shares and cash. This hedge is adjusted frequently, as the share
price movements affect the number of shares to be either sold or purchased.

The FTT is an additional transaction cost which widens the bid-ask spread on the underlying
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equity. The periodic hedging adjustment of the replication portfolio exposes the market-maker to
the cascading effects of the FTT levied on shares transactions and therefore generate significant
expenses. Furthermore, the FTT provisions include a taxation of stock lending and borrowing
operations, repurchase agreements and reverse repurchase agreements which are necessary to fund
the replicating portfolio. This disposition affects mainly cash equity options.

Because of the specific provisions of the FTT, we can expect that for index options, the impact
will be significantly less. This is due to the fact that, in the case of index options, the replicating
portfolio consists of cash and index futures contracts whose ”round-trip” FTT tax rate is 0.02
percent of the notional amount, instead of 0.4 percent for cash instruments, if we had both FTT
taxes on transactions and funding. Furthermore, the funding of non-hedged futures positions does
not require repurchase or reverse repurchase agreements. It consists of funding initial margins and
margin calls which represents only a fraction of the amount to fund for cash derivatives.

Leland (1985) finds an impact of transaction costs linked directly to the frequency of re-hedging
of option replications portfolios. The original Leland work considers an asymptotic case, where
the re-hedging frequency tends to be infinite. Leland computes an asymptotic limit rule, giving
the volatility to get the same pay-off as in the ideal Black-Scholes world, in this asymptotic case.
However, since the original work of Leland, additional research done by Elie and Lépinette (2015)
has proven that in order to get this asymptotic results the transaction costs have to satisfy a
specific condition. Nevertheless, market practitioners use the Leland rule which can be considered
as a proxy giving a benchmark for the impact of transaction costs, when the re-hedging frequency
is finite. Furthermore, if we consider the Variance swap markets and the fact that such instruments
can be replicated with option portfolios instead of shares, we can prove that the Leland condition
still holds for finite readjustments (cf. infra ).

According to Leland, the volatility necessary to offset transaction costs has to be increased to a
new value σ′ such that:

σ′2 = σ2

[

1 +
k
√
2

σ
√
π∆t

]

(1)

k designates the round trip transaction cost expressed in percentage of the underlying asset value.
σ designates the volatility in the absence of transaction costs; σ′ designates the modified volatility.
∆t designates the frequency of re-hedging the option’s replication portfolio.

Boyle and Vorst (1992) find a different rule based on a threshold for the variation of the underlying
asset. The replication portfolio is rebalanced every time the relative variation of the underlying
asset, since the last re-hedging, is over a given threshold ν. The new volatility σ′ is such that:

σ′2 = σ2

[

1 +
k

ν

]

(2)

One can note immediately that the correction does not depend of the option’s time to maturity.
The ∆s rule can made consistant with a ∆t rule by considering the specific following threshold:

∆s = σ
√
∆t

Besides the fact that the ∆t rule is asymptotically incorrect without specific conditions on the
transaction costs, authors such as Taleb (2005), find that the ∆s rule is more efficient than the ∆t
rule.
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Especially, it proves to be more conservative from a risk perspective and allows for better preser-
vation of the market-maker’s capital and its impact on volatility is higher than for the ∆s.

For a given level of volatility, this multiplier is constant. For instance assuming a volatility level
of 40 percent per year the multiplier ratio between a daily re-hedging frequency and a 2 percent
based re-hedging strategy amounts to 1.56.

The variables to consider are either the frequency of re-hedging(Leland, 1985) or the underlying
asset variation threshold(Boyle and Vorst, 1992) triggering the rebalancing of the delta hedging
portfolio. Both formulas consider the level of volatility as the other input. Assuming that the FTT
generates an additional 0.2 percent roundtrip transaction cost on both sales and purchases of the
underlying cash equity, the application of both formulas gives the results displayed in Table 1 below
in terms of volatility increase.

This volatility increase is computed under the assumption that the option position sold by the
market-maker will be held until the option maturity. As a result, this effect as computed below, is
the maximum possible effect of the FTT that a market-maker will transmit to the market by an
increase in the volatility of an option sold onto the market.

Table 1 shows the increase in the implied volatility, solely for the replication costs, for a market-
maker selling an option on a cash equity, it will have to carry until maturity. Conversely, a
market-maker buying an option on cash equity and carrying the position until maturity, will have
to decrease the volatility it will quote, by the same amount, to accommodate for the expected
hedging costs.

For index options, where we can assume a 0.02 percent roundtrip transaction cost, the magnitude
of the impact will be 10 times lower as both the Leland and Boyle and Vorst formulas retain a
volatility impact that is itself proportional to the rate of the roundtrip cost (Table 1).

Table 1: Volatility Increase for a 3 year Short (cash) Call Equity Option Position
Depending Upon the Re-hedging Rules (Initial Volatility: 40 percent; S=K)

Hedging Rule No Repo Tax Repo Tax Index Options

∆s = 0.01 7.33 13.67 0.73

∆s = 0.02 3.82 7.33 0.38

∆s = σ
√

(∆t) 4.26 8.15 0.43

∆t = 1/252; Daily 2.46 4.78 0.25

∆t = 1/(2 ∗ 252); Twice a day 3.44 6.62 0.34
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1.2 Total Costs Including Initial and Settlement Costs When The Volatility is

Constant

The original works from Leland, as well as Boyle and Vorst just consider the hedging costs attached
to the rebalancing of the hedging portfolio. However, in the context of a FTT transaction, the
market-maker will incur additional costs at trade inception. It will incur costs at option settlement,
as well. A corrected formula to accommodate for the costs incurred at trade inception was proposed
by Leland et al. (2007). However, we need to consider, in addition, all the costs borne by the market-
maker at delivery, in case the position is carried out till option maturity. Furthermore, we have to
take into account the dynamic aspects of market-making, especially that only the inventory portion
of the flow orders has to bear costs of replication. Also, we have to consider that only a portion of
the option book is to be carried upon delivery.

We make the assumption that before selling a new option, the market-maker owns a hedged equity
portfolio as well an unhedged equity portfolio. Its market risk is within its trading limits. This
allows the market maker to benefit from ”proprietary” directional positions it can take on both
volatility and stock price level.

When new trades arrive, the market-maker generally nets together matching orders of opposite
interests, and chose either to hedge or non hedge the positions for which it acts as a principal.

We consider the case of a market-maker selling a call option.

- At trade inception, the number δ of shares that the market-maker selling a call option has to
buy is: δ= Φ(d∗1), where Φ() designates the cumulative distribution of a standard gaussian random
variable.

It will therefore incur a cost of k
2S0Φ(d1

∗) which is stated in Leland et al. (2007), where S0 is the
spot value of the stock.

This cost will be quite different between option on equity futures or forward (k = 0.02 percent)
and option on cash stocks (k = 0.2 percent without funding; k = 0.4 percent if we consider the
funding) .

It will have to be weighed by the quantity of options which need effectively a replication portfolio to
be hedged. In the Flow order addressed by the market-maker, this one can match and net purchase
and sales orders from the market. Thus only a portion of the flow quoted by the market is going
to need a replication portfolio.

- At trade settlement, in case the call option is in the money, this market-maker will sell the stock
before tax at the strike price K and will receive (1− k

2 )K after the FTT. It will buy the stock at

a price before tax of ST and (1 + k
2 )ST after paying the FTT.

In our business model this settlement cost will only apply to the options for which the broker dealer
entered into the market and acted as a principal. The settlement costs will only apply for those
trades which represent a fraction IF (t) of the total Flow orders.

- On the stock sale, the additional cost is, according to Black-Scholes framework [KE(ST > K)]k2
which writes:

k

2
KΦ(d∗2)
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d∗2 designates the quantity d2 using the modified volatility σ∗.

- On the stock purchase, the additional cost is:

k

2
E(ST ;ST > K) =

k

2

E(ST ;ST > K)

E(ST )
∗ E(ST )

k

2
E(ST ;ST > K) =

k

2
Φ(d∗1)S0

According to the definition of Φ(d∗1), where d
∗
1 designates the quantity d1 using the modified volatil-

ity σ∗.

As a consequence, to consider the full impact of the FTT on the expected transaction costs incurred
by the market-maker selling a call option, and carrying this position till option’s maturity, we have
to consider the following additional cost:

k

[

Φ(d∗1)S0 +
K

2
exp(−rT )Φ(d∗2)

]

with r the risk free interest rate.

This cost translates into an additional volatility ”bump” that the market maker will apply. The
total additional cost to consider for trade inception and settlements costs writes then:

∆σ =
k[Φ(d∗1)S0 +

K
2 exp(−rT )Φ(d∗2)]

V ega(S0,K, σ, T, r)
(3)

One can remark that the volatility bump will depend upon both the probability of exercise for
the European option (measured by Φ(d∗2)) and the option maturity. It will be higher for ”In The
Money” options and options with a shorter maturity.

By considering the call put-parity relationship, this volatility ”bump” will also apply to the put
volatility.

Because those additional costs are applying to the hedging portfolio, which is considered the same
way in both Leland and Boyle and Vorst work, this additional cost is the same in both frameworks.

Finally, we obtain the full impact of transaction costs and FTT, by adding the effects from Table
1 and Table 2 for a cash equity option, and Table 1 and Table 3 for a future equity option.
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Table 2: Additional Impact of Initial Hedging and Terminal Settlement Costs on Im-
plied Volatility in percentage, Depending Upon Option Strike and Maturity in Frac-
tional Years for a Cash Equity Option;S=100; σ = 0.25

Moneyness defined as strike divided by spot

Maturity 0.8 0.9 1.0 1.1 1.2

0.08 34.36 6.65 2.65 1.52 1.05

0.25 5.15 2.53 1.55 1.10 0.08

0.5 2.46 1.56 1.12 0.86 0.70

1 1.39 1.03 0.81 0.67 0.58

2 0.88 0.71 0.60 0.52 0.46

3 0.70 0.59 0.51 0.45 0.41

4 0.60 0.52 0.46 0.41 0.38

5 0.55 0.48 0.43 0.39 0.36

Table 3: Additional Impact of Initial Hedging and Terminal Settlement Costs on Im-
plied Volatility in percentage, Depending Upon Options’ Strike and Maturity in Frac-
tional Years for a Future Index Option. S=100; σ = 0.25

Moneyness defined as strike divided by spot

Maturity 0.8 0.9 1.0 1.1 1.2

0.08 0.35 0.67 0.26 0.15 0.10

0.25 5.15 0.25 0.16 0.11 0.08

0.5 0.25 0.16 1.12 0.86 0.70

1 0.14 0.10 0.08 0.07 0.06

2 0.09 0.07 0.06 0.05 0.05

3 0.07 0.06 0.05 0.05 0.04

4 0.06 0.05 0.05 0.04 0.04

5 0.05 0.05 0.04 0.04 0.04
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1.3 The Impact of Transaction Costs on Implied Volatility when The Volatility

is itself Not Constant

The original papers from Leland or Boyle and Vorst do consider a constant volatility. They do
not consider either put or call spread positions. In the real world, volatility is itself stochastic and
market makers have to hedge against it, sometimes using put or call spread positions.

In fact, the only way to hedge against the volatility risk is to take an opposite position on an
instrument depending upon the volatility (in short, an option or an other instrument based on
options such as a Variance or a volatility swap) of the same underlying instrument.

Because we make the assumption that the option market can be illiquid, we have to consider that,
in that case, it might be impossible for the market-maker to hedge against the volatility by entering
into an opposite position on an other option.Therefore, the market maker is going to be exposed to
the risk of holding an option hedged with a replication portfolio consisting only of cash and shares.

Such situation carries the risk of having a realized stock variance higher than the variance for which
it sold the option. This risk, related to what market practitioners call ”Dollar Gamma”, is path
dependent and cannot be estimated with a closed formula. Instead, the best practice consists in
measuring this hedging risk through a ”Monte-Carlo” simulation of the possible paths followed by
the underlying asset.

We need to be able to consider that the variance (and therefore the volatility) is itself non constant.
Therefore, we have to consider a model of both volatility and underlying equity. Such models are
very well known today.

One possible candidate is the ”Heston Model” which retains a stochastic volatility following a
random path correlated with the level of the underlying asset, as follows:

Such model in order to give positive values for the variance has to respect a few constraints, ’a-
priori’ on its parameters known as the ”Feller” conditions. It can be calibrated in the market, as it
is possible to use ”Heston based” closed formulas for the option prices to be compared to market
prices. However, such model calibration is very sensitive to the market data. It is not unusual to
then calibrate Heston models which do not satisfy the Feller-conditions. This is not very practical
in Monte-Carlo simulations, and several methods of correction can be used. For all those reasons,
we will explore an other route.

An other approach is to consider a modified Black-Scholes model where the concept of (local)
volatility is used. The local volatility is itself a deterministic function of both underlying asset level
and residual maturity of the option. It can be calibrated through a Partial Differential Equation
(PDE), by using the market prices of options with different strike prices and maturities. It is
possible to estimate using the existing market data. Estimations of such models are available
through various software vendors, and especially on Bloomberg terminals.

1.3.1 Dollar Gamma, Path Dependency and Monte-Carlo Simulation of the Market-
maker’s Hedging Program When Volatility is not Constant

We consider know a sample of 5 corporate companies. For each stock, we use the existing market
data on the corresponding option prices for various strikes, and maturities, as of September 30,
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2016. We calibrate a local volatility surface to available market data. Such process is standard and
available through Bloomberg terminals.

We then build up a specific dedicated library in Visual Basic and Excel allowing to replicate the
Delta neutral hedging program followed by the option market-maker.

This is done through a Monte-Carlo simulation of the path followed by the underlying equity price
using the calibrated local volatility surface. We estimate the impact of the FTT by applying for each
business day of the simulated path the additional hedging costs due to the FTT, when purchasing
or selling shares. We suppose at this stage that the underlying stock path is not affected by the
FTT. We compute then the profit and loss of a market-maker selling a european call option and
deduct the additional impact of transaction costs due to the implementation of the FTT.

This corresponds to a calculation based on a daily frequency of re-hedging and a ∆t rule. We then
derive the corresponding impact to a ∆s rule, by applying a coefficient computed as described above
(cf paragraph 1.1). We are assuming that the FTT will apply on a roundtrip basis on repurchase
agreements as well as purchase and sales of securities. Both parties will pay their FTT due but will
not charge it to their counterpart. This results into an increase in the roundtrip transaction costs
which amounts, for our market-maker to 0.4 percent of the notional value of the trade.

Finally, we compute the necessary increase in the volatility level to offset the expected transaction
costs by dividing the amount of additional transaction costs by the option vega at trade inception.

Under these assumptions, we find that taking into account a non constant volatility leads to a
significant increase of the FTT’s impact on the implied volatility quoted by the option market-
maker. This increase can amount to several additional points of implied volatility as evidenced
when comparing Table 4 to Table 5.

Table 4: Volatility Increase for a Short (cash) Equity Option Position 3 years when
Volatility Is not Constant)

Company ATM Level ∆t Daily/Vol ∆s/Vol 0.02 ∆s/Vol 0.01

Michelin 23.05 6.75 10.48 20.07

Alsthom 26.12 6.09 9.454 18.12

Arcelor 39.05 6.29 9.77 18.71

Axa 28.44 5.56 8.63 16.54

Commerzbank 38.19 5.28 8.21 15.73

Those values are to be compared to the ones computed under the assumption that the volatility is
constant.
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Table 5: Volatility Increase for a Short (cash) Equity Option Position 3 years when
Volatility Is Constant)

Company ATM Level ∆t Daily/Vol ∆s/Vol 0.02 ∆s/Vol 0.01

Michelin 23.05 4.6 4.22 7.875

Alsthom 26.12 4.65 4.79 8.92

Arcelor 39.05 4.78 7.16 13.34

Axa 28.44 4.68 5.21 9.71

Commerzbank 38.19 4.77 7.00 13.05

1.3.2 Call and Put Spreads. Application to Delta Neutral Hedging Rule

In option market’s real life, market-makers, instead of holding a position till maturity, in case they
do not find an offsetting trade, will hedge their option positions with available options, regardless
of the strike. Generally speaking, this is the case for ”Out of the Money” (OTM) equity options
which are not very liquid, and are hedged with ”At The Money” (ATM) options which are more
abundant. Consequently, it is interesting to measure the impact of the FTT in such configurations.
As we saw before, the calculation of the FTT full impact has to consider a non constant volatility
and is based on Monte-Carlo simulations as it is path-dependent.

Table 6 shows the impact of the FTT in terms of Volatility for an OTM equity option which is
statically hedged with an ATM option. The ratio between the number of OTM options and ATM
options is such that the overall Call-spread position is Delta neutral at inception(δ=0).

We can see, in the particular case of Michelin, that the FTT’s impact increases with the distance
of the OTM option to the Money. Put more simply, the FTT’s impact increases with the difference
between the option strike and the spot value. Practically, we can see also that the FTT’s impact
is lessened for OTM options whose strike is in a range of up to 200 percent of the spot price.

Table 6: Volatility Increase for a Call Spread Position on an Equity Option Position
3 years depending Upon The Moneyness (Constant Volatility): The Case of Michelin
Stock as of 30/09/2016)

Moneyness Vol Impact

250 2.8

200 2.6

140 2.5

120 2.0

Remark: Going forward, we will consider in the next sections, for simplicity sake that the volatility
is constant. This will allow us to avoid the additional consideration of volatility randomness in our
quantitative estimations.
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1.3.3 Impact of the FTT on Expected Realized Variance

We consider now the variance which is the square of the volatility. We focus on the expected
realized variance, under the risk neutral mesure induced by the random process followed by the
stock. We can extend to the expected realized variance the Leland results which stand for the
implied volatility. We consider only the cost of hedging of a Variance swap.

In fact, we have the following proposal, which also proves that the Leland calculation for fixed
re-hedging period still holds. Finally, this formulation allows to consider a formulation which is not
dependant upon the Dollar-Gamma thanks to the properties of variance swaps.

Proposition Impact of Transaction Costs on Expected Realized Variance

Hypothesis

(i) We consider a Variance swap whose expected realized variance and strike price is KV ar = σ2

under the classic Black-Scholes assumption of zero transaction costs.

(ii) We consider there is a roundtrip transaction cost affecting both purchases and sales of shares
whose rate k is expressed as a percentage of the share value.

Conclusion (i) in order to achieve the same pay-off the strike price of the variance swap has to
be adjusted to:

σ′2 = σ2

[

1 +
k

σ

√

2

Π∆t

]

(4)

One can see immediately this is identical to the Leland formula discussed previously.

Proof

We consider a variance swap whose pay-off is:

NV ar(σ
2
R −KV ar)

where NV ar designates a currency amount. The Variance Swap pays a multiple of the difference
between the realized variance (σ2

R)and the strike price (KV ar). The maturity of the swap is T . It
is expressed usually in business day units.

It is well known(see for instance Allen et al. (2006)) that such Variance Swap can be replicated
with a weighted option portfolio. Such replication, is for instance, the basis for the computation of
exchange traded variance swaps such as VIX (in the USA) or VSTOXX (in Europe).

We see that the hedging of such portfolio come down to a delta hedging as the Variance swap is
insensitive to the Dollar Gamma effect by construction.

We take the same notations as in Allen et al. (2006), p.87. We omit the factor 100 which is just
introduced as a unit measure, we see that if the rehedging occurs a t+∆t, then a quantity of

2NV ar

T

(FT − F0)

F0
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shares has to be bought in the market in order to stay delta-neutral.

We can consider for simplification’s sake, that ∆t = 1 business day. In that case the quantity T
∆t

is
an integer.

If we consider that this re-hedging process has to be done exactly T
∆t

, we have then the expectation
of costs associated with such readjustment on the life span of the variance swaps, which writes.

T

∆t

k

2

(

2
NV ar

T
E(|∆S

S
|)
)

(5)

After simplification, since:

E(|∆S

S
|) =

√

2

Π
σ
√
∆t

we find that those costs equal:

σNvar
k√
∆t

√

2

Π

We find that in order to cover the expectation of such costs, the strike price of the Var swap, which
is the market price of the underlying stock variance expectation. has to be adjusted. The new
Variance strike price is then:

σ′2 = σ2

(

1 +
k

σ

√

2

Π∆t

)

This proves the proposition.

2 The FTT Impact Depending Upon Market Structure and Liq-

uidity

2.1 Theory

2.1.1 Low Liquidity Equity Option Markets and Risk Neutral Market-Makers

We consider here equity option markets with a low liquidity. Generally, such markets rely heavily
upon a ”human” market-maker network. Those markets can be opposed to ”auction exchange
based” markets ruled by ”automatic robot trading”, where the liquidity is generally higher. In this
latter case, this liquidity is generally due to the presence of ”speculators” or noise traders. We do
not make any further assumptions on the possibility of placing ”limit orders” on the underlying
equity at the difference of next paragraphs 2.1.2 and 2.1.3.

Let us assume that the FTT generates an additional cost of carrying one unit of inventory until
maturity (”frozen inventory”) is xt which can be computed according either to Leland or Boyle
and Vorst rules if we assume a constant volatility. This inventory is considered as outside the
proprietary positions that the market-maker might have as an informed trader.
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The market-maker which carries a short inventory of qt units, will quote aggressively on the buy
side, in order to offset the transaction costs attached to this inventory. It quotes a bid price bt
and an asking price at. The mid price (or equivalently the reservation price) is then rt =

at+bt
2 . It

will bump its bid-reservation price for each unit and will quote bt = rt + qtxt for each unit of its
inventory.

Consequently the quotation interval will become [bt + qtxt, at].

In other words, the market-maker will purchase insurance against being short by buying options
at a competitive price up to bt + xt. It will give immediately qtxt to the market in exchange for
offsetting immediately its inventory and the expected risk attached to it which is also qtxt.

The new mid-price r′t will be:

r′t =
bt + at

2
+

qtxt
2

r′t = rt +
qt
2
V ega(σA − σ)

r′t = rt +
qt
2
ΓS2σ(T − t)(σA − σ) (6)

where Γ and Vega are the corresponding greeks attached to the option. σA is the modified volatility
which offset the additional transaction costs.

We consider an option market where the market-makers are the main sellers against the rest of the
market, and carry at all times, a short inventory, (qt > 0). If we further assume that the ”pattern”
of [qt, 0 < t < T ], the path followed by the inventory is not affected by the FTT, (or at least that
qt will not decrease), then because all other quantities in the above equation are positive, there
will be an increase in the reservation price. This will correspond to an increase in the volatility
mid-price.

As discussed in Appendix A, this will be the case when the market on the demand side consists
only of hedgers that we define as economic agents looking for insurance.

Equally important, is the fact that, in case the inventory is frozen or options are kept till maturity,
the impact on both bid and ask prices will be the maximum impact computed according to either
Boyle and Vorst rule.

As a conclusion, we can consider that in such markets, the introduction of the FTT will tend to
increase the mid price of equity options and will lead to an increase in the volatility mid price.
This effect will be the highest in option markets where the market-makers are facing hedgers and
are the only option sellers.

2.1.2 Highly Liquid Equity Option Markets with Risk Neutral Market-makers: A
Rule of Thumb

We consider know a liquid option market where it possible to place limit orders. We consider an
agent which faces the flow of incoming orders. It adjusts the intensity λδ of the incoming orders
which are executed by adjusting its bid-ask spread which equals 2 δ.
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Such agent derives its revenue first from agency business, or acting as a principal without carrying
an inventory. On its inventory, then it can also act as an ”informed” trader taking directional
positions on the future evolution of underlying equity prices and volatility.

This agent, in fact uses the flow of incoming orders to build up a directional position while minimiz-
ing its transaction costs. On its inventory, it will have a risk neutral approach. We will denominate
this agent as a risk neutral market maker, even though it acts too as an informed trader.

We designate by δa the distance between the asking price and the reservation price. δb is the
distance between the reservation price and the bid-price. We further assume that:

δa = δb = δ

We will further explicit in paragraph 2.1.3, the relationship between λ and δ which depends upon
the micro-structure characteristics of the market considered.

We assume that the market-maker knows, based on its knowledge of equity option market depth
that it will take a reasonable time ∆t to unwind its position by finding an opposite interest in the
market.

We can define ∆t as a ”stopping” time such that ∆t = (τ − t0) with:

τ = inf [t;Zt = x]

where:

Zt designates the number of trades executed with intensity λ(δ) on the time interval [0,t], and x is
the size of the order which is quoted by the market maker.

In other words, τ is the first hitting time of x by the Poisson process of executed trades whose
intensity parameter is λ(δ). We have E(Zτ ) =

x
λ
.

A good ”rule of thumb” for the market-maker is to compute its total effective cost TC(∆t) as
a fraction of the option cost TC(t, T ) which corresponds to the case where the option is held till
maturity. This is computed by averaging (”amortizing”) the total inventory cost on the time needed
to unwind it into the market. This writes:

TC(t+∆t) =
∆t

T − t
TC(t, T ) (7)

This results is quite intuitive. However, it can be shown that this assumption has some ground.

Proof: Justification of the Rule of Thumb

a We assume the current hypothesis of the Black-Scholes framework about the underlying asset S
following a geometric brownian process with a given volatility σ that we will suppose constant
for simplicity’s sake.

We consider a ”small” time interval ∆t which corresponds to the time needed to unwind the
position in the market. For the calculation’s simplicity sake, we will consider that this time
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interval is the same as the time interval defining the frequency of re-hedging ∆t′. We will
then review the general case where ∆t′. and ∆t have different values.

∆S
S

follows a gaussian distribution N(0, σ∆t
1

2 ). This yields immediately:

E(|∆S

S
|) = 2

1

σ
√
2Π∆t

∫ ∞

0
x exp− x2

2σ2∆t
dx (8)

and

E(|∆S

S
|) =

√

2

π
σ
√
∆t (9)

b We consider know the delta hedging process for call option C on a time interval ∆t.

- The call option is replicated by a portfolio comprised of shares and cash.

The cash portion writes Q = C − (∂C
∂s

)S and the shares to be bought are ∂C
∂s

S

Consequently the replicating portfolio P writes P = Q+(∂C
∂s

)S and consequently the hedging
strategy is self financed.

The computation is quite standard.

Following Leland (1985), we show that the total transaction costs :

TC(∆t) =
1

2
kΓS2

0 |
∆S

S
|+ ǫ (∆t)

3

2 (10)

where ǫ designates a usual residual small infinite function and 3
2 is the order of ∆t to consider.

- The total increase in the volatility to offset the cascading costs , according to Leland, is
such that the new volatility σ′ writes:

σ′2 = σ2

(

1 +
k

σ
√
∆t

√

2

π

)

Focusing on small values of σ′ − σ we can write:

σ′ − σ =
σ2

σ + σ′
k

σ
√
∆t

√

2

π

This simplifies into:

σ′ − σ = k

√

1

2π∆t

Immediately this yields because TC(t, T ) = Vega (σ′ − σ ) and Vega=σΓS2(T − t)

E(TC(∆t))

TC(t, T )
=

∆t

T − t
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c We consider now that we have a time interval ∆t′ for unwinding the option position in the
market, whereas the frequency of re-hedging is ∆t.

From the discussion above, it comes that

E (TC(∆t))

TC(t, T )
=

√
∆t

√
∆t′

T − t

.

Obviously, if ∆t > ∆t′ , the market-maker will unwind its position before having to adjust
its hedging portfolio. In such case, it will only have to bear the transaction costs linked to
the FTT at trade inception.

Consequently, we can consider that a practical value would be
√
∆t′ =

√
λ
√
∆t with λ <= 1

E (TC(∆t)

TC(t, T ))
=

√
λ

∆t

T − t

d: Boyle and Vorst framework We consider now the Boyle and Vorst framework. Focusing
on small values of σ′ − σ we can write:

σ′ − σ =
k

2νσ

We then use the expression of Vega as a function of Γ to derive the fraction:

E(TC(∆t)

TC(t, T ))
= νσ

√

2∆t

π

1

T − t

where ν in percents is the threshold triggering the rebalancing of the hedging portfolio.

This can be compared to the time based rebalancing.

This demonstrates the ”Rule of Thumb”.

Remark:

In assessing the ”Rule of Thumb” we have made the explicit assumption that the error made
by considering that the quantity ΓS2 (known as ”Dollar Gamma”), on the time interval ∆t was
acceptable.

This assumption is valid for liquid ”option markets” where this time interval is of the same magni-
tude as the time commanding the frequency of re-hedging (even inferior for highly liquid markets).

2.1.3 The Hamilton Jacobi Bellman Framework for Risk Adverse Market-Makers in
Highly Liquid Markets

We consider again the maximization of a risk adverse market-maker trading a given security whose
utility function is defined as follows:
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U(w, s, q, t) = Et[− exp(−γ(x+ qST ))]

where x designates the original capital of the market-maker.

and γ is the market-maker’s risk aversion coefficient (γ tending toward zero meaning the market-
maker tends to be ”risk neutral”). We note q the number of units in the market-maker’s inventory,
and T is the time horizon on which the market-maker considers its maximization program.

We consider additional assumptions and definitions.

Assumptions

a. The liquidity of the market is sufficient enough to allow the ocurence of ”limit” orders. That
means it is possible, for the market-maker to set up buy or sell orders at a predetermined price
called ”the limit”. The liquidity in the market is such that the market will not move beyond the
limit price without having the trade executed.

b. dSt = σ Wt where Wt is a standard Wiener process and σ is the constant volatility. Consequently
this is not a standard log-normal volatility.

c. Trading intensity is defined as the Poisson process intensity λ(δ) at which a ”limit” order will
be executed as a function of its distance δ to the mid-price quoted by the market-maker.

The frequency of market-orders is considered constant. In this model and in ”real life”, the closer
the ’limit’ order is to the mid-price, the better is the chance to have this order executed.

d. The distribution of the size of market-orders obeys a power law such that:

dPQ(x) = K1x
−(1+α)

where K1 is a constant.

∆p = K2 ln(Q)

where ∆p is the absolute price change following a market order of size Q.

The market-maker’s behavior in such markets can be described by the Hamilton Jacobi Bellman
equation (HJB) (see Ho and Stoll (1980)).

The HJB equation tries to maximize the utility function by finding the optimal values δa and δb

which designate the respective distances of the asking and bid prices to the reservation price.

Those values are commanding directly:

a) The execution intensity process λ(δ
a) at which the sell orders are executed.

b) The execution intensity process λ(δ
b) at which the buy orders are executed.

Those values of λ are linked to the micro-structure parameters:

λ(δ) = ΛP (∆p > δ)
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= ΛP (ln(Q) > Kδ)

= ΛP (Q > exp(Kδ))

= Λ

∫ ∞

exp(Kδ)
x−(α+1)dx

λ(δ) =
Λ

α
exp(−αKδ) (11)

According to Ho and Stoll, for instance, this leads to the resolution of the following Hamilton-Jacobi
Bellman equation (using for simplicity sake, from now on, the notations of Avellaneda and Stoikov
(2008))

∂u

∂t
+

1

2
σ2∂

2u

∂2s
+max

δb

[

λb(δb)[u(s, x− s+ δb, q + 1, t)− u(s, x, q, t)]

]

+max
δa

[

λa(δa)[u(s, x+ s+ δa, q − 1, t)− u(s, x, q, t)]

]

= 0

(12)

u(s, x, q, T ) = − exp(−γ(x+ qs))

Resolution

The HJB equation is usually simplified by using an ansatz θ(s, q, t) such that:

u(s, x, q, t) = − exp(−γx) exp(−γθ(s, q, t))

This leads to a PDE in θ as follows:

∂θ

∂t
+

1

2
σ2∂

2θ

∂s2
− 1

2
σ2γ(

∂θ

∂s
)2 +max

δb

[

λb(δb)

γ
[1− eγ(s−δb−rb)]

]

+max
δa

[

λa(δa)

γ
[1− eγ(s+δa−ra)]

]

= 0

(13)

θ(s, q, T ) = qs
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The solutions for ra and rb are directly linked to θ: Reservation prices are explained by the level
of inventory q ( The convention being q < 0 if the market-maker is short).

rb(s, q, t) = θ(s, q + 1, t)− θ(s, q, t) (14)

ra(s, q, t) = θ(s, q, t)− θ(s, q − 1, t) (15)

Those reservation prices give then a reservation price which is the average of the two.

Once the bid-ask reservation prices are determined, the first order condition provides the following
relationships for the optimal distances δa and δb as follows:

s− rb(s, q, t) = δb − 1

γ
ln

[

1− γ
λb(δb)
∂λb

∂δ
(δb)

]

(16)

ra(s, q, t)− s = δa − 1

γ
ln

[

1− γ
λa(δa)
∂λa

∂δ
(δa)

]

(17)

Equations (8) and (9) are quite important as they can be used to assess the possible reaction to the
FTT. First, one can notice that despite the framework is set-up for risk adverse market-makers,
this framework can be applied by considering that risk neutral market makers are representing the
”limit” case, when γ tends toward zero.

Considering small values of γ and using well known properties of the logarithm function, we get
the following equations for risk neutral market-makers.

s− rb(s, q, t) = δb +

[

λb(δb)
∂λb

∂δ
(δb)

]

(18)

ra(s, q, t)− s = δa +

[

λa(δa)
∂λa

∂δ
(δa)

]

(19)

2.1.4 The Asymptotic Approximation of the Hamilton Jacobi Bellman for Highly
Liquid Option Markets

Let’s consider now, highly liquid markets which are generally based on ”auction exchange ” based
and animated by automated ”robot” trading, especially ”high frequency” trading. Such markets
are opposed to the broker based markets discussed above which are ”human based”. They are
characterized by a very high liquidity. This allows the presence of high frequency traders as well
as the possibility of placing ”limit” orders in the market. Those markets can be of any kind, for
instance we will consider equity markets or equity option markets.

In such markets, the intensity of arrivals can be considered as symmetric. This means that if we
assume that δ is the distance of the quote to the reservation mid-price, we have:

λa(δ) = λb(δ) (20)
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Especially, if δ = 0 we see that λ = Λ
α

and that all trades are executed at the mid-price S.
According to the results established by Avellaneda and Stoikov (2008), it is possible to have a
simple asymptotic expression of the prices quoted by the market-maker. The solution of the market-
maker’s optimisation program at time t for the horizon T, is as follows, in terms of bid-ask spread
and reservation (mid) price.

Reservation price is given by:
r(s, t) = s− qγσ2 (T − t) (21)

Bid-ask spread at time t is:

δa + δb = γσ2 (T − t) +
2

γ
ln(1 +

γ

h
) (22)

whith h = Kα and σ2(T − t) is the cost incurred by the market-maker, if it carries the position
until maturity. Clearly this is an opportunity cost, as the market-maker is exposed to the market
risk without having the opportunity to unwind its position.

Finally 2
γ
ln(1 + γ

h
) measures the price impact of the market-maker’s quote on the market.

It can be seen then immediately that the corresponding impact for a risk neutral market-maker is
2
h
by considering that γ tends toward zero.

2.2 Upper Bound for the Market’s-Maker Risk Aversion Coefficient in a Com-

petitive Highly Liquid Option Market

Through these two equations we can assess the impact of the introduction of the FTT on the prices
quoted by market-makers in order to derive any possible effect on the implied volatility.

Applying the HJB framework directly to the option prices would prove difficult as we will have to
deal with the volatility of the call or the put considered as an asset.

However, we can turn around this difficulty by considering the synthetic stock which is a combi-
nation of a call and a put with the same strike and maturity. It is well known that this synthetic
security is itself a single stock future on the underlying equity whose maturity is the option’s ma-
turity. We consider that the volatility of the synthetic stock can be approximated by the volatility
of the cash stock (cf Appendix B).

This framework would be suitable for highly liquid option markets, such there exists already sig-
nificant volumes on the synthetic security, and consequently on the corresponding options. The
option markets for Apple or Microsoft, appears as good candidate. Such stocks enjoy the privilege
of having dedicated exchange traded variance swap markets which cannot be possible without a
highly liquid market.

Assumption: We can try to calibrate the ”HJB” equation, using the ”boundary condition” that
the HJB solution must respect in case the (’frozen”) inventory is held until maturity. In that case,
we can compare the results to the Leland or Boyle and Vorst calculations. The idea behind this
comparison is that in such markets, risk adverse market-makers will have to compete
with risk neutral players, such as other types of ”flash traders” as well as ”informed
traders”. Those last ones are generally taking directional positions on the expected direction of
the market, for the stock. Practically, to stay in business, risk adverse market-makers will face the
general constraint that the increase in their bid-ask spread following the introduction of the
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FTT, is not more than the one quoted by risk neutral market-makers. Thus, despite
the fact that the asymptotic approximation of HJB for a Risk-adverse market maker supposes a
monopolistic competition with one representative market-maker, we will admit that there could be
other ”market-making agents” following a risk neutral strategy and competing for business with
the risk adverse market-makers. 1

As explained above, we consider the synthetic stock which is a combination of a call and a put with
the same strike and maturity. It is well know that this synthetic security has the same pay-off as
a single stock future on the underlying equity whose maturity is the option’s maturity. Recall that
we proxy the volatility of the synthetic stock by the volatility of the cash stock.

From the bid-ask spread formulation we get: δa + δb = γσ2 (T − t)

If σN
A is the normal volatility of the underlying asset after transaction costs, we proxy the corre-

sponding log-normal volatility by:

σA =
σN
A

S0

(T − t) designates the time horizon on which the market-maker maximizes its expected utility.

We designate by ∆ the quantity δa + δb.

We use the following notation for Vega. V ega(S0,K, σ, T, t) = ϑ((S0,K, σ, T, t)

The competitiveness constraint imposes that the bid-ask spread for risk adverse market-makers will
not increase more than the bid-ask spread of risk neutral market makers. Moreover, we know that
according to HJB, the increase in the synthetic stock spread writes:

∆ = γ(σ2
A − σ2)(T − t)S2

0 (23)

On the other hand, Boyle and Vorst or Leland analysis retain a ”volatility bump” for the call and
the put so a consequent bump on the synthetic security bid-ask spread which writes:

∆ = 2ϑ(S0,K, σ T, t)(σA − σ) (24)

we know from Black-Scholes framework that

ϑ(S0,K, σ, T, t) = S2
0σ(T − t)′Γ(S0,K, σ T, t) (25)

Because of the competitive condition, both risk neutral and risk adverse market-makers must quote
the same bid-ask interval on the synthetic stock. We further assume that they consider the same
market impact. Consequently, we have the following relationship.

γ(σ2
A − σ2)(T − t)S2

0 =
∆t

(T − t)′
2

[

1

2
Γ(S0,K, σ, T, t)S2

0σ(T − t)′(σA − σ)

]

(26)

Where k designates the effective tax rate, which is 1
100 for cash instruments and 1

1000 for derivatives
such as Single Stock Futures.

If we further assume that the natural ”time horizon” in such markets is the day ∆t = (T − t) and
also that the re-hedging frequency is daily. Equation above simplifies into:

1This hypothesis can be justified by the general practice and the competitive pressure observed in capital markets
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γ =
Γ(S0,K, σ T, t)σ

(σ + σA)
(27)

According to equation 2 (Boyle and Vorst), we have:

σA = (1 + µ)σ (28)

with

µ =

√

1 +
k

ν

where ν designate the threshold for applying the ν based ∆s ν rule of hedging.

so, we find finally:

γ ≤ Γ

2(1 + µ)
≤ Γ

2

Interpretation

Therefore, we find a very interesting proposition regarding the maximization of the risk adverse
option market-maker’s utility function.

Proposition 1: Consider that:

(i) A Risk adverse option market-maker operating on an option market accepting limit orders.

(ii) Quoting on specific strikes and maturities, as well as on the synthetic stock for a given underlying
asset,

(iii) Subject to competition with risk neutral market makers, and quoting the same bid-ask spread.

(iii) This market-maker maximizes the following utility function v(x, s, q, t) = Et[− exp(−γ(x +
qT ))],where γ designates its risk aversion coefficient.

(iii) The asymptotic estimation of HJB from Avellaneda and Stoikov (2008) is valid in the option
market considered.

Then the risk aversion γ coefficient to consider in the market-maker’s utility function, depends
upon the option traded, and has an upper bound which is :

Γ

1 + µ
2

where Γ designates the Greek ”Gamma” of the corresponding option computed according to the
Black-Scholes formula and µ is defined according to equation (28).

Corollary: Consider additionally that:

(iv) The risk adverse market-maker is subject to the constraint of having the same market-impact
reaction than the risk neutral players
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Then the risk aversion γ coefficient to consider in the market-maker’s utility function is:

Γ

1 + µ
2

where Γ designates the Greek ”Gamma” of the corresponding option computed according to Black-
Scholes formula and µ is defined according to equation (28).

The proof is immediate considering equation above.

Remark:

We could consider now a ”theoretical” risk adverse market-maker trading a composite book built
with synthetic securities, cash equity options, single stock futures, and other delta one products.
This market-maker will trade mainly the synthetic or the future aiming to minimize its inventory
and maximizing its profit. This will ensure the same for the equity option portion of its business.

This market-maker will have an adaptive risk aversion coefficient equal to the Γ of ”the option”.
This option, chosen within the most liquid (”At the Money”) will have to get the same maturity
as the future or the synthetic. Its horizon will be reduced to ∆t.

Under these conditions, it results from the two propositions above, that in terms of impact of trans-
action costs, the ”Rule of Thumb” will yield the same results than an asymptotic approximation of
the HJB equation for such trader, where the horizon considered will consist of ∆t. This new horizon
∆t will be chosen as a time which on one hand allows to unwind the inventory, and on the other
hand registers a sufficient high volumes of trades, such that the HJB asymptotic approximation
can be considered. On highly liquid markets such the ones we considered (AAPL, MSFT), starting
with ∆t as 1 trading day seems for us a reasonable assumption.

Furthermore, on highly liquid markets we will consider that the equity options on single stocks can
be hedged with Single Stock Futures or other delta one products subject to a lower FTT rate. It
is possible to show that market-makers will face the same order flow than before the introduction
of the FTT, if we consider the combined market consisting of the reunion of cash and delta one
products.

Proposition:

(i) We consider a highly liquid cash equity markets whose associated Option market is highly liquid;

(ii) The market share of the market-maker on the combined market consisting of both cash and
derivatives is not affected by the implementation of the FTT.

then

(vi) There is a large substitution occurring between Cash and Delta One transactions

(vii) The Volumes Traded on the combined market consisting of cash and Delta one products and
addressed by the market-makers will stay the same.

Proof:

-We consider that there exists an initial allocation of transactions between the two types of agents
and the two types of products such that the equilibrium on both cash and delta one products can
be summarized as follows, in terms of quantities held:

qmc + qSc = qc (29)
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qmD + qSD = qD (30)

qmc and qSc designate respectively the initial allocation of cash quantities held by the market-makers
and the other agents. qc is the initial volume of cash securities.

Equations (32) and (33) hold for both quantities held and market flows.

There is a fixed quantity of cash stocks. The quantity of delta one instruments is at least equivalent
to the quantity of cash stocks, as some unhedged traders such as the speculators can write delta-one
without backing them by cash products. The market is such that we have symmetric arrival rates.

We write then the equilibrium on the two respective markets consisting of cash and futures. The
respective prices of cash and delta one products are derived by arbitrage.

- We consider that following the introduction of the FTT and because of the distortion of tax rates
between cash and derivatives products, a quantity ∆S

D of cash transactions is now done on delta-one
trades, by the non market-maker agents.

Pursuant to our hypothesis, market-makers have a constant market-share ν of both cash and
derivatives products. Market-makers see a decrease ν∆S

D in the quantities they held on cash, but
conversely they see an increase ν∆S

D of the delta one trades they serve. Because they have no
trading limits they must ”back-to-back” those trades with cash stocks.

The new aggregated quantities q′c and q′D become:

q′c = qmc − ν∆S
D + ν∆S

D −∆S
D (31)

q′D = ν∆S
D + (1− ν)∆S

D + qSD (32)

Consequently, we can see that
q′c + q′D = qc + qD (33)

Consequently, the extended quantity of stocks consisting of the sum of cash plus delta one products
is unchanged. We write them the equilibrium on the two respective markets consisting of cash and
futures. The respective prices of cash and delta one products are derived by arbitrage.

2.3 Quotation Asymmetry and Consequences on the Mid-Price

It is well known that the possibility of placing limit orders, for an equity option market-maker,
allows to mitigate a significant part of the transaction costs (usually the bid ask spreads of other
market-makers). This is due to the relative asymmetry of option buyers and option sellers. Option
sellers are negatively exposed to the variation of the underlying asset because of the term Γ∆S2.

Under the hypothesis that σ is fixed and because Γ is always negative for option sellers, any variation
of the underlying asset positive or negative, will be adverse to them. By the same token, option
buyers will benefit from any variation of the underlying asset as they are ”Γ positive” or ”Long Γ”
(The fact that the volatility is considered constant is key, here as results are not the same at all
when this is not the case”).
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Because of this particularity, according to Taleb (2005), when market-makers consider the delta
hedging of their replication portfolio, they will use rather a ∆S based rule than a ∆t one, and they
will place limit orders, when buying the underlying stock, to avoid part of the ask spread of their
counterparts. In the case of the FTT, the market-maker which is ”Long Γ’ will place a limit order
on the underlying equity inclusive of this tax. For instance, it will place a buy order at S

(1+t) and

a sell order at S
1−t

. Because, of the specific nature of the limit order, the market will not move
beyond those values without having the order executed.

In this condition and according to the market practice, in the presence of additional transaction
costs whose expectation over the life time of the option is x, risk neutral market-makers will quote
a bid-ask interval of [b-x2 ,a+x].

The new mid- price will then be:

r =
b+ a

2
+

x

4

New bid-ask quotation spread will become:

rb = r − 3

4
x

and

ra = r +
3

4
x

3 Application to the Quantitative Estimation of the FTT Impact

on Implied Volatility in in Highly Liquid Markets

3.1 General Considerations on The Cash Equity and Futures Option Markets

As seen before, the market size impact term 2
h
for the synthetic stock (and consequently 1

h
, for

both the ATM call and put) can be justified either by considering it is equivalent to the limit of
the corresponding adverse term γ tends toward zero or by considering the direct impact of one
additional trade whose size is α on the market, using equation (23).

We are also making the assumption that the trade size is not affected by the introduction of the
FTT. Volumes traded on option marketsshould increase significantly, because of the substitution
of Delta One (including synthetic stocks) to cash products. If we consider then that volumes on
the option markets, are not going to be affected negatively, it implies the same for the intensity
of trade arrivals, that the market’s maker is facing. Finally, we consider for the reasons explained
above that the market impact will at least stay constant or decrease.
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3.1.1 Equity Options and Tick Size

We consider now the case of equity option on futures . Those markets were, historically, options on
index futures contracts. Those option contracts are generally specified with a direct reference to
the level of the underlying future index expressed in points and a multiplier expressed in monetary
units. The recent creation and expansion of Single Stock Futures in Europe Most of the index future
contract specifications have been set up, a while ago, for index values around 1,000. Futures index
options contract specifications have retained this level, too in such a way, that the ”theoretical” tick
for option contracts, corresponds to 0.01 percent or 1 basis point (pip) of the notional value of the
underlying future contract . However, because of the general drift of equity indices that occurred
worldwide, since the inception of those contracts, this 1 basis point might be different, nowadays
from the theoretical tick for option contracts which is still in the option contract specification.

One can see after reviewing the various contract specifications that 1 basis point of the index future
contract value represents, nowadays, a multiple of the ”theoretical” or ”notional” option contract
tick size. For instance, it is easy to figure that this multiplier is equal to the quotient between the
current level of the index and 1,000.

This leads to multiplier values of approximately 5.5 for the NASDAQ 100 Option and the CAC 40
index option contracts. At the same time, the multiplier values amount to 2.5 for the DAX option
exchange, whereas SP500 CME and SP500 CME Nasdaq evidence a 2.0 multiplier while, finally,
the E-Mini SP500 contract retains a multiplier of 0.8.

Those various values are reflecting, the the ”effective” tick size in use on those exchange markets
is a multiple of the original tick size which was set up at the inception of those contracts.

Consequently, in order to be able to formulate an opinion independent upon the current level of
the Index markets considered, we propose to use a rule for the determination of the tick size, which
is derived from the valuation rules prevailing in the equity OTC derivatives markets. This rule
consist in quoting equity derivatives as a fraction of the notional amount of the underlying contract
, expressed in basis points. Thus, the minimal and ”normalized” tick size to consider for index
option contracts is, at least, 1

10,000th
or 1 basis point (1 b.p) of the notional underlying contract.

3.1.2 Market-impact

We then consider the possible ”market impact” of the market-maker’s quotation on the bid-ask
price. This term can be estimated for a risk neutral market-maker as equal to 1

h
by taking half

the limit when γ tends toward zero in the asymptotic solution of the HJB equation described by
equation (21).

Whatever is the quantitative estimation of this market effect, we will make the assumption that
this term is going to decrease following the introduction of the FTT. Such move will be explained
by an expected sharp increase in the volume of option transactions. This expected increase is due
to the difference in taxation between cash equity products and derivatives which amounts to nearly
0.40 percent when both counterparts of an option trade are financial institutions. For a daily trade,
this difference on a yearly basis amounts to 10 percent of the daily average notional value of the
trades.

This very sharp difference, would justify, from all economic agents not interested in the physical
detention of the cash stock, a massive switch from cash equity to delta one products, such as Single
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Stock Futures, CFDs and including as well synthetic stocks built up with call and put options. The
Single Stock Futures as well as the CFDs market should expand very significantly.

This ”gravitational pull” or ”liquidity begets liquidity” effect should lead all economic agents not
interested in the physical detention of the cash equity share to cluster as ”delta one” users. This
situation would constitute an equilibrium as none of such agents would do the reverse move by
going back to use cash equity products.

In conclusion, for those reasons we consider that in such highly liquid delta one markets, the market
impact will stay at least constant and most likely will decrease. Consequently, the moves on the
quoted market-spread will be explained by the two other factors discussed above.

3.2 Assumptions Made on the Highly Liquid Equity Option Markets

Assumptions:

In order to demonstrate some numerical results, we consider two hypothetical option markets
respectively on futures and on cash equity options, which satisfy the following conditions:

a-The market-depth is such that the positions are unwound by the market in a reasonable time
such that it can apply the ”Rule of Thumb” determination to assess its costs,

b- Market-maker is subject to a market risk limit expressed as an upper bound on MPL, its
maximum daily potential loss.

This limit is set-up under predetermined assumptions on the possible move (∆S, ∆σ) of both
underlying level and volatility. Those predetermined values are depending upon current market
conditions. They are updated frequently.

Moreover, there are limits as well as on the greeks of its option market-making book (including
hedges)such that:

MPL(S,∆S, σ,Γ, ) <= L (34)

with

MPL(S,∆S, σ,Γ, ϑ) =
1

2
Γ(∆S)2 + δ∆S + ϑ∆σ + θ∆t (35)

and
Γ ≤ Γ0 (36)

ϑ ≤ ϑ0 (37)

δ ≤ δ0 (38)

θ ≤ θ0 (39)

In this context, the market-maker considers other sources of income than facilitation revenues. It
acts also as an ”informed trader”, as the limits above are in fact ”trading ” limits allowing it to
take directional positions on both stock and volatility price level. For this reason, somehow, the
two activities of market-maker and informed trader are commingled.

Consequently, the market-maker when facing the market flow has several activities, that it will
exercise in the following ascending order:
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• Acting as an agent matching orders from the client base with the market without acting as a
principal

• Acting as a principal, netting orders from the client base with the market without taking any
outright position

• Acting as a principal and taking outright positions bearing market risk within the trading
limit

• Acting as a principal and hedging positions in excess of the trading limit with a replication
portfolio and support the corresponding transaction costs

c- Consequently, there is only a proportion λ of the quoted options on the flow markets
which will need a hedging replication portfolio at inception. The hedging will occur
automatically when the MPL limit is reached, or it will happen when the market-maker decides
to lower its exposure. Intuitively, the larger the MPL limit is the smaller the proportion options
needing replication will be. A conservative assumption is to consider that, in such highly liquid
markets, up to 20 percent of the option quoted for a given maturity and strike require a replication
and hedging portfolio. Furthermore, if the option is replicated with futures whose maturity is
beyond the option maturity, once the option is unwound in the market, there is no need to build
an other replication portfolio. The existing portfolio can be used immediately at no additional
transaction costs.

3.3 Quantitative Estimation of the FTT Impact on the Option Mid-price and

the Bid-Ask Spread

3.3.1 Impact on Option Mid Price and Volatility

We now consider the Rule of Thumb. We know that the expected transaction costs TC(t, T, σ) are
a fraction of the complete hedging costs.

Consequently they will write:

TC(t, T, σ) = λ
∆t

T − t
Γ(σ2

a − σ2)S2
0

We have to consider in addition the total costs including inception costs.

Applying this to our particular case we find that the total costs x = x(t, T, σ) write:

x = λ

[

2(
k

2
)S0Φ(d1

∗) + Γ(σ2
a − σ2)∆tS

2
0

]

(40)

Indeed, the hedging costs will not only have an impact on the bid-ask spread but they will also
have a lessened impact on the option mid-price and therefore the volatility. As we have seen that
the increase in the reservation price is x

4 and the total bid-ask spread is 23
4x=

3
2x it is easy to figure

that in order to get the impact on the mid- price, we have to consider a fraction 1
6 of the impact

on the bid-ask spread.
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3.3.2 Impact on Option Price and Volatility for Equity Options Hedged with Futures
or Cash

We can then compute the impact on the option mid-price for both cash equity and (futures) Index
options. We will make a distinction between those two categories.

a- Options Hedged with Futures We consider Option markets where the hedge consists either
of cash stocks or Single Stock Futures or even Index Futures. The cash equity market associated is
considered as highly liquid and the bid-ask spread is 2 b.p which is the magnitude of the roundtrip
FTT rate on derivatives.

Option market-makers can either hedge with cash stocks or futures. The arbitrage condition be-
tween cash and futures holds. Following the FTT implementation, market-makers hedging with
cash will switch to futures whose roundtrip transaction cost is more favorable.

We assume that because of the substitution between futures and cash products triggering an im-
proved liquidity, the bid-ask spread on derivatives before the addition of the tax at 0.01 percent,
will not increase. Provided that before the introduction of the tax, the derivatives and the cash
prices were consistent with the arbitrage described in appendix B, the liquidity effect, should lower
in fact the bid-ask spread on such products. We assume that it will not decrease.

Taking into account a one-day horizon for the maximization program of the market-maker’s utility
function , we can see that for an option hedged with futures, the impact of the FTT roundtrip rate
on the mid-price is going to be well within one basis point, which is ”within” one tick size.

This comes from the direct calculation of the quantity x in equation (38) above:

with parameters: S0 = 100;σ = 0.25; ∆t = 1 day; (T − t) = 1 day; Γ = 0, 422162606; r=d=0.02
which yields a variation of the quantity in equation above equals to 0.6 b.p for the bid-ask spread
and 0.1 b.p for the mid-price variation.

Table 7 below details the mid-price variation depending upon the maturity of the option when
the time horizon of the market-maker is one day. The impact is maximal for the short dated
options. It is close to nil for the other option maturities. One tick on the option price gives a
nearly insignificant effect on the implied volatility. Using Black and Scholes formula, and using
the parameters ( interest rate; dividends; strike and stock price) of the Table 7 below, 1 tick of
option price gives an impact of 0,003-0,004 percent on the level of volatility, for ATM options
whose maturities are between 1 day and 3 years. Because implied volatility is usually quoted with
2 decimals, we can consider that the impact on the volatility is close to nil.

b-Options hedged with cash equity.

We consider here option market-makers which still use cash equity options even after the FTT
implementation.

Table 8 below gives the same calculation for cash equity options hedged with cash equity.
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Table 7: FTT Impact on the Option Mid-Price in b.p of the Notional Contract For ”At
The Money” Futures Index, Equity Futures or Cash Equity Options (S = K) Hedged
by Futures Contracts for various Option Tenors (in days) and a 1 Day Horizon Time
for the market-maker σ=0.25)

Maturity Gamma Call price Impact

5 0.08 1.9664 0.0

21 0.039 4.0274 0.0

63 0.0227 6.9639 0.0

126 0.0160 9.8236 0.0

252 0.0113 13.823 0.0

378 0.009 16.844 0.0

504 0.0079 19.352 0.0

756 0.0063 23.465 0.0

Table 8: FTT Impact on the Option Mid- Price in b.p of the Notional Contract For
”At The Money” Cash Equity Options Hedged with Cash Equity O(S = K) for var-
ious Tenors (in days) and Horizon Times (market depth-in fractional days and days;
σ=0.35)

Market Maker Horizon in days

Maturity Gamma Call price 1 0.75

1 0.1809 0.8785 1.1 0.8

5 0.08 1.9664 0.4 0.4

21 0.039 4.0274 0.2 0.1

63 0.0227 6.9639 0.1 0.0

126 0.0160 9.8236 0.1 0.0

252 0.0113 13.823 0.1 0.0

378 0.009 16.844 0.0 0.0

504 0.0079 19.352 0.0 0.0

756 0.0063 23.465 0.0 0.0
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3.3.3 Impact of FTT Related Increase of Hedging Costs on the Derivatives Bid-Ask
Spread

Table 9 evidences the impact of the FTT additional costs on the bid-ask spread in b.p of the
notional amount under the assumptions stated above for such highly liquid market. The costs are
computed according to a rule of thumb for various ∆t times.

As we consider that an horizon ∆t of 1 day, is realistic, we focus on the last column. We can see that
the total costs are representing 0.1 bp of the notional value of the contract for ATM options. Taking
a deep dive into the calculation, we see that the transaction costs borne at both the inception and
the liquidation of the portfolio, amounts for 0.05 b.p.

This suggests additional reduction for institutions harboring option market-making desks coexisting
with futures market-making desks. As the internal transactions between desks occur within the
same legal entity, they are not subject to the FTT. Consequently, those costs at inception and
liquidation could be further reduced to 0.025 bp for ATM options.

Table 9: FTT Impact on the Option Bid-Ask Spread in b.p of the Notional Contract
For ”At The Money” Futures Index, Equity Futures or Cash Equity Options (S = K)
Hedged by Futures Contracts for various Option Tenors (in days) and a 1 Day Horizon
Time for the market-maker σ=0.35)

Maturity Gamma Call price Impact

5 0.08 1.9664 0.6

21 0.039 4.0274 0.2

63 0.0227 6.9639 0.0

126 0.0160 9.8236 0.0

252 0.0113 13.823 0.0

378 0.009 16.844 0.0

504 0.0079 19.352 0.0

756 0.0063 23.465 0.0

For this same reason of initial and unsettling replication costs, we can see in Table 10, that equity
option markets where hedging occurs with cash equity only will record a more significant increase
of the transaction cost. Assuming that 20 percent of the quoted options have to be replicated, we
see that from ATM options, the spread impact is already 2 bp of the notional value and 1.5 bp for
OTM call options whose δ is below 0.25. However, for the reasons explained above, the impact on
the reservation price is a fraction of those costs and is in fact still below 1 b.p. The impact is going
to grow when the time ∆t which measures the liquidity is increasing.

Consequently, it suggests that even for equity option markets which are already liquid, the impact
of the FTT will be more significant than for future options or cash option hedged with futures, and
that this impact will be inversely related to the liquidity of that market.
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Table 10: Impact on the Bid-Ask Spread of the Hedging Costs generated by the FTT
in b.p of the Notional Contract For ”At The Money” Cash Equity Options Hedged
with Cash Equity O(S = K) for various Tenors (in days) and HorizonTimes (market
depth-in fractional days and days; σ=0.35)

Market Maker Horizon in days

Maturity Gamma Call price 1 0.75 0.25 0.16 0.08

1 0.1809 0.8795 6.3 4.7 1.6 1.0 0.5

5 0.08 1.9664 2.5 1.9 0.6 0.4 0.2

21 0.039 4.0274 1.1 0.9 0.3 0.2 0.1

63 0.0227 6.9639 0.7 0.5 0.2 0.1 0.0

126 0.0160 9.8236 0.5 0.4 0.1 0.1 0.0

252 0.0113 13.823 0.3 0.2 0.0 0.0 0.0

378 0.009 16.844 0.3 0.2 0.0 0.0 0.0

504 0.0079 19.352 0.3 0.2 0.1 0.0 0.0

756 0.0063 23.465 0.2 0.1 1.0 0.0 0.0

3.3.4 The Additional Impact of the FTT Tax at 0.01 percent on the Bid-Ask Spread
for Derivatives Products

We consider the impact of the FTT tax at 0.01 percent of the notional value of derivative contracts
on the bid-ask spread quoted by the cash equity option market-makers. This tax will not affect the
mid reservation price and then the volatility in a highly liquid cash or futures option equity market

There ares several reasons, why this tax should not affect practically the bid-ask spreads quoted
by the market-makers in highly liquid cash equity option markets. We think that while its initial
ex-ante impact on the bid-ask spread is 2 b.p of the notional value of the contract, its final impact
will be lessened for the following reasons:

(i) Under the monopolistic business model prevailing for market makers, an excise tax is partially
passed through to the market to consumers, usually 50 percent (See as for example, Chamberlin
(1949)). In our case, this means that only 1 b.p would be passed trough to the market.

(ii) The increase in volumes traded on options, and the ”liquidity begets liquidity” effect option
discussed in paragraph 3, should increase the liquidity and the market depth and allow for in fact
a reduction of the bid-ask spread for Delta one products and consequently synthetic stocks.

For instance, let’s consider a 5 days synthetic option based on two equity futures options based
upon a position consisting of a long Call and short Put position. We assume that the horizon of
the market-maker is 0.25 days. According to Table 7, the increase in the bid-ask spread due to
hedging costs amounts to 1.4 b.p whereas the impact of the FTT is 2 b.p leading to a total impact
of 3.4 b.p o the bid-ask spread.

This additional bid-ask spread (S0 = K = 100 ; σ = 0.35; Γ = 0, 080863587 will be offset by a
reduction of approximately 0.9 days of the average time to unwind the position in the market. This
is equivalent to an increase of roughly one third of the volumes.

Proof: we can try to compute what is the implicit value of ∆t in fractional days.
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Γσ2S2
0∆t =

2

10000
S0

implies that

∆t = 252
2

10000

1

Γσ2S0

∆t = 0, 00012634 =0, 03183671 Day.

Consequently, a reduction of 2 b.p would require that the time to unwind is reduced by approxi-
mately 0.03 days. This reduction can be realized by an increase in traded volumes for the one day
option as it can be seen through the following consideration:

For a quote size of x, if we consider that a good ”estimation” of ∆t could be:

∆t =
x

λ(δ)

then using equation (10)

∆t =
αx

Λ
exp(−αKδ) (41)

which further simplifies, (because the frequency is computed by dividing the average volume V0 by
the average size) into:

∆t =
x

V0
exp(−αKδ) (42)

The above expression constitutes a possible ”proxy” (as it is obviously relies on several approxima-
tions).

(iii) Today, internal deals within big institutions having several desks such as cash equity, delta one,
and options are done at market price, with a bid-ask spread applied to transactions. By doing so,
various desks get internal pricing which is competitive when compared to the market. A possible
response to the introduction of the FTT, is that such institutions will merge their cash equity,
delta one and option desks in one ”combined” desk, or allow internal transactions to be done at
mid-price. Consequently, they will be able to reduce the transaction costs attached to the bid-ask
spread.

In markets where the bid-ask spread is 2 b.p on the cash, we can see that Desks using this rule and
switching to Futures instead of cash for hedging would be able to nearly offset the additional tax
on option transactions whose roundtrip is also 2 b.p. This would come at a price of a reduction of
the profitability of those desks, which would price at ”cost basis” the internal trades, in order to
stay competitive on the external trades, on the combined desk.

In addition, for large financial institutions, several ”trading desks” can use and reuse the same in-
ternal cash or derivatives portfolio for various purposes (lending/borrowing stocks, hedging options,
arbitrage) and proceed to internal transfers. Those transfers are FTT free as they occur within the
same legal entity. This in turn lowers the transaction costs.

(iv) The MIFID regulation requirement on the minimum tick size has been implemented on April
1, 2018. The purpose of such regulation is to curb the competition between Exchanges competing
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to attract business by lowering the tick size and the bid-ask spread for transactions. The complete
Grid is detailed in Appendix B. Minimum tick size is set up by underlying share or Exchange
Traded Fund (ETF) as a function of the daily trading volume and the price of the stock or the
ETF. For liquid stocks, the minimum tick size is comprised between 1 and 2 b.p depending upon
the stock price. Consequently, if we consider a stock whose bid-ask spread is 1 b.p and MIFID
imposes a 2 b.p spread, the FTT would be responsible for only 1 b.p of additional bid-ask spread.

(v) Finally, we expect a reduction in the underlying asset price as evidenced in Chapter III. The
equity share cannot be considered as a pure commodity, and its in fact an instrument whose primary
role is to raise capital for corporations. As shown in Chapter III, we should observe an increase in
the volumes of shares issued on the primary market as well as a decrease in the equity share price.
As the additional transaction costs generated by the FTT are proportional to the share price, any
reduction should decrease the final amount of costs and the impact on the bid-ask spread.

4 Conclusion

In Section I, we have first explored the impact of the FTT on Implied Volatility using well known
results on transaction cost introduced by Leland (1985), Leland et al. (2007) and Boyle and Vorst
(1992), for a number of finite re-hedging trades through the life span of the option. We have
completed both calculations by an additional volatility correction to accommodate the transactions
costs to be borne by the market-maker, in case the European option is exercised at maturity, as
well as original costs of building up a replication portfolio of equity shares at inception..

We have extended the Leland and Boyle and Vorst ”proxy” calculation for a number of finite
re-hedging through the life span of the option, to the Variance swap market and concludes that
the correction of the implied volatility to be considered, pursuant to the FTT, applies also on the
expected realized variance of the underlying cash equity.

Furthermore, we have explored additional impact when the volatility is itself non constant. Such
calculation requires first the calibration of volatility surface using option market prices then the
Monte-Carlo simulation of the path dependent effects. We concluded on a sample of 5 corporate
stocks that the impact of including volatility is significant but moderate (between 0.5 and 1.5 vega),
and has to be added to the original estimations of both Leland and Boyle and Vorst. Going further,
we have decided to keep the assumption of a constant volatility for simplicity sake.

We have used a well known result about the asymmetry between buyers and sellers of options,
which favors option buyers to the detriment of option sellers when it comes to transaction costs.
This effect is responsible for a theoretical increase in option mid-price and therefore volatility, whose
magnitude and significancy have to be further estimated.

We find that in option markets with a low liquidity, and where market-makers are structurally
short of options, the impact of the FTT on the volatility is going to be positive. A maximal effect
will occur in ”insurance type” markets, when market-makers are the only sellers and face agents
looking only for hedging and which maintain their positions until the option’s maturity.

In Section II, we have considered the liquidity of option markets as a variable explaining the
intensity of the FTT impact on implied volatility quoted by either risk neutral or risk adverse
market-makers. We have done numerical simulations using a theoretical and hypothetical cash
equity option marked. We show that, if the liquidity is sufficient, the FTT would have no tangible
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impact on the option reservation-price quoted by the risk neutral market-maker. The computed
impact, will be within one fraction of an effective quotation unit of the option. Therefore, there
should be no tangible impact, too, on the implied volatility quoted by the market-maker.

Option markets such as Future Indices on the main market or cash equity option markets compa-
rable to Apple’s, or Microsoft’s markets, seem as good candidate in terms of existing volumes and
liquidity.

In Section III, we have conducted comparative statics for the effects of the FTT on the costs
of hedging the replication portfolio as well as building this portfolio at option’s inception and
liquidating it when the option is unwound.

Our results suggest that the final impact on volatility will depend upon the option market liquidity
which will command the magnitude of the impact on the volatility mi-price. Results suggest an
inverse relationship between the impact of the FTT and the option market liquidity prevailing at
the time the FTT is introduced.

The difference in taxation between cash and derivatives should trigger a ”gravitational pull” for
those agents, which should end clustering all in the delta one market. They should switch from cash
stocks to ”delta one” derivatives products, including synthetic securities. As the latter is built up
using a call and a put with the same strike and maturity it should generate a liquidity surge on the
option market, most likely first on the strikes and maturities which are already liquid. Consequently,
in existing option markets where the liquidity is sufficient for building up synthetic securities, or
where the single stock futures market is already liquid, the liquidity should not decrease at all and
is expected to increase significantly.

For the impact of the FTT on the bid-ask spread of derivatives we found that several possible
factors such as the flight to derivatives taxed at a lesser rate, as well as a better management of
order books, and also the implementation of MIFID II regulation on minimum tick size, could
mitigate the ex-ante impact of 2 b.p of the notional value of the contract on the bid-ask spread,
without completely offsetting it.

As a consequence, the bid-ask spread on the derivatives products such as Delta one derivatives
(Single Stock Futures, Options, Contract for Difference-CFDs) should increase slightly, purely for
tax reasons, in a context where the liquidity should improve very significantly.
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Appendix A: The Impact of the FTT on the Option Demand from

Economic Agents Acting as Hedgers

There are similarities between option pricing and insurance theory. In fact, an option can be seen
at first glance as an insurance contract. For instance, a European call option can be seen as an
insurance contract against the event of having:

St > K

The insurance contract pay-off is the difference between the value reached by the asset at expiration
time and the strike price. By the same token, a European put option can be seen as an insurance
contract whose pay-off is the difference between the strike price and the value reached by the
underlying asset at expiration time. In both cases, the premium of the option corresponds to the
premium of the insurance contract.

In fact, we will see below, that both call and put options can be considered as the combination of
two insurance contracts.

5 European Call and Put Equity Options Markets seen as Insur-

ance Exchanges

According to well-known properties of the Black-Scholes pricing framework, a European call option
on an underlying asset S whose spot value at time t = 0 is S0, with a strike K, a time to maturity
T , a forward F can be seen as the sum of two exotic options. Recall the Black-Scholes formula,
with the usual notations (for simplicity sake we consider a nil interest rate, thus that the forward
value F is such that F = S0).

C = S0Φ(d1)−KΦ(d2)

The expression above can be seen itself as the difference of two exotic options:

- The first term consists of an ”Asset or Nothing” call option whose payoff at maturity is the value
of the underlying asset.

- The second term consists of a ”Binary” call option whose payoff at maturity is a fixed amount of
money equal to K the value of the call option strike.

The ”Asset or Nothing” call option value is the product of the Forward value and Φ(d1) where :

Φ designates the cumulative distribution of a standard Gaussian random variable,

d1 =
ln(S0

K
)− r + 0.5σ2T

σ
√
T

and EQ designates the Risk-neutral modified probability.

Because C = EQ(ST −K;ST > K), we get
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Φ(d1) =
EQ(ST ;ST > K)

EQ(ST )
.

The ”Binary” call option value is the product of the strike price and Φ(d2). Φ(d2), according
to Black-Scholes, is the ”modified probability” of the event (ST > K). This probability writes
EQ(ST > K)

Proof

Assuming that S follows a geometric Black-Scholes process defined as dS
S

= rdt+ σdZ(t) with Z(t)
standard brownian motion process.

By applying ITo’s lemma to Yt = ln(St), it is well known that

ST = S0 exp

(

r − σ2T

2
+ σ

√
TdZ(t)

)

with Z(t) is a standardized gaussian distribution.

ST > K is equivalent to ln(ST ) > ln(K) which yields r − σ2T
2 + σ

√
TdZ(t) > ln(K

S0
)

Thus, P (ST > K) = P

[

Z <
ln
(

S0

K

)

+r−0.5σ2T

σ
√
T

]

= Φ(d2) with the usual Black-Scholes notations.

The ”Asset or Nothing” call option appears then as an insurance contract whose premium per
indemnity, in case of the event (ST > K) occurence is exactly Φ(d1). The indemnity is variable
and depends upon the value of the underlying asset S at maturity.

Consequently, because of the ”Asset or nothing” component, the buyer of a European call option
is buying an insurance contract from the market against the event (ST > K) whose occurence
expectation is exactly Φ(d2). The pay-off , conditional to (ST > K) is the asset value ST .

On the other side, because of the Binary option component, the same buyer acts as an insurer
against the event (ST > K) whose occurrence expectation is measured by Φ(d2). The indemnity
consist of a fixed amount of money equal to the value of the option strike price.The ”Binary” call
option appears then as an insurance contract whose premium per indemnity, in case of the event
(ST > K) occurrence is exactly Φ(d2). The indemnity is fixed and does not depend upon the value
of the underlying asset S at maturity.

Finally, we can consider that the equity option market, for European options, can be seen as an
insurance ”Swap” Exchange. The two exotic options linked to a European Call or Put option are
in fact two different insurance contracts, and the buyer of a call (respectively the seller) is acting
both as an insurer and an insured agent for the same event, with different levels of indemnification,
one being fixed (”The Binary”), the other being variable (”Asset or Nothing”).
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6 Optimal Insurance for Call and Put Option Buyers in the ab-

sence of FTT

6.1 Optimal Insurance for Insured Agents

(i) For the Binary Option seen as an Insurance contract, the insured agent will consider from its
perspective, its utility function which writes:

U(w1, w2) where, at the end of the period,

w1 designates the agent’s wealth if not insured and w2 is the agent’s wealth if insured.

w is the wealth at origin.

Z is the level of indemnification;

q is the premium per unit of indemnification.

L is the level of loss.

π is the probability of occurrence of the event (ST > K).

(ii) For the Binary contract, the insured agent considers then the maximization program of its
utility function which writes as follows:

Max[(1− π)U(w − qZ) + πU(w − qZ + Z − L)] (43)

The first order condition writes:

q(1− π)U ′(w1) = π(1− q)U ′(w2) (44)

It comes immediately that If q = π then Z=L . So we can see this optimum corresponds to a
situation where the agent wealth stays the same regardless of the occurrence of the event.

Consequently, such a Binary option is an ”optimal Insurance contract”, because the premium paid
KΦ(d2) is the product of the indemnity and the probability of occurrence of the Insured event,
such that the premium per indemnity is equal to the probability of occurrence Φ(d2).

(iii) For the Asset or Nothing, we can remark that:

-The premium S0.Φ(d1) corresponds to an ”optimal insurance contract”. We just need to check
that such premium keeps the net wealth of the agent at a constant level regardless of the occurrence
of the event.

- We can see also that the Asset or Nothing based contract corresponds to a maximization of the
Agent’s utility.

Proof

With the same assumptions, the insured agent will maximize its utility function and choose an
”Insurance level” αS with α positive and up to 1. The probability distribution is continuous, and
we have to consider the modified measure EQ.
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MaxEQ[U(w − αΦ(d1)S0) + (αST − ST ){1ST
> K}] (45)

implies a first order condition:

EQ[U ′(w − αΦ(d1)S0 + αST − ST ][−Φ(d1)S0 + ST {1ST
> K}] = 0 (46)

Assuming α = 1 implies that EQ[U ′(w − Φ(d1)S0)] is the expectation of a constant variable.

The first order condition becomes then:

U ′(w − Φ(d1)S0)]E
Q[−Φ(d1)S0 + ST 1ST

> K] (47)

According to the definition of Φ(d1), the right side of the expression above, writes:

EQ[−EQ(ST ;ST > K)

EQ(ST )
]S0 + EQ(ST ;ST > K]

Because EQ(ST ) = S0 (because r = 0), we find that the first order condition stands when α=1.

6.2 Optimal Insurance for Insurers

We consider now the perspective of the ’insurer” for both Binary and Asset or Nothing equity
option.

6.2.1 Binary Call

The ”insurer” considers the following program:

Max[(1− π)U(w + qZ + πU(w − qZ − L)] (48)

The first order (derivation toward Z) condition writes:

q(1− π)U ′(w1) = π(1− q)U ′(w2)

If q = π then Z=L. So we can see, in that case the insurer will be willing to provide coverage for
the full extent of the loss as long as q = π. In fact, this optimum corresponds to a situation where
the insurer wealth stays the same regardless of the occurrence of the event.

6.2.2 Asset or Nothing

For the ”Asset or Nothing”, the insurer (so, cashing in the premium, so selling the Asset or Nothing
option) considers if wether or not it will provide full insurance to the insured agent.

The insurer agent will maximize its utility function and choose an ”Insurance level” αS with α
positive and up to 1. The probability distribution is continuous, and we have to consider the
modified measure EQ.
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MaxEQ [U(w + αΦ(d1)S0 − αST {1ST
> K}] (49)

The solution for the first order solution is similar to the one discussed for equations (40) and (41)
above. We find that α = 1.

7 Consequences of the FTT on the Demand for Options Issued

by Hedgers

7.1 FTT Costs Embedded in the Volatility

a. We see immediately that the option’s market-maker is going to pass through its costs by
increasing the volatility on the sell side.

b. The hedgers will add the tax amount of t′K with t′=0.01 percent of the notional value of the
contract and which is certain to their costs.

c. In terms of pay-off, the hedgers will record a decrease in their pay-off as the settlement will
be subject to taxation if we assume a physical settlement of the option with shares which is the
common rule in cash equity option markets.

In case the option is exercised, for a call with strike K, they will buy at K(1 + τ) and sell at
ST (1− τ) incurring a total cost of A = τ(ST +K). The expectation of those costs are (with r=0).

EQ(τK;ST > K) = τΦ(d2)K

EQ(τST ;ST > K) = τEQ(ST > K)

τEQ(ST > K) = τ
EQ(ST ;ST > K)

EQ(ST )
EQ(ST )

τ
EQ(ST ;ST > K)

EQ(ST )
EQ(ST ) = τΦ(d1)S0

Consequently option buyers, face an increase of their premium, which is known at the time t = 0
where they buy the option. This amounts to:

t′K + τΦ(d2)K + τΦ(d1)S0

This increase is equivalent to an increase in the volatility level (corresponding to an increase on the
”sell side” for market-makers ) which becomes:

σ′ = σ +
[t′K + τΦ(d2)K + τΦ(d1)S0]

V ega
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7.2 Consequences on the Expected Realized Variance

The expected realized variance on the period [0,T] is defined as:

KV ar(0, T ) = EQ

[
∫ T

0
σu2du

]

If we consider that following the introduction of the FTT, hedgers face an increase of the volatility
such that the new volatility is:

σA = (1 + y)σ

Then this increase translates immediately in an increase of the expected realized variance:

KV arA(0, T ) = (1 + y)KV ar(0, T )

7.3 Consequences on the Final Demand for Options

Hedgers (and other agents) looking for insurance are gauging their expected chances of realization
of the event they are insured against (either ST > K or ST < K, depending of the option they
buy) by reading the market expectations. Because of the increase in market-makers hedging costs
the market expectations are up, as we saw above.

Based on the results of section 2 above, we have seen that, as long as the options are priced
according to the Black and Scholes formula, both insurers and insured agents will consider that
they are at the maximum of their utility function. Consequently, in such markets the demand for
options is not going to be affected even if the pay-off and the volatility are increasing. Hedgers
will consider, based on the increase in the expected realized variance that, the increase in the tax
translates into an increase of the ”hazard rate”.

This results can appear as surprising. However, they are better understood if we think about that
such option market would behave as a monopoly.
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8 Appendix B: Delta One Products Definition and Types

Delta One Products are derivatives instruments which are mimicking the cash flows and the total
return of either a long or a short position on a cash stock. Cash flows include dividends, corporate
actions (such as stock splits), as well as financing costs. Total Return is defined as the variation of
the stock price plus dividends. Those products are named after the option theory. Their ”delta”,
defined as the variation of their marked-to-market value divided by the variation of the underlying
equity, is exactly one. There are three different main kinds of delta one products.

8.1 Futures.

Futures or forward are delta one products. Assuming a stock price whose spot (mid) is St and
forward value is F (t, T ), then:

F (t, T ) = St [exp(cf − d)(T − t)] (50)

- with cf is the average cost of:

a) funding of the arbitrage cash and carry which consist of buying the stock, funding it and selling
the future.

b) borrowing the stock selling it, lending the cash proceeds, and buy the future (Reverse Cash and
Carry).

d is the continuous dividend yield of the stock. Futures and forwards can have different bid-ask
spread depending upon the credit worthiness of the two counterparts, which command the funding
spreads of those instruments.

8.2 Equity Swaps or Contract for Differences

Equity Swaps (EQS) or contract for differences (CFDs) are derivatives contracts where the total
return of the stock (including dividends) is exchanged against its funding cost. In an equity swap the
counterpart which is ”long” will receive the positive performance, pay the negative performance
as well as the funding of the position. Conversely a ”short” counterpart will pay the positive
performance and the dividend to the other counterpart, it will receive the negative performance as
well as the funding costs.

CFDs have been launched, a while ago, following the introduction of the British version of the
FTT (called the Stamp Duty Tax). At the difference of the current EEC project, Stock brokers
and market-makers are exempt from such tax, and this appeared as a way of avoiding the payment
for the tax for the clients using usually cash. The FTT introduced by French authorities in 2012
at a rate of 0.2 percent and then increased to 0.3 percent does not apply to CFDs.

One can see that futures, forward, EQS and CFDs have a similar exposure toward the variations
of the underlying cash equity. Market practice is to provide Direct Market Access (D.M.A) quotes
for CFDs such that their bid-ask spread is identical to the cash equity bid-ask. Unlike the futures
whose funding costs are embedded in the future price, CFDs see their funding treated and charged
separately. Theoretically, CFDs ruled by the DMA quotation rule allow to take intra-day positions.
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8.3 Synthetic Stocks

Long synthetic stock is defined as a combination of a long call and a short put positions with the
same strike and maturity.

According to the Call-put parity relationship defined in the Black and Scholes framework:

C(S,K, t, T )− P (S,K, t, T ) = exp [−(r − d)(T − t)] [F (t, T )−K] = St − exp [−(r − d)(T − t)]K
(51)

The delta one property is then immediate.As a consequence, we can see that any difference of two
of the three instruments S, C(S,K,t,T),P(S,K,t,T) gives either a long or a short position on the
third instrument.

Also, one can see that a synthetic stock issued using at the Money Forward options, (F (t, T ) = K)
will require no funding at trade inception. Furthermore, one can see directly using the equation
above that the synthetic stock mimics exactly the total return performance of Single Stock Future.

8.4 Arbitrage and Substitutability between Cash and Delta One Products: the

Delta One Property

(i) Products such as synthetic options or Single Stock Futures allow to replicate identically the
return of the underlying cash instrument. This is because they can all be replicated by a long
(respectively short) synthetic stock based on a combination of a long(respectively short) European
call option and a short (respectively long) European put option. From the properties of the synthetic
stock we get then the ”delta One property”:

∂FMid

∂SMid
= 1

(ii) Furthermore, Single Stock Futures prices are linked to the underlying cash prices by arbitrage
pricing.

(iii) Finally, we can consider that cash products and delta ones can be substituted one to another.
Within delta one products this is the same, provided that the funding costs are the same.

(iv) In the particular case of day trading, and after the introduction of the FTT, there is a possibility
of arbitraging the cash stock against the CFD. Because operations, are in one day we will consider
there is ni funding cost.

The arbitrage : buy the CFD sells the stock yields:

−FBid(1 + t′) + SBid(1− t) = 0 (52)

Whereas buying the stock selling the CFDs yields:

FAsk(1− t′)− Sask(1 + t) (53)

δ and δ′ designate the respective bid-ask interval for the cash and the CFD. t and t′ are the
respective FTT tax rates. From FBid = Fmid − δ′

2 and FAsk = Fmid +
δ′

2 and
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SBid = Smid − δ
2 and SAsk = Fmid +

δ′

2

We get:

FMid = SMid[1 +
A(t, t′)

2
+

B(t, t′)

2
]− δA

2
+

δB

2
(54)

With:

A(t, t′) = [
1 + t

1 + t′
− 1]

B(t, t′) = [
1− t

1− t′
− 1]

8.5 Overall Consequences on the Delta One and Derivatives Product Liquidity

for Highly Liquid Option Markets

8.5.1 Quasi-Identity of volatility between cash and delta one products:

Because of the arbitrage relationship and the presence of two respective different FTT rates for cash
and futures transactions, then the difference between the (normal) volatility of the future or delta
one product and the the (normal) volatility of the cash product, can be considered as insignificant:

σ(SMid) = σ(FMid) + ǫ

Proof:

In presence of respective FTT tax rates of t and t′ for cash and derivatives products, the cash and
carry and reverse cash and carry relationships is an extension of the equation above, with a cost of
funding the position, we designate by B. This yields:

FMid = SMid[1 +
A(t, t′)

2
+

B(t, t′)

2
]− δA

2
+

δB

2
(55)

With:

A(t, t′) = [
1 + t

1 + t′
− 1]

B(t, t′) = [
1− t

1− t′
− 1]

Consequently, by property of the standard deviation of a random variable, we see that the volatility
of the future is slightly greater than the volatility of the cash.

Taking into account t = 0, 01 andt′ = 0, 001; an σ = 0, 3, we find that the impact of the vol
difference on the bid-ask spread is 0.5 b.p for a 1 year option and 0.04 b.p for a one day option.
The impact of the basis reduction due to the substitution of futures to cash products should further
lower this difference by decreasing the basis.
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Going further, we will consider that:

σ(SMid) = σ(FMid)

8.5.2 Better bid-ask interval for derivative products and ”Gravitational Pull”

We consider first, the CFD position held one day versus the same position consisting of the cash
instrument purchased and sold within the same day. Both positions do not require funding.

The market-maker quotes on both CFDs and cash market as it runs a unique book.

For the cash equity share, the market-maker will quote the interval:

[
S − b

1 + t
,
S + b

1− t
] = [CBid, CAsk] (56)

At the same time he will quote on the CFD the other interval:

[
S − b

1 + t′
,
S + b

1− t′
] = [FBid, FAsk] (57)

Using these two quotes we can see that the arbitrage consisting of selling the CFD and buying the
cash, and conversely buying the CFD and selling the cash, yields the same cash-flow which is 2b.
Furthermore one can see immediately that:

FBid = CBid
1 + t

1 + t′
> CBid

and

FAsk = CAsk
1− t

1− t′
< CAsk

Consequently, this proves that the quotation interval, done by the market-maker is going to be
narrower for the future than for the cash instrument.

The property extends to the futures with longer maturities. One has to consider in addition the
cost of funding the cash position. There is a cost B in case the position is long.This carry cost
corresponds to the difference between the cost of borrowing money to purchase the cash stock, and
the revenue coming from lending the stock into the market with a Repo (repurchase agreement),
plus any dividend paid by the stock.

By the same token, there is an other cost B′ when the position is short of the cash equity cash.
This reverse carry cost is equal to the cost of borrowing the cash stock, selling it on the market,
lending the proceeds, and paying any dividend.

If we consider that the difference (the basis) between the future and the cash prices is constant for
a given future maturity.

FBid =
CBid(1− t) +B′

(1 + t′)
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The substitution of futures to cash product for trading, should have a direct impact on the respective
values of B and B′. Short sales of cash stock requiring the borrowing of cash stocks should be
substituted with short sales of futures, instead. There should be then an excess of cash stocks to
be lent, which should decrease both cost of borrowing and the lending rate of cash stocks. This
should further reduce B and B′, and consequently narrows further the bid-ask spread for the delta
one products.

We find an overall increase in the volumes of option traded because of the synthetic replication
of the cash stock which allows a very large substitution of futures and delta one products to cash
products. Assuming that before the introduction of the FTT, cash and delta one products quotes
where priced at their theoretical values based on arbitrage, the increase in liquidity of futures
products should, as seen above trigger a market-size effect allowing for a strong reduction of the
before tax bid-ask spread for futures, synthetic stocks and other delta one products.

Consequently, we should observe a very large increase in the liquidity of all those products, following
the introduction of the FTT.

At the same time, economic agents looking for insurance and using options will not decrease their
demand for options, as seen before.

In addition, we have seen in section that any increase in the volumes traded on the future should
further reduce the bid-ask spread. Moreover, substitution of futures to cash product for trading,
should have a direct impact on the respective values of B and B′. Short sales of cash stock requiring
the borrowing of cash stocks should be substituted with short sales of futures, instead. There should
be then an excess of cash stocks to be lent, which should decrease both cost of borrowing and the
lending rate of cash stocks. This should further reduce B and B′, and consequently narrows further
the bid-ask spread for the delta one products.

We find an overall increase in the volumes of option traded because of the synthetic replication
of the cash stock which allows a very large substitution of futures and delta one products to cash
products. Assuming that before the introduction of the FTT, cash and delta one products quotes
where priced at their theoretical values based on arbitrage, the increase in liquidity of futures
products should, as seen above trigger a market-size effect allowing for a strong reduction of the
bid-ask spread for futures, synthetic stocks and other delta one products.

Consequently, we should observe a very large increase in the liquidity of all those products, following
the introduction of the FTT.

At the same time, economic agents looking for insurance and using options will not decrease their
demand for options, as seen before.

8.6 Arbitrage and Substitutability Between Cash and Delta One Products

From the equations above, one can see directly that it is possible to arbitrage cash against delta
one products. Furthermore, it is possible to arbitrage all delta one products one against an other.
Depending upon the underlying cost of carry of the equity, bid-ask spreadS on the future or the
synthetic can be narrower or larger than the corresponding spreadS for the cash instrument. Usually,
the narrowing of the bid-ask will happen when the cost of carry will decrease. For instance, this is
the case, when the continuous dividend yield of the stock increases more than the cost of funding
the stock.
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However, those bid-ask spreads are in fact equivalent. We can see the future or synthetic bid-ask
spread as an ”all inclusive” spread taking into account the carrying costs. At the same time, the
cash spread does not consider the funding costs, for instance on the repurchase agreement market.

Finally, we can consider that cash products and delta ones can be substituted one to another.
Different kinds of delta one products can also be arbitraged one against an other. This is generally
the case for the future and the synthetic stock, which are listed products cleared on Exchanges.
EQS and CFDs are OTC (Over The Counter) products, and have different funding costs, which
are generally less competitive.

Nowadays, the delta one trading has taken a very significant extent and is fully integrated within
the business structure of main market-makers such as Investment Banks and Hedge Funds, as
evidenced by the Table 1.

Barring’s Bank (1992) Societe Generale (2008) and UBS (2012) have experienced, on their delta one
desk, huge fraud-related losses(between USD 2 and 5 Bio) leading to either bankruptcy (Barring’s)
or recapitalization (SG). This underlines that this kind of trading has grown up to an enormous
importance, as of today.

9 The AAPL Stock and Option Market Seen as an Example of

Highly Liquid Market

We review the main characteristics for the AAPL stock on both cash and equity options for the
month of May 2017.

9.1 Futures Markets on AAPL

Technically speaking, there is a single stock futures market dedicated to AAPL stock, which consists
of a contract listed on the One Chicago exchange. However, the liquidity on such market is not
comparable to the one on NASDAQ for the cash stock. The main market place consists of the option
exchanges cleared through OCC, and accessible trough Smart Order Routing (SOR) system.

9.2 Respective Volumes on the Stock and the Option Market

We consider the volume of the cash stock traded on NASDAQ, which is a listed Exchange. We
do not consider the volumes traded OTC (Over The Counter) through other ECN such as ”Dark
Pools” which are in fact Exchanges organized by big players such as Banks in order to be able to
trade big sized orders (”blocks”), or to preserve confidentiality.

a- Cash equity

The ”float” is defined as the number of outstanding shares available for trading and is 5.08 Bn.
Float is generally affected by corporate actions such as stock splits, or new issues on the primary
market. With an average price of USD 150 a share, the float for AAPL is worth USD 762 Bn.

The average daily volume in terms of number of stocks traded for May 2017 amounts to 31,926,657
shares which represents USD 4.79 Bn a day. Considering an average trade size of 100, we come
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to the conclusion, that the ”intensity” is such that, on an average basis, an executed trade occurs
every 9

100th
of a second.

b- Option and Synthetic

We consider the volumes traded on option exchanges which are cleared through the OCC (”Option
Clearing Corporation”), the US entity in charge of clearing options. Option contracts are traded on
multiple option exchanges (15), where the execution can take place. The existence of SOR (Smart
Order Routing system) guarantees that when a limit or a market order is entered through SOR, it
will get executed at the best price among all competing exchanges. Consequently, we will consider
that we have one unique option market for AAPL stock options, despite the fact that the option is
traded on 15 different exchanges.

Our numbers do not include OTC trades on the interbank market or on ”Dark Pools”.

The Table 1, below, provided by the OCC details the breakdown between the various exchanges
and the call and the put options.

The average daily volume in terms of option contracts (call and put options) is 476,226 contracts
a day. Each contract is about 100 underlying shares. Trading is concentrated on the first two
months, which represents around 75 percent of all transactions in volume.

We assume:

- A USD 150 stock price - That most of the option traded are ”At The Money” - That the
distribution of option’s strikes is symmetric around the spot rate

Consequently, the daily number of contracts represents a notional number of USD 7.14 Bn. One
can see this is already 40 percent more than the average daily value of the trades on the cash equity
market.

Considering a δ of 0.5, we get that the equivalent number of shares corresponding to the option
traded, amounts 23.811 millions. This is approximately 75 percent of the average daily number of
cash stocks traded on the NASDAQ.

Call and put options have different volumes. We do not have statistics on synthetics. Taking
the minimum between the call and put traded on a month, would give an upper bound proxy .
Using this calculation, we find a monthly total of 5.5 million of contracts correspond to synthetic
stock, consequently 275,000*100= 27,500,000 shares on a daily basis. This amount represents
approximately 90 percent of the average daily volume for cash equities.

Consequently, at first glance, the option market on AAPl appears as highly liquid.

9.3 Respective Bid-Ask Spreads and Market Intensity

a- The average spread on the synthetic is computed as the average of the respective bid-ask spreads
on the call and the put, weighted by the trading volumes. Using NASDAQ Exchange quotes, we
computed as of 19 May 2017, for the first two nearby contracts, an average spread of 12 basis
points for both May and June options (expiring within those two months). This situation on the
synthetic encompasses generally narrower bid-ask spreads on one type of option (either call or put)
depending upon the strike.
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b- The average spread on live quotations for the cash stock is frequently between 1 (0.65 b.p) and
2 cents (1.3 b.p), and less frequently can reach (2 b.p) as of the 19 May 2017.

c- As of the 19 May 2017, we computed some market intensity figures using NASDAQ statistics.
NASDAQ represented in May 2017, 24 percent of the overall volumes traded on AAPL options.
The market intensity appears very high for the short maturities options, on the first two nearby
contracts, for strikes around the ”money”. For instance, we have that day 51,995 call options
executed for strikes between 149 and 157.5 and 1 week maturity, whereas the corresponding volume
of executed put trades amounts to 26,414. This represents approximately an execution rate of two
option contracts per second for the call option, and a rate of one option contract per second for
the put option.

For the one month maturity, the volume on the call amounts to 16,050 for strikes between 145 and
160, whereas for the 6 weeks maturity the volumes of executed call trades for strikes between 148
and 162.5 amounts to 30,606. At the same time, the corresponding number of put trades appears
as relatively low at 424 trades for the day, for the same strikes.

Those figures suggest a high intensity market for options around at the money at least for option
maturities up to 6 weeks. Such market intensity corresponds to the case seen in Chapter I, where
the market depth is big enough to allow an impact of the FTT on the option price within the tick
size.

9.4 Respective Market-Participants

The OCC summarizes the executed trades for options and considers three categories of agents:
Market-makers, Clients, Firms.

- Market-makers are generally agents which commit to execute their bid-ask quotes for the quantities
and the prices ”displayed on the screens”. Usually, they benefit from rebated from the exchange
linked to the volumes they actually trade.

This category is not limited to real market-makers but includes informed and noise traders. Accord-
ing to the OCC the volume they represent is approximately 50 percent of the total volume. They
can include small trading units, investment bank desks, or hedge-funds. Recall that the biggest
market-maker on the world is Citadel, a Chicago based hedge fund.

- ”Clients” and ”Firms” represent the other half. This suggests those economic agents are not sub-
ject to the obligation of hedging their positions as the market-makers do. Consequently, potentially,
they are taking directional positions, or conduct some sort of arbitrage.

9.5 Conclusion

We consider the option market for the corporate company Apple (AAPL) as a case study for
measuring the effects of the introduction of a STET, similar to the EEC FTT.

The AAPL option market is highly liquid, especially for around ”At the Money” options with
maturities up to two months. This option market represents the main market place where delta one
products, such as synthetic stocks could be traded, following the introduction of a tax comparable to
the FTT. Currently, the notional quantities already traded on AAPL option markets are sometimes
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Figure 1: Volumes Traded on AAPL Equity Option Markets: Source OCC
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significantly larger than the notional quantities traded on the cash market.

We conclude this option market seems to present all characteristics enabling a possible transfer of
cash transaction toward synthetic stocks. The situation appears very similar to the case where such
tax would be introduced in only one country, and where a major portion of the trading business
would migrate from this country to the countries free of such Tax.

As a consequence, we can expect that in such market, the synthetic trade volumes are going to
increase, while the volatility is not going to increase. The existing average spread on the synthetic
security should therefore be reduced. Most of the trading business should migrate to the derivatives
market. All non market makers agents should cluster in this tax reduced financial market, while
market-makers should systematically favor the hedging of cash products with derivatives.
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Abstract

We study the impact of a Financial Transaction Tax (FTT) on the corporate cost of capital
through the possible impact of the FTT on the corporate bond market. Our new approach which
has not be considered so far, according to our review of the literature, considers the measure of
the FTT impact using the concept of capital structure arbitrage at corporate firm level in the
presence of transaction costs.

Corporate firms willing to raise capital by issuing corporate bonds on the primary market,
have to compensate investors against the potential firm’s default on its credit obligations. This
is usually done by issuing corporate bonds at a discount when compared to ”credit risk free”
bonds (usually government bonds of the G-7 group of wealthiest countries). The discount is
in fact equivalent, to the value of a Credit Default Swap (CDS) allowing the corporate bond
investor to buy protection against the firm’s default. The CDS can itself be hedged by an
American put equity option allowing to sell the share at a reservation price. As the share price
will tend to zero in case of bankruptcy, bond holders can recover the amount of debt in excess of
the assets by exercising this put. This put can also be replicated through a portfolio consisting
of shares and cash. In both cases, the chain of those hedging operations constitutes a Capital
Structure Arbitrage, where bond investors can buy equity derivatives or sell equity positions to
hedge against the credit default.

Because the corporations are borrowing money, they have then to compensate bond holders
by a premium allowing them to buy a put option from an option market-maker, or to replicate
the put option with a hedging portfolio. Thus, corporate firms find themselves on the worst side
of the bid-ask quotation interval. The market-maker selling the relevant option has to factor,
in its selling price, the cascading effects of the FTT on its replication portfolio. Corporations
will then support the possible increase in the asking price of the equity share price volatility,
triggered by the introduction of the FTT.

Furthermore, because the bond maturities are generally greater than the option maturities,
it happens that the option market to consider is quite illiquid. This is particularly the case for
deep ”out of the money” put options which should be privileged by the investors because of
their low costs. Then according to the results of chapter I, the impact on the implied volatility
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of options sold, is maximal and corresponds to the case of the ”frozen inventory” described in
chapter I.

In the worst case of illiquidity where no market-makers exist for such underlying cash instru-
ments and maturities, the investor would have to improvise itself has an option market-maker,
building up a replication portfolio and bearing the costs generated by the FTT, equivalent to
the ones it would support for a ”frozen Inventory”.

Consequently, we derive the FTT impact on the Credit Derivatives market, by mimicking
a capital structure arbitrage program which consists of hedging the credit risk by either a
put option or selling shares. We consider a structural model of corporate’s default, based
upon the results of the literature, and the practice of credit derivatives Capital markets. In
this framework, the corporation default is triggered by the level of the assets falling below a
predetermined threshold. This threshold is based upon the level of the outstanding debt. The
corporation default probability increases with the asset volatility, which can be itself derived
from the equity share price volatility.

We use the results of chapter I about the cascading effects of the FTT and the subsequent in-
crease in the asking price of the implied volatility for options. We first consider an oversimplified
structural model such as the Merton model, which belongs to the first generation of structural
models. Sampling 3 European corporations, we first evidence that even the calibration to capital
markets data of would predict an increase in the capital costs amounting to a multiple of what
is currently considered by the EEC so far, as the real impact (9 bp).

We then consider, CreditGrades R© the ”best of breed” structural model used extensively on
today’s capital markets, and introduced by JP. MORGAN in 2002. This model is based on
a version of the Black-Cox structural model which extends and completes the original Merton
model. This model, now a market standard, has the advantage of being an ”Off-the-Shelf”
product, and calculation engines are easily available.

We apply and calibrate this model to a sample of 6 European corporations which extends the
sample of 3 corporations we used for the calibration of Merton model. The corporations sampled
consist of 3 industrial and 3 financial companies.The calibration is done by observing, for each
corporation, the implied volatility levels of the corporation’s assets and the implied volatility
of the equity share price, which result from the inversion of the model using the credit spreads
observed on the CDS market. The impact of hedging a replication portfolio is then assessed
using the results of Chapter I. Then the initial asset volatility and the new asset volatility
after the introduction of the FTT are derived from the equity share price volatility using the
corporation’s capital structure (balance sheet). The reapplication of the model gives then the
increased credit spread generated by the introduction of the FTT.

We show that the FTT introduction increases corporate credit spreads by up to 60 percent,
and affects more the industrial sector than financial institutions. For an industrial corporation
with a 5 year CDS initial spread of 343 basis points per annum, we find an increase of 174
basis points. On this sample, the impact we find is between 5 and 20 times higher than the one
computed in a study realized for the EU authoritiesLendvai et al. (2012).

Credit Spread increase generates a price drop in corporate bond prices which is balance sheet
specific and increases with the corporate bond tenor. For corporate bonds with a 15 year tenor,
the price impact ranges between 3.8 and 45 percent.

From an economic policy standpoint, results evidence that the FTT effect will bear heavily
on the high yield corporate bond market. The magnitude particularly heavy for industrial firms,
suggests that even if the FTT is introduced in all EEC countries, at the same time, and targets
financial institutions, its effects go well beyond the EEC borders. For instance, considering the
case of ”Arcelor Mittal” corporation, a well known steel mill, the potential drop in its bond price
would literally impeach this company to find competitive financing, and could even drive this
company into default. This would create a strong distortion in competitiveness as the company’s
main competitors are outside the EEC.

Keywords: Tax reform, options, volatility, liquidity, credit spread
JEL Classifications: G02,G11,G12,H22,H39
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Introduction

There is a relatively large number of empirical contributions analyzing the effect of Standard
Turnover Excise Tax (STET) on capital costs, however few theoretical studies (based on general
equilibrium models or other theoretical tools) assess their impact on the real side of the economy.
In general terms, the scarce existing literature considers that STET affect the behavior of the real
economic variables through the transmission channel of capital costs (see EEC study by Lendvai
et al. (2012), Anthony et al. (2012), and Oxera (2014)).

This existing literature draws on theoretical general equilibrium models, simulations and empirical
analyses that try to determine the impact of STETs on the level and volatility of asset prices,
capital costs and real investment. Focused on the experience of countries such as the United States
(Amihud and Mendelson (1991); Hakkio et al. (1994); Matheson (2003), among others), United
Kingdom (Saporta and Kan (1997), Hawkins and McCrae (2002), Oxera (2007)), or Sweden (Umlauf
(1993); Westerholm (2003)), it concludes that financial transaction taxes would be associated with
a decrease in the price of assets and an increase in the cost of capital.

Additionally, other relevant papers covering the same or similar topics would be Habermeier and
Kirilenko (2003), Schwert and Seguin (1993), and Kupiec (1996).

However, among the literature, the various studies have focused on the corporate cost of capital
through the impact on the stock market, and we did not find any specific review on the corporate
bond market. This is not surprising as generally speaking the corporate bond market is atomized
and often illiquid with a difficult price discovery process.

We consider here the impact of a STET on the corporate cost of capital in the particular case of
the European Financial Transaction Tax (FTT). This FTT is in fact a standard turnover excise tax
(STET) that would apply certain rates to the notional value of all transactions related to securities
and derivatives. This STET would apply to all financial transactions taking place in the European
Union (EU) or performed by financial institutions domiciled in the EU. The EU DG (the European
Economic Research entity) has found, using a general equilibrium model Lendvai et al. (2012), that
the FTT would increase the corporate cost of capital by 9 basis points per annum. Our study
retains the exact specification of the FTT, as they are stated in the EU project.

Our approach is new and is based on micro-economics characteristics s at the corporate firm level.
We consider the possibility that the specifics of a given corporate firm command directly the impact
of the FTT in terms of capital costs. Therefore we study a framework where a uniform taxation
disposition can induce heterogeneous responses at the micro-economic level.

Instead of choosing empirical studies or using general equilibrium models which consider indices or
the corporate sector at the macro-economic level, we aim to find a quantitative framework which
allows to compute the potential effects of any FTT or STET on the corporate cost of capital project
at a micro-economic level. This quantitative evaluation is consistent and based on the current
conditions of the credit and equity derivatives market prevailing at the time of the introduction
of this new tax. In order to achieve this result, we focus on capital structure arbitrage between
various financing instruments issued by the same corporate firm. In particular, we look after the
interconnection between bond, credit and equity derivatives markets, for a given bond issuer.

Unlike other reviews, our analysis can be done nearly in real time and updated with the current
market conditions prevailing on both equity option markets and credit derivatives markets.
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When compared to other approaches based on general equilibrium models, our approach tends to
capture the cascading effects of the FTT, especially on the hedging and transaction costs incurred
by the economic agents involved in such arbitrage. The arbitrage we consider in particular consists
of arbitraging for the same firm, the corporate bond against the equity share, under a risk neutral
assumption. This arbitrage can be done either directly or through a put option, the two approaches
being equivalent from a valuation standpoint.

Since the mid-1990’s, credit and equity derivatives markets have expanded at a fast pace and are
largely used worldwide. The pricing methodology of such instruments is well known nowadays. It
is a common practice know to arbitrage credit and equity derivatives in order to derive a possible
profit in case of incorrect pricing. Both credit derivatives and equity derivatives instruments are
related to the balance sheet structure of the corporate firm as well as the implied volatility observed
in the relevant capital markets.

First, we consider the corporate bond market, through its connection to the credit default swap
(CDS) and equity derivative markets. Credit default swaps and corporate bond markets can be
arbitrated one against each other through basis arbitrage. This arbitrage consists in taking advan-
tage of the possible differences between the values of the CDS embedded into the corporate bond
price and the CDS traded in the CDS market. We estimate the impact of the FTT in terms of
bond prices.

Second, we study the connection between the credit default swap (CDS) market and the equity
option markets through capital structure arbitrage. This arbitrage consists in taking advantage of
the relative value differences between different financing instruments of the same corporate firm,
and finds its justification in the Modigliani-Miller proposition. However, our approach considers
that this arbitrage is strongly dependent upon the presence of transaction costs. We evidence the
possible static hedging of an agent selling credit default protection (short CDS) by an exotic put
option.

We consider then a credit protection seller hedging its corporate credit risk either by a put or a
dynamic replication of a put. This put for hedging costs consideration should be at a very low strike
price, and consequently deeply ”out of the money”. It should also have a maturity equivalent to
the corporate bond tenor and be specific to the corporate company. These characteristics suggest
that such option market would be highly illiquid, or not existing at all leaving no other choice than
to replicate the put and support the effects of the FTT. We then apply the results of Chapter I,
measuring the impact of the FTT in terms of transaction costs on implied volatility. Those costs
are equivalent to the costs that an option market-maker selling a put would factor in its quoted
volatility, on the sell side. We derive the effects on the CDS markets and finally on the corporate
bond markets.

We further review the effect of the FTT using structural models of the corporate firm. In such
models, the bankruptcy occurs whenever the level of assets falls a predetermined threshold. Con-
sidering the diffusion process followed by the value of corporate assets, it is then possible to derive
the probability of corporate default, and finally, under a given assumption for the recovery rate,
the value of the CDS spread insuring bond holders against corporate default.

Using CreditGrades R© , which is a standard structural models used oftenly in capital markets,
we conclude that the response to the FTT is going to be indeed, heterogeneous and will depend
mainly upon the corporate balance sheet structure, as well as initial conditions prevailing on the
credit derivatives market. The impact will be lower on highly leveraged corporate firms than on
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corporates with a low leverage, and it will increase with corporate debt maturity. The impact will
be higher for companies with a bad rating and high credit spreads. Numerically, the range of the
possible responses to the FTT is very wide. It translates immediately in a wide range of price
impacts on the corporate bond market. We forecast potential drops in the corporate bond market
value comprised between 3 and 80 percent depending upon the corporate balance sheet structure
and the bond maturity. Especially, the impact of the FTT on the high yield corporate bond market
appears as huge and leading potentially to a turmoil of this market and a corresponding very high
surge on the corporate costs of borrowing, for this sector.

Our results differ largely from the review done by the the European Union Research Entity which
concludes to a 9 basis points per annum increase in the capital costs. Our study concludes to more
radical effects in some particular cases than the other reviews based upon empirical or general
equilibrium (Saporta and Kan (1997), Hawkins and McCrae (2002), Oxera (2007)).

The magnitude of the drawdown on the corporate bond market, would be particularly heavy for
industrial firms. It suggests that even if the FTT is introduced in all the EU and targets finan-
cial institutions, its effects go well beyond the EU borders. For instance, considering the case of
”Arcelor Mittal” corporation, a well known steel mill, the potential drop in its bond price would
literally impeach this company to find competitive financing. This would create a strong distortion
in competitiveness, potentially threatening its existence as the company’s main competitors are
outside the EU.

Our paper is organized as follows. Section 1 is devoted to the connection between bond, and credit
derivatives markets. Section 2 considers simple capital structure arbitrage strategies and gives a
possible estimation of the impact of a FTT on credit spreads. through the description of simple
arbitrages. Section 3 considers the existence of structural models which link equity derivatives and
credit derivatives, and review a possible calibration of such models in order to estimate the global
effect of the FTT on the credit markets. The final impact on the corporate bond market taking
into account both bond-credit and credit-equity derivative arbitrage, is then computed. Section 4
concludes.

1 Interconnection Between Bond and Credit Derivatives Markets

1.1 Credit Default Swaps and Corporate Bond prices

Credit Default Swaps (CDS) are instruments which have been introduced recently (about 2000)
and which allow investors to mitigate the credit risk they bear when subscribing to corporate
bonds. Alternatively, such instruments allow economic agents to take directional positions on the
future evolution of the credit worthiness of such corporate bonds, in order to benefit from the right
anticipation (increase or decrease) of the credit quality of such bonds.

By design, a CDS on a given corporate bond is an insurance contract which provides its buyer with
protection against adverse credit default even such as bankruptcy, defaut on debt, debt restruc-
turing, and others negative credit events. In other words, the price of the corporate bond plus the
value of the CDS should be strictly equal to the value of a credit risk free bond.
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This writes:

Pc = PRf
− UFc (1)

Assuming the credit risk free and the corporate credit curve are both flat, and that both CDS and
the corporate bond are issued at the same time, the value of the CDS contract is well known since
the founding work of Hull and White or Duffie and Singleton Duffie and Singleton (1999). The
CDS is valued as an insurance product where the net present value of premium effectively paid
must be equal to the contingent payment to the insured party in case the credit default occurs.

Let’s designate this ”upfront” value (that the insured can choose to pay at the trade inception,
hence its name) by UFc. For a notional value of 1 dollar, the upfront value is given by (choosing
the expression of the expectation of the contingent payment)

UFc =

∫ T

0
[1−R−A(t)R]q(t)DF (t)dt (2)

Where :

-DF (t) designates the discount factor for 1 dollar received at time t

-q(t) designates the default probability density

-R designates the expectation of the recovery rate on debt in case of bankruptcy.

-A(t) designates the accrued interest on the bond at time t

Furthermore, Equation (1) can be extended when the yield curve is not flat.

Equation (1) means that any dollar variation of the upfront value of the CDS is going to increase
or decrease by the same amount the market value of the corporate bond. In particular any increase
in the credit spread is going to increase the upfront value of credit protection and decrease by the
same amount the value of the corporate bond.

1.2 Bond Basis Arbitrage Against Credit Derivatives in the Context of the FTT

Introduction

Equation (1) links the respective prices of the risk free rate bond, and the upfront value of the
CDS and corporate bond. It allows the possible arbitrage between corporate bond and risk free
bond prices as well as CDS prices. The possibility of an arbitrage occurs every time, the respective
market prices or expected transaction prices observed on the market are such that equation (1) does
not hold. It can happen, for instance, when the price of the corporate bond is below its theoretical
price built up from the observation of the risk free bond price and the CDS price.

In the case of a floating rate bond, it happens when the spread of the corporate bond which includes
in its spread an implicit credit default protection, does not correspond to the spread of the CDS,
after deduction of possible transaction costs. Those costs consist generally of bid-ask spreads on
the respective prices of both bonds and CDS. The difference between the bond credit spread and
the CDS spread is called the ”basis”.

For instance, buying the corporate bond price, selling the government bond and selling protection
trough a CDS would constitute such an arbitrage in the case where the bond price would be lower
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than its theoretical value. Assuming:

PRfb
is the bid price of a risk free bond

UFcb
is the corresponding bid upfront value of the CDS

Pcb is the bid price of the corporate bond observed on the secondary bond market.

We are interested in the bid price of the corporate bond

The arbitrage consists of buying a corporate bond, funding the purchase through a repo, buying
credit default protection, and finally selling the risk free into the market.

a- Before the introduction the FTT the cash flow (CF) of such arbitrage writes.

CF = PRfb
− UFcb

− Pcb

The corporate cash bond price insuring the breakeven (CF = 0) of the arbitrage is:

Pcb = PRfb
− UFcb

After the FTT is introduced, additional transaction costs in the arbitrage have to be considered.
The buyer of the corporate bond (counterpart A) executes 3 different transactions with opposing
counterparts:

- 2 bond transactions consisting respectively in the purchase of the corporate bond and the sale of
the risk free bond. - 1 transaction consisting of buying credit protection.

The opposing counterparts (counterpart B) mirror those trades and execute symmetrically the same
kind of transactions, the sign being changed.

Under the FTT regime bond transactions are taxed for their amount at the rate of the 0.1 percent,
whereas the CDS transaction, as a derivative, will be subject to a tax levied at a rate of 0.01 percent
on its nominal amount N .

We assume that all counterparts are passing their transaction costs in their quoted price.

Consequently, the new bid-price quoted by counterpart B at which counterpart A sells the risk free
bond is (1− t)PRfb and the sale is itself subject to the FTT rate of t leading to proceeds amounting
to (1− t)2PRfb

.

The new asking price for the counterpart B is (1 + t)2Pcb

The new breakeven price is:

Pcb = PRfb

(1− t)2

(1 + t)2
− UFcb

(1 + t)2
− t′N

(1 + t)2
(3)

We can see immediately that the introduction of the FTT generates an additional cost of 0.4 percent.
In order to be break-even, the basis arbitrage will then have to consider is going to increase the
basis between the CDS upfront value and the corporate cash bond by 0.4 percent.

Finally, corporate firms on the secondary market will have to lower their offering price by 0.4
percent of the notional value to accommodate for the introduction of the FTT. This price impact
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will then be transmitted to the primary market. This price impact does not consider the possible
reaction of the CDS spread and the upfront value of the CDS to the introduction of the FTT.

2 Arbitrage between Credit Derivatives and Equity Derivatives

2.1 Theoretical Static Hedging of a CDS with Put Equity Options

”Convertible arbitrage” strategies consist in trading a convertible bond, either against the equity
or a discount bond of the same corporate issuer. This concept has been further extended into
the concept of ”capital structure arbitrage”, now a market standard, which consists in arbitraging
various financing instruments of the same corporation. The justification for this arbitrage is explicit
in Modigliani-Miller’s work.

As a consequence of the developments of capital markets, and also because of the Modigliani-
Miller’s justification, equity derivatives, credit derivatives and corporate bond markets are all in-
terconnected. Equity volatility and corporate credit spreads can be arbitrated against each other.
This arbitrage can be used for hedging purposes. For instance, economic agents insuring the credit
risk on a specific issuer through a credit default swap (CDS), might hedge their exposure by buying
a put on the corporate equity share. The put option will have to match exactly the CDS maturity.
It is always possible to build up a natural or näıve hedge against corporate Default by considering
plain vanilla or exotic options such as binary or barrier options written directly on the corporate
stock. Such exotic options are preferred because they are generally cheaper than plain vanilla
options.

It is now a trend in today’s market that the CDS liquidity is dwindling down due to a tighter
regulation. In this context, the hedging of CDS through equity options tends to develop at a fast
pace.

It might happen, that there is not enough liquidity on the put option market for long dated
maturities and out of the Money options. In this case, it is always possible to get the same
protection level as the one provided by the put, by using a replicating portfolio consisting of short
positions on the shares. By doing so, the agent willing to hedge will expose himself to the cascading
effects of the FTT. He will support the transaction costs on the replicating portfolio, as well as the
FTT on the replicating portfolio funding, as the FTT affects also the repurchase transactions.

Consequently, the occurrence of default and the fall of the firm’s stock value below a certain
threshold are highly correlated.

Proposition 1: Existence of Self-Financed Hedging Strategies against Credit Risk using

Equity Options.

Hypothesis

(i) Let us assume an economic agent A which sells credit protection against the default of a corpo-
ration F , through a credit default swap (CDS) for a notional amount of M , a spread of s∗. T the
duration of the credit protection is expressed in years.

(ii) The recovery rate of the debt R is assumed to be known and constant. The upfront value of
the CDS is UFc. The corporation is assumed to have issues equity shares which are traded actively.
The value of the underlying equity at hedge inception is S0.
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(iii) The credit protection applies to the non recoverable part of the debt, i.e the portion of debt in
excess of the liquidation value of corporate assets. This means that a corporate bond holder having
bought credit protection will recover its capital and accrued interest by redeeming its bond to the
credit protection seller.

(iv) It is expected that in case of bankruptcy, the stock value will be ”close” to nil.

(v) The inception of the hedge is a a time where the company is not in bankruptcy.

Conclusion

(vi) There exists a self-financed hedging strategy consisting of buying American binary put equity
options to hedge against the cost of credit risk.

This means that NB = UFc

(vii) The pay-out B of each American option and the number N of options purchased are linked
by the relationship:

NB = M(1−R)

(vii) The strike price K∗ is:

K∗ = S0 exp

[

σ
√
TΦ−1

[

UFce
rT

M(1−R)

]

+ (r − d− 0.5σ2)T

]

(4)

where Φ−1 designates the inverse function of the cumulative distribution of the standardized gaus-
sian distribution (mean=0; standard deviation=1)

Proof

Because we are ”far” from bankruptcy (S0 >> K) we can consider that the difference in value
between the binary American and the binary European option is insignificant. In any case, because
the value of the American Put is in general more than the value of a European Put, using the
European Put value as a proxy will lead to a lower bound of the credit protection.

n designates the number of options. The self financing condition imposes that:

nP (K,B) = UFc

whereas the static hedging at bankruptcy leads to:

nB = M(1−R)

From Black-Scholes, Black and Scholes (1973) we know that the value of the Binary European put
paying B and whose strike is K is

P (K,B) = exp−rT BN(−d2)

with the usual notations such that :

d2 =
log S0

K
+ (r − d− 0.5σ2)T

σ
√
T
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Combining the self-financing and hedging conditions, we eliminate n, apply the inverse function of
the cumulative distribution and find that:

K∗ = S0 exp

[

σ
√
TΦ−1

[

UFce
rT

M(1−R)

]

+ (r − d− 0.5σ2)T

]

which is the expected result.

2.2 Static Hedging of a CDS with Put Equity Options: Theoretical Impact of

the FTT

Once the hedge of the CDS with the binary put equity option is executed, the combined position
consisting of selling protection on the CDS and buying the binary put, can be viewed as a contingent
instrument, whose value is zero in case of bankruptcy, if we assume that the equity share price
will be close to nil in that case. In other words, the purchase of the Put and the payment of
the corresponding premium offsets the obligation to pay the portion of the debt in excess of the
recoverable amount on the assets.

According to the pricing of CDS, the net Present Value of the premium paid must be equal to the
contingent payment in case of bankruptcy.

This writes:
UFc(σ

′) + P (K,B, σ′) = 0 (5)

and

UFc(σ) + P (K,B, σ) = 0 (6)

This leads to:
UFc(σ

′)− UFc(σ) = −P (K,B, σ′) + P (K,B, σ) = 0 (7)

We have then the following proposition

Proposition 2:

(i) Assuming that am agent sells credit protection on corporate debt for a notional amount M , and
a recovery rate R hedges its risk by buying n units of a Binary American Put P (K,B) paying a
fixed amount B and whose strike is K.

such that:
nP (K,B) = UFc

nB = M(1−R)

K∗ = S0 exp

[

σ
√
TΦ−1

[

UFce
rT

M(1−R)

]

+ (r − d− 0.5σ2)T

]

Then the CDS spread variation ∆S corresponding to an increase in the equity share price volatility
σ can be approximated by ∆S∗ which is solution of the following equation:

1

2

∂2U

∂S2
(∆S)2 +

∂U

∂S
∆S = −1

2

∂2P

∂σ2
(∆σ)2 − ∂P

∂σ
∆σ (8)
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Proof:

The proof comes directly from equation (4) and a second order development of both ∆U and ∆P .

In equation (6), all terms but ∆S are known as they measure the sensitivities of respectively
the CDS and the Option towards the credit spread and the volatility. Consequently, ∆S can be
computed.

2.3 Numerical illustration of the FTT Impact when CDS is hedged with a Put

The following example illustrates the possible hedging of a CDS position by a put written directly
on the stock. This is because, in case of a corporate default, the value of the stock will decrease
sharply and tend to zero. Shareholders will only get the residual value remaining, if any, after all
creditors have been paid.

Assumptions and Initial Hedge

1. We consider AXA (Ticker CS. FP) a world known insurance company listed on the Paris
Stock Exchange market

2. On the 30/09/2016, the CDS-spread for a 5-year protection under standard default conditions,
is 74.75 basis points per annum, for a 10 MM Euro notional amount.

3. The sensitivity of the CDS value toward a 1 basis point variation is 4, 915 Euro. Upfront cost
for the CDS is 318, 700 Euros assumed to be mid-value.

4. Risk free yield rate is 0.5 percent.

5. The stock spot price S0 is 22 Euros constant dividend yield is assumed to be 6.5 percent

6. A possible hedging consists of an American binary put option whose strike K is 4.0010276
Euros (rounded to 4 Euros) and whose cash pay-out is 4 Euros. In order to cover the part of
the debt which is not recoverable in the case of the bankruptcy to 6 MM Euros (computed
as (1− 0.4) ∗ 10 MM), we need 6, 000, 000/4 = 1, 500, 000 binary put options.

As we consider to be reasonably far from bankruptcy, we assume that at most, the premium
of the American option is going to be no more than the premium of the European put option
which is considered then as an acceptable hedge. The European put option premium is 0.2125
Euros, for a volatility of 32.03 percent. The cost of buying those put options is then 318,700
Euros to be compared to the upfront CDS value of Euros 318,700 Euros.

Impact of the FTT

1. We then consider the increase in volatility that the market-maker will have to consider if he
applies a 2 percent ∆s hedging rule.

2. The volatility level is bumped to 37.984 percent. he put premium amounts to 0.42737197 and
the total cost of hedging is now 641,058 Euros hence an increase of 322,358 Euros.

3. Applying the sensitivity of the CDS toward a 1 basis point variation of 4,915 Euros, and
ignoring the second order (convexity) effects, we find this is consistent with an increase of
65.58 basis points per annum of the credit spread.
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Remark:

Such calculation constitutes a ”proxy” and a lower bound of the total impact of the FTT on the 5
years Credit Spread. This is because we have considered that the value of the American put was
equal to the value of the European put, whereas generally European put options are cheaper than
American ones.

However, such calculation of the volatility level allowing the arbitrage between the CDS and the
put is still possible, for example using Monte-Carlo simulation. Such approach allow the possibility
of factoring in a non constant volatility. Though this is possible, we will then jump, for simplicity
reasons, to ”Off the Shelf” calculation models which are widely used by market practitioners.

3 Capital Structure Arbitrage Using Structural Models

Structural models of the Corporate firm have been pioneered by Modigliani and Miller (1958)
and later, by Merton. Following the latter, such models derive the probability of default of the
corporation from the level of assets relatively to the existing debt. They take into account the
asset volatility which commands directly the probability of default. Using then assumptions on the
recovery rate of the debt, it is then possible to derive the credit spread on the debt issued by the
corporation.

Capital Markets are using extensively using such approach to conduct capital structure arbitrage
between various financing instruments issued by the same corporate firm, such as equity and corpo-
rate bonds. An illustration of such arbitrage, is the convertible arbitrage, which takes advantage of
the differences between the convertible bond price, (in which a call option for the issuer is embedded
into the bond) and the equity,

Following the introduction of the Black-Scholes Option framework, Merton has introduced a quan-
titative model of the firm linking Credit Default, and Equity Derivatives. This framework has been
completed later by Black and Cox and has known several adaptions.

3.1 Merton’s Original Structural Model

3.1.1 Theory

Merton Model Assumptions

a. The firm’s asset value follows a geometric brownian motion process with drift.

dAt = µAtdt+ σAtdWt A0 > 0

where µ is the mean return of the assets and σ is the asset volatility.

b. We assume there is no bankruptcy charges. We introduce a modification on the original work of
Merton by supposing the existence of friction costs such as transaction costs and the introduction of
the FTT. According to chapter I, this can be taken into account by considering a modified volatility
σa, computed for instance by applying Boyle and Vorst formula, in the case we consider a constant
volatility or by Monte-Carlo simulation, as described in chapter I.
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c. Corporate firms whose shares are listed on main stock exchanges usually issue bonds with fixed
maturity or shares in order to raise capital from the market. We consider the debt consist of a
representative zero coupon bond with a face value D and maturity T . At bond maturity, if AT > D
then the debt is repaid using the assets, otherwise in case AT < D bond holders exercise a debt
covenant allowing them the right to liquidate the firm.

In this case of a bankruptcy, shareholders, can ”walk away” from their debt by abandoning the
assets to the bond holders (creditors).

Merton Model Results

a. Shareholders They are detaining in fact a call option on the assets whose strike price is
exactly the facial amount of the Debt D

This is explained, because of the debt covenant agreed upon at the time when the debt is issued.
According to this covenant, in case of a bankruptcy, shareholders, can ”walk away” from their debt
by abandoning the assets to the creditors. This possibility is equivalent in fact to being long of a
put option on the corporate assets whose strike price is the facial debt value. Shareholders are then
long of a put option written on the corporate firm assets and are owning the assets. According to
the call-put parity relationship, this is equivalent to be long of a call on the assets whose strike
price is the face value of the corporate debt.

b. Bond holders

Conversely, corporate creditors are short of the put option on the assets described above, and are
detaining a zero coupon bond. Consequently, for an amount of 1 dollar notional debt, the value of
the debt D(t, T ) at time t, writes:

D(t) = Ate
−d(T−t)N(−d1∗) +De−r(T−t)N(d2∗) (9)

with

d1∗ =
ln(At

D
) + (r − d+ 0.5σ2)(T − t)

σ
√
T − t

d2∗ = d1∗ − σ
√
T − t

Merton considers that the spread of the corporate bond is such that it will pay for the premium
of the put option sold to the shareholder. However, such interpretation considers only the amount
of debt which is recoverable on the assets and not the unrecoverable amount of debt in excess of
the assets at bankruptcy. For this reason, the credit spread computed using Merton’s framework,
is not directly comparable to the spread of a CDS. This later one, considers in fact the amount of
debt in excess of the assets (i.e in that case, (1 − R)D), in such a way that a bond holder buying
protection will be made whole in case of bankruptcy by redeeming the bond to the agent selling
credit protection. In usual cases where R is generally comprised between 0.25 and 0.40 this leads to
underestimate the impact on the credit spread of an increase in the asset volatility. This difference
is the reason for the abundance, in the literature, of the discussion around the ”credit spread
puzzle” which designates the discrepancy between the calibrated spreads using Merton model and
the CDS spreads observed in the market.

The Merton framework, considers the notion of the spread of a zero coupon bond over a risk free
bond. This spread is designated as the Z-spread and is different from the notion of CDS spread
we saw before. This Z-spread is the difference between the respective yield to maturity of the zero
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coupon corporate bond and the zero coupon risk free bond. According to Merton, (and with all
the caveats discussed above) it is then given by:

D(t) = De−ρ(T−t)

and
s∗ = ρ− r

.

s∗t (T ) =
1

T − t
ln

[

Ate
−d(T−t)N(−d1∗) +De−r(T−t)N(d2∗)

]

(10)

Remarks: In addition to the remark formulated above, Merton assumptions do not consider
the possibility of an intermediate bankruptcy due to a shortfall in the assets, and occurring before
bond debt maturity. This is an additional reason explaining why that the application of the Merton
model will underestimate the impact of the FTT on credit spreads, because it omits an important
case of possible bankruptcy.

3.1.2 Numerical Application: Merton Model Calibration and First estimation of the

FTT impact on Credit Spreads

Using the equation above, we can conduct a calibration of the Merton model on Z- spreads and
then derive the implied volatility of the assets which is consistent with Z-spread market values.

Applying chapter I, we can compute the impact on share price volatility of the introduction of
the FTT. The difficulty lies into the fact that the asset volatility is not directly observable on the
markets. One can see directly that the following relationship holds:

A−A1

A1
=

S − S1

S1

S1

A1

which writes:

∆A

A
=

S1

A1

∆S

S

Because At = St +Dt at any time t we then derive a ”proxy” relation between asset volatility and
stock volatility.

σ = S∗
S∗+D

σS where S∗ is the average stock price to be retained which is also to be computed by
calibration. This means that there is for any value of σ a constant λ;λ < 1 such that σ = λσS .
Consequently, we can apply the Boyle and Vorst rules to accommodate for transaction costs directly
on the asset volatility obtained by calibration in order to get the new spread. The calculation
displayed in the following table do consider the Merton’s formula for the Z-Spread.

Numerical results

Comments:

For the reason stated above, we consider that this calibration is going to underestimate the real
impact of the FTT. Conversely, such Merton based calibration will give us a lower conservative
bound of the overall effect of the FTT, we want to estimate.
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Table 1: FTT Impact on the Z-spreads for a sample of Three European Corporate

Firms Using the Calibrated Merton Model

Issuer 5Y-Spread σA Modified σA 5Y-∆ 10Y-∆ 15Y-∆ 20Y-∆

Alsthom 82.3 0.3603 0.4273 51.3 48.5 45.0 43.3

Arcelor-Mittal 364.93 0.4044 0.4785 81.8 63.9 57.0 53.0

Michelin 47.1 0.35 0.4063 34.0 37.8 36.5 34.9

Using this remark, one can see directly, that for those three corporations, the impact on the cost
of capital is already between 4 and 7 times the impact computed by Lendvai et al. (2012).

3.2 Black and Cox Structural Model and Further Extensions: The CreditGrades R©

Model

Further developments of this structural model were introduced by Black and Cox (1976), developed
later by Leland (1994), then by Vasicek and Vasicek) (2012). According to these authors, an
additional event of corporate default can be considered when the asset value of a firm crosses a
predetermined threshold (”default barrier”).This concept is largely used nowadays in the credit
markets. For instance, some instruments such as collateralized debt obligations (CDOs) retain a
notion of default for any given corporate risk, which is defined in terms of the corporate equity
share value dropping below a predetermined threshold.

3.2.1 Black and Cox Structural Model

We still assume the fact that the value of assets follows a stochastic diffusion process:

dAt = µ dt+ σdWt

Also, it is considered that the corporate debt is itself a zero-coupon based. We designate by K the
face value of debt at maturity T. As per the Merton model, the Black-Cox model assumes that the
default can occur at the maturity date of the debt, if the level of asset is insufficient to pay-off the
debt. In addition, it considers that corporate default can be triggered, before the bond maturity,
in case the value of assets falls below a predetermined level.

We consider a time dependant barrier such that

Kt = K0e
kt

with K0 ≤ Ke−kT . The default time is given by;

τ = inf [t > 0;At < Kt]

Consequently, the occurence of a corporate default can be directly related to the path followed
by the corporate assets value. Then the default time is in fact given by the first passage time
distribution of a Brownian motion process with drift.
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a. Probability of default:

One can see directly that:

At < Kt

is equivalent to:

Wt + tσ−1(r − 0.5σ2 − k) < σ−1 ln

[

K0

A0

]

The risk neutral probability Q of having a default occurring before t with t < T is the probability
for the asset value At of getting lower or equal to the barrier Kt:

Q[0 ≤ τ < t] = Q[min
s≤t

Xt < d]

with Xt = Wt +mt; m = σ−1(r − 0.5σ2 − k); d = σ−1 ln
[

K0

A0

]

.

The formula can be expressed as:

Q[min
s≤t

Xt < d] = 1− FP (−d,−m, t)

with

FP (d,m, t) = N

[

d−mt√
t

]

− e2mdN

[

−d−mt√
t

]

b. Shareholder’s Value

Because shareholders get a payment at maturity only if there is no default in between and the
amount of asset is sufficient to pay-off the debt, the payout at maturity is similar to the pay-off of
a Down and Out call option on the capitalized initial asset price whose strike price is K. The value
of the share can be then derived by using the well know calculation closed formula for such barrier
option derived from Black and Scholes.

We designate the characteristic function which is is equal to 1 whenever there is no time value
such that the barrier is touched before maturity (respectively zero whenever the barrier is touched
before maturity) by:

1[min
s≤T

Xs > d]

The value of the share then writes:

max[AT −K, 0]1[min
s≤T

Xs > d] (11)

It can also be expressed as:

max
[

A0e
kT eσXT −K, 0

]

1[min
s≤T

Xs > d] (12)
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c. Bond value

In case of default, the pay-off for bond holders is exactly Aτ = D(τ). Given the probability of
default, this information allows to compute the CDS spread value insuring bond holders against
the risk of corporate default. Alternatively to this ”Credit derivatives” based bond calculation, one
can compute the value of the bond debt at any time by considering that the bond value will be the
sum of:

- A recovery value in case of default RV

- A contingent pay-off at maturity CP

This writes:

RV =

∫ T

t

er(t−s)K(s)
∂FP (−dt,−m, s− t)

∂s
ds (13)

with dt = σ−1 ln
[

K(t)
At

]

CP = EQ
[

e−r(T−t)[AT −max(AT −K, 0)]1(τ>T )

]

(14)

This last term appears as the difference of two barrier call options, of which one has a zero strike.

3.2.2 CreditGrades R© Model Theory

J.P Morgan began to implement in 2002 a service called CreditGrades R© (Finkelstein et al., 2002)
and began using this approach, using a structural model of the corporation. As in the Black-cox
model, Credit grades retains a corporate default, which occurs ever time the value of the assets
is below a certain threshold. However, the credit grade models does not consider that the debt is
compared at maturity to the level of assets. Consequently, the CreditGrades R© model considers
that the pay-off for the share holder is similar to holding the assets, paying the debt charges which
include the premiums of the CDS built in the corporate bond price and hold an exotic equity
derivative. This equity option is sold by the bond holders to the shareholders.

This model appears as the closest to the existing market practice of hedging a CDS with a Put
Option, as discussed in paragraph 2.2. Unlike the arbitrage discussed in 2.2 the model captures
the ”american feature” of having a corporate default as soon as the corporate asset value crosses a
given level determined in reference to the level of facial debt.

Credit grades model uses abundantly former results established by Lardy (2001), Musiela and
Rutkowski (1998), which detail the price of the CDS spread insuring the default of the firm defined
as above. In a nutshell, this tool deducts corporate credit spreads for CDS for both the company’s
asset volatility and leverage. Model assumptions below are quite standard1 . We use below the
notation of the CreditGrades R© technical document.

1See Finkelstein et al. (2002).
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a The corporate asset value Vt evolves as a geometric Brownian motion process

dVt

Vt
= σdWt

b Wt is a standard Brownian motion process, and σ is the asset volatility

c The recovery rate L follows a log-normal distribution with mean L̄ and standard deviation λ.
Corporate debt per share is D. Default does not occur as long as Vt > LD

d Assumptions (b) and (c) imply that default does not occur as long as at t

V0e
σWt−

σ2t
2 ≥ L̄DeλZ−λ2

2 (15)

where Z is a standard normal distribution.

Because of the above equation, assessing the probability of a corporate default comes to evaluate
the first hitting time of the Brownian motion process followed by the corporate assets value. By
using this distribution it is possible to derive the survival probability of a corporation as in Musiela
and Rutkowski (1998) and then compute the implied par spread value of the corresponding CDS as
described in Rubinstein and Reiner (1991). The CreditGrades model uses those results by linking
the Credit swap spread insuring against corporate default and the corporate asset volatility.

The formulation of the credit spread, s∗ is found in the work of Rubinstein and Reiner as well as
in the technical documentation on CreditGrades R©.

c∗ = r(1−R)
1− P (0) + (G(t+ ξ)−G(ξ))erξ

P (0)− P (t)e−rt − erξ(G(t+ ξ)−G(ξ))
(16)

where

ξ =
λ2

σ2

d =
V0e

λ2

L̄D

P (t) designates the survival probability at time t and Le designate the expectation of the random
variable L.

G(u) = dz+
1

2N

[

− ln(d)

σ
√
u
− zσ

√

(u)

]

+ d−z+ 1

2N

[

− ln(d)

σ
√
u
+ zσ

√
u

]

(17)

with

z =

√

1

4
+

2r

σ2

Remark: The formulation retains an origin of time which is −λ2

σ2 . This explains why in the spread
calculation above, we have to consider a possible value of P (0) different from 1.

Corporate asset volatility is not directly observable in the market. Therefore one must perform
a necessary calibration, for example, to equity volatility. For a given corporate balance sheet
structure, it is possible to derive from boundary conditions fulfilled by both equity and asset
volatilities, a useful relationship between these two variables. This has been done by various
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authors such as KMVVasicek and Vasicek) (2012) or JP.MorganFinkelstein et al. (2002). It can
be shown (Finkelstein et al. (2002)), that the relationship between asset volatility σ and equity
volatility σS is as follows:

σ =
σS

S + L̄D
(18)

3.3 Generic Impact of the FTT on CDS Spreads Depending Upon Leverage:

Comparative Statics

We consider a ”generic” corporation whose equity implied yearly volatility is 35 percent. We assess
first the impact of the FTT on this volatility using our Boyle and Vorst framework. We apply the
volatility level ”bump” on the sell side of options, having in mind that the agents selling credit
default protection will hedge their positions by buying equity put options to market makers. We
then derive, using CreditGrades R© , the subsequent generic impact on the Credit Default Swap
spread. Depending upon the corporation’s balance sheet structure, this volatility level leads to
various credit spreads.

As discussed before, in case there are no existing market-makers, the economic agents will try to
recreate a put by replicating a portfolio consisting of shares and cash. In that case, they will incur
the same cascading cost effects linked to the FTT. The results are set forth in table 3 below.

Table 2: FTT impact on Corporate Debt cost in basis points per annum for Various

Balance Sheet Structures, CDS Recovery Rate:0.4; Global Recovery rate: 0.5

TenorxDebt/Share 0.5 1 2 3 4 5 10

5Y 40 53.7 58.2 54 50.4 46.2 33.1

10Y 50.9 57.7 57.1 53.1 58.8 54.9 32.8

15Y 54.1 57.5 55.4 51.3 57.3 53.8 32.5

20Y 54.6 56.4 55.4 49.8 46.1 42.8 32.3

3.4 Quantitative Impact of the FTT on CDS Spreads by Credit Model Cali-

bration

We consider now a set of 6 corporations listed on European stock exchanges (Axa, Michelin, Arcelor
Mittal, Alsthom, Commerzbank, Unicredit). Those companies are financial or industrial compa-
nies that have both an active credit default swap market and a liquid equity option market, till
a maturity of three years. We observe the CDS spreads level for the 5-year tenor. Using the
CreditGrades R© model and a standard assumption on the recovery rate characteristics (average 0.5
and standard deviation 0.50), we derive the implied equity volatility which is consistent with the
5-year CDS spread levels. This gives us a starting point in terms of credit spreads.

Assuming that the equity option market for 5 to 20 years is illiquid, we apply our results about
the FTT impact for non liquid option markets. We compute a theoretical impact on the ”asked
price” of implied volatility quoted by option market-makers, for selling put equity options. We
then assume a flat volatility forward curve for 5-years and beyond.
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This effect is computed assuming a 2 percent based Deltas rule. We use a favorable assumption
on the repurchase agreement taxation which is that every operation would be taxed at 0.2 percent,
even if the operation is rolled over on several days. Should this assumption fail, and for instance
the repo operations be taxed every time they are rolled overnight, we would have to consider that
Replication portfolio should be funded at an unsecured deposit rate which is generally higher. This
would increase the impact of the FTT on volatility.

We do not consider any impact of stochastic volatility because of the difficulty of calibration of any
stochastic volatility model, in the absence of available quotes on the option markets for the 5-years
maturity.

Even in the case, where no option market-maker would willing to quote on that market, the
calculation stays the same, as it is still possible to reproduce a put option using a replication
portfolio consisting of selling shares, self-financed by the upfront value of the CDS.

For the two reasons mentioned above our calculation represents a minimum of the possible impact
on quoted volatility and therefore on credit spreads.

We find (cf Table 4 below) that the FTT triggers a substantial increase in the cost of funding
for these corporations. For the three financial institutions (Axa,Commerzbank, UniCredit) the
impact seems to be much lower than for the three industrial companies (Alsthom, Arcelor-Mittal,
Michelin). For the three financial institutions, the impact ranges between 27 and 47 basis points
per annum, which represents between 20 and 50 percent of relative increase of the credit spread.

For the three industrial companies, the increase in the credit spreads ranges from 56 to 174 basis
points, and for Michelin and Alsthom is consistent with a doubling of the credit spread at 5 years.

The results compare to the analysis performed by DGLendvai et al. (2012). This study uses a general
equilibrium model and concludes that the introduction of the FTT would lead to an increase of 9
basis points per annum of the cost of capital for European corporations.

By contrast, we find an impact that is between 5 and 20 times more, and which depends upon the
balance sheet of the corporation considered, as well as the implied volatility of its equity shares
(recall that our calculation is based upon a lenient assumption on the final decision about the
taxation of stock lending and borrowing).

Because of the connection between CDS and corporate bond markets through ”basis arbitrage” ,
this increase is likely to propagate to the bond market.

Table 3: FTT Impact on the CDS spreads for a sample of six European Corporate

Firms

Issuer 5Y-Spread σ Modified σ 5Y-∆ 10Y-∆ 15Y-∆ 20Y-∆

Alsthom 82.3 0.4058 0.4801 55.83 66.05 65.05 63.45

Arcelor-Mittal 364.93 0.5502 0.6513 173.16 156.37 145.48 139.22

Axa 73.62 0.28 0.3313 37.46 44.75 49.70 44.97

Commerzbank 130.47 0.2 0.2366 26.39 27.42 27.24 26.61

Michelin 47.01 0.41 0.4851 55.69 79.62 81.84 79.96

UniCredit 188.9 0.228 0.2698 46.44 43.52 40.02 37.02
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3.5 The Consequences on The Secondary Cash Corporate Bond Markets

The increase in the Credit Default Swap Spread generated by the increase in volatility as well as
the increase in the corporate bond basis will translate directly into a decrease in the corporate bond
prices due to the sensitivity of the bond price toward the Bond interest rate.

Table 4 evidences the bond price impact on the secondary bond market for the sample of - corporate
companies considered before, for various bond maturities. One can note a wide range of price
impact, which ranges from 3 percent to 80 percent, depending upon the corporate company initial
rating, its balance sheet structure and the bond’s maturity.

Table 4: Corporate Bond Relative Value Variation in Percentage of Market prices for

a sample of six European Corporate Firms Depending Upon Bond Maturity

Issuer 5Y-Impact 10Y-Impact 15Y-Impact 20Y-Impact

Alsthom -3.99 -8.3 -12.38 -16.98

Arcelor-Mittal -11.82 -26.55 -45.34 -81.46

Axa -3.72 -5.72 -8.84 -10.47

Commerzbank -2.23 -4.76 -9.66 -11.81

Michelin -3.70 -9.12 -13.5 -17.06

UniCredit -3.41 -6.14 -8.76 -11.38

4 Conclusion

In part I, we have reviewed the interconnection between bond, credit and equity derivatives mar-
kets through simple arbitrages aimed to take advantage of the differences between those financial
instruments, or for hedging purposes. As an illustration, of the fact that more and more Credit
Default Swap (CDS) market-makers rely on equity put options for hedging, we reviewed the specific
case of AXA a well known financial institution and derived the rule of hedging for CDS.

In part II, we have considered structural models of the corporate firm, which give a theoretical
framework for capital structure arbitrage (CSE) between the various funding instruments issued
by the same corporate firm. Such arbitrage dates back to Modigliani-Miller proposition, whose
corollary is that all debt related instruments issued by a corporate firm can be arbitrated one
against another.

We have first considered voluntarily a stripped version based on Merton model that we calibrated
using the CDS market as of 30/09/2016. We derived a maximum theoretical impact, which establish
a lower bound fro the FTT impact, given the limitation of the Merton model. We found, that even
using such model, the theoretical impact of the FTT could be a multiple of what is currently
assessed by the EEC.

Second, we focused on Credit Grades which is an ”Off-the-Shelf” arbitrage model derived from
the Black-Cox framework and which links equity derivatives volatility and credit spreads. This
model is abundantly used in today’s markets and is based, too, on capital structure arbitrage.
We have then used the fact, that the equity put option market for long dated maturities is quite
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illiquid. According to part I, the introduction of the FTT in such markets should have a maximum
increasing effect on the implied volatility, for option buyers.

Using then the Credit Grades model, we derive the theoretical impact of the FTT introduction
on Credit Default Swaps (CDS) spreads depending upon balance sheet term structure and implied
volatility. We find a significant effect of the FTT on the CDS spreads.

Going further, we sample a group of six corporate companies and snap the corresponding CDS
spreads on the Credit Default Swap markets as of 30/09/2016. For each company, using their
balance sheet structure, we derive a theoretical ATM volatility consistent with those CDS spreads.
We then apply a systematic shock on the implied volatility using Boyle and Vorst calculation and
the FTT rates as they stand in the EEC project (Lendvai et al., 2012).

We finally derive the effect on the CDS spreads using again Credit Grades Model. As explained,
in section 2.3, we find in one case, that the effect of the introduction of the FTT could be about
20 times the impact as it has been computed by the EEC.

Finally, using both the impact on the arbitrage between CDS and bonds and CDS and equity
derivatives, we have derived the final impact of the FTT on the corporate bond market. As
evidenced before, this impact is balance sheet dependent. We found that the potential impact on
the corporate bond market can be very significant, especially for corporate firms with an unfavorable
balance sheet structure. This potential impact might conduct to a very sharp decrease of the prices
recorded on the corporate bond markets, leading in some cases to financial turmoil.

From an economic policy standpoint, results evidence that the FTT effect will bear heavily on the
high yield corporate bond market. The magnitude particularly heavy for industrial firms, suggests
that even if the FTT is introduced in all the EEC and targets financial institutions, its effects go
well beyond the EEC borders. For instance, considering the case of ”Arcelor Mittal” corporation,
a well known steel mill, the potential drop in its bond price would literally impeach this company
to find competitive financing, and could even drive this company into default. This would create a
strong distortion in competitiveness as the company’s main competitors are outside the EEC.
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Abstract

We consider the EU project of implementing an FTT for all securities transactions. We
study its short and long term impact on the expected theoretical values of corporate equity
and debt, as well as corporate firm’s value, under a risk neutral assumption. The risk neutral
measure is the one induced by the stochastic diffusion process followed by the corporate asset
value.

We use the results of chapter I and II stating that the introduction of the FTT will raise
both corporate asset volatility and credit spreads. Using corporate structure models, we find
that it will lead to a decrease in both corporate debt and firm valuations. As a consequence,
the value of preferred shares, subordinated notes and quasi-equity which all can be likened to
perpetual debt will be negatively affected by the introduction of the FTT. We then focus on
the impact of the FTT on the theoretical equity share price.

First, we review the case of corporations funded exclusively through equity, quasi-equity,
preferred shares and perpetual debt. For such firms, we find that the immediate short term
effect consists in an increase of the equity share price, whereas the prices of preferred shares
and quasi-equity should drop, as well as the overall firm’s value. In the same time, corporations
which are ”perpetual debt free” and are issuing new perpetual debt, would record a drop in the
theoretical prices of equity, quasi-equity as well as preferred shares and firm’s value.

Second, we review the case of corporations funded through intermediate fixed term debt.
This is the most common way for european corporations to raise debt. In general, we find an
immediate price decrease in the equity share price, for intermediate debt maturities (up to 20
years). In this particular case, we find that corporations aiming to keep a constant ratio between
the respective values of debt and assets, will record a significant decrease in their debt price.
For corporations aiming to keep an optimal capital structure maximizing the corporation value,
we find that the drop in equity price is generally greater, while the decrease in the debt price is
less important than for fixed capital structure.

The only notable exception for this decrease in equity prices occurs for highly leveraged
corporations, with important credit spreads, which are close to bankruptcy and are issuing
”junk-bonds”. In this case, we encounter an ”agency effect”, where the increase in the riskiness
of the asset is beneficial for shareholders. Consequently, we find that the introduction of the FTT
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would create an adverse selection bias, favouring highly leveraged and credit risky corporations
issuing junk bonds.

In the long run, we find, that the reaction of corporations to the introduction of the FTT,
would favor a drop in the equity share price. In general corporations looking for an optimal
capital structure, maximizing the firm’s value, would tend to react by issuing more shares, and
deleveraging their balance sheet by substituting equity to debt. This should lead to a negative
impact on the equity price through equity dilution. Furthermore, the drop in equity price
should increase the volumes issued on the primary markets, every time the corporation choose
to issue new equity instead of debt. In the long run, corporate firms raising capital on the
primary market will have no other choice than to issue more equity shares available for trading
on financial exchanges to raise the same amount of capital. This will, in turn, increase the
volumes of shares available for trading. Those findings are different from the literature which
generally considers a negative impact on volumes traded by a classical effect of transaction cost
increase. This difference is due to the fact that our approaches considers, through structural
models, the fact that securities are instruments used for funding corporations, and that their
supply is affected by the tax.

We then calibrate both models of perpetual and fixed term debt on a sample of 6 European
corporations, funded either through intermediate or perpetual debt. We find a significant neg-
ative impact on the theoretical equity share price, as well as a substantial increasing effect on
the corporate credit spread.

We find that the impact of the FTT on equity price is itself affected by the level of cor-
porate tax. The drop in theoretical equity prices is stronger for higher risk-free rate levels. A
higher corporate tax rate entails a slightly higher price decrease for low leveraged corporations.
Conversely, highly leveraged coprorations domiciled in countries with low income tax rate, will
record a more significant decrease than the ones located in countries having higher tax rates.
Therefore, in order to avoid a competitive distortion, national corporate tax rates would have
to be equalized throughout the EU prior to the introduction of the FTT.

Our results which are established on the use of theoretical models appear in line with the
results from the existing literature, based on empirical reviews of the stock market prices,
following the introduction of a STET in Sweden or the United Kingdom. The magnitude of the
depressing effects on the equity share prices are comparable, though the specifics of the FTT in
the European project are different from the respective specifics of the STET introduced in both
countries.

In addition, we find that the introduction of the FTT conflicts with the goal of the new
CRD IV (Basel III) regulation. This regulation requires a minimum capital structure, where
the equity and quasi-equity must represent a portion of the asset value greater than a given
threshold prescribed by the regulation. This requirement corresponds exactly to our framework
consisting of a fixed capital structure. In order to fulfil capital requirements imposed by CRD
IV, banks have engineered new types of securities, such as fixed term or perpetual debt, which
are convertible in equity, should the equity value fall under a predetermined threshold. We find
that the valuation of those securities, can be addressed with our valuation models. We find that
the introduction of the FTT, would increase the volatility of shares and lower the value of those
instruments having in fact a complete antagonistic effect to the new regulation.

Keywords: Tax reform, options, volatility, liquidity, credit spread
JEL Classifications: G02,G11,G12,H22,H39
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Introduction

We consider here the impact of the European Financial Transaction Tax (FTT) on the theoretical
prices of corporate equity and quasi-equity. The FTT is in fact a standard turnover excise tax
(STET) that would apply certain rates to the notional value of all transactions related to securities
and derivatives taking place in the European Union (EU) or performed by financial institutions
domiciled in the EU.

The relatively large number of empirical contributions analysing the effect of a Standard Turnover
Excise Tax (STET) on asset prices has focused mainly on the corporate stock market. The existing
literature relies on theoretical general equilibrium models, simulations and empirical analyses to as-
sess the impact of STETs on the level and volatility of asset prices, capital costs and real investment.
Focused on the experience of countries such as the United States (Amihud and Mendelson (1991),
Hakkio et al. (1994), Matheson (2011), among others), United Kingdom (Saporta and Kan (1997),
Hawkins and McCrae (2002), Oxera (2007)), or Sweden (Umlauf (1993), Westerholm (2003)), it
concludes that financial transaction taxes would be associated with a decrease in the price of assets,
mainly corporate equity shares, and an increase in the cost of capital.

We follow the path we already took in chapter II, which considers that capital structure arbitrage
may occur between the various instruments used by the same corporate firm for its funding. i.e.
either equity or debt. Our approach is new and is based on micro-economic characteristics at
the corporate level. We consider the possibility that the specifics of a given corporation directly
determine the impact of the FTT in terms of capital costs. Therefore we study a framework where
a uniform taxation disposition can induce heterogeneous responses at the micro-economic level.
There is good reason to review the potential effects of the FTT on capital structure arbitrage
between corporate debt and equity.

Modigliani and Miller (1958), postulate corporate indifference between issuing debt or equity, re-
quires the absence of tax and transaction costs. This is not the case where the FTT applies. Second,
the existing literature on structural models, such as Leland (1994a) and Leland and Toft (1996)
or Black and Cox (1976), suggests that these two asset classes fare differently in the presence of
taxation. A review of such models suggests that this is due to tax code provisions favoring financ-
ing through corporate debt, by way of a tax deduction for interest payments made to bondholders.
Third, the liquidity of both markets is asymmetric, the stock market being generally more liquid
than the corporate bond market. This suggests, in the vein of Chapter I, that the cascading effects
of the FTT are split among a greater number of players in the stock market than in the corporate
bond market.

There exists an abundant literature on structural models linking the default of corporate firms
to the behavior of their asset value.Those structural models can be classified according to the
maturity of the debt considered, as well as the manner in which the bankruptcy is triggered. First,
the bankruptcy is due to exogenous causes and is introduced through the existence of positive net
worth covenants attached to the debt. The bankruptcy may be triggered by bond holders as soon
as the level of the asset value falls below a predetermined threshold, set as a fixed fraction of the
face value of the debt issued by the firm. In the alternative, the bankruptcy may still be based on
the asset value falling below a certain threshold, but this threshold is determined endogenously by
the company in order to maximize its equity at bankruptcy time

Authors such as Black and Cox, generally assume that the bankruptcy is due to exogenous causes
through positive net worth covenants attached to the debt. Leland and Leland and Toft consider
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both of those possible bankruptcy triggers based on the corporate firm’s asset level. However, in
their discussion they mainly consider the endogenous determination of bankruptcy. They proceed
to compute the equity value by subtracting the corporate debt from the company value. The above
authors explore the possibility for the company to maximize its value by issuing an optimal amount
of debt. They prove that the corporate value is inversely related to the asset volatility, and that
in the case of an endogenous determination of bankruptcy, there is a natural limitation of the
corporate debt capacity when the asset volatility increases. The original work of Leland, assumes,
in the vein of Modigliani-Miller, that the debt is perpetual. Further works by Leland and Toft
(1996) explore the case where the firm is continuously issuing and reimbursing fixed maturity debt.
They find that, in the case of short to intermediate debt maturity, endogenous determination of
bankruptcy and capital structure close to the optimal value, any increase in the riskiness of assets
will lead to a decrease in equity value, except for very special situations where the corporate firm is
on the brink of bankruptcy. However, the work of Leland and Toft was completed at a time when
the credit derivatives market was not yet developed, and the main argument that the corporation
can choose both the level of coupon paid and the time of bankruptcy suggests that this entity
would act as a price maker on the credit derivatives market. This is not not generally the case,
and, nowadays the credit derivative prices are set up by demand and supply on the credit default
swap market.

We use two simple structural models inspired by Leland (Leland (1994b), and Leland and Toft
(1996)). However instead of considering as those authors, an endogenous determination of bankruptcy
by the firm itself, we are assuming an exogenous determination of corporate bankruptcy. The
bankruptcy is triggered as soon as the value of assets falls below a predetermined threshold set
up as a fixed proportion of the outstanding total debt. We assess the quantitative impact of the
FTT on the theoretical expectations of equity, quasi-equity, debt and company value, computed
under a risk-neutral assumption. The measure considered is the natural risk measure induced by
the stochastic diffusion process followed by the corporate assets value. We derive a formulation of a
stationary state of the corporate debt for a company funded through the issuance of both perpetual
debt and fixed term debt. As a general result we find that both firm’s valuation and corporate debt
values are negatively affected by the introduction of the FTT. We then focus on the possible FTT
impact on the theoretical equity share price.

First, we compute the effect of the FTT for a corporation funded solely through the issuance of
equity and perpetual debt. We find that in the short run the implementation of the FTT will
raise the theoretical equity share price for corporations which are already carrying an inventory
of perpetual debt on their balance sheet, whereas the prices of preferred shares and quasi-equity
should be lower. Conversely, the issuance of new perpetual debt after the introduction of the FTT
will tend to lower the equity share price.

Second we focus on companies funded through fixed term debt and find both immediate and long
term impacts. The long term impact is computed after the adjustment of the corporation to its
new target of principal amount of debt. This target is computed either through a fixed capital
structure or an optimal capital structure, aiming to maximize the corporation’s value.

For highly leveraged or very risky entities, paying high credit spreads the increase in the asset
volatility following the introduction of the FTT would increase, in fact, immediately, the equity
theoretical price, for all debt maturities. This effect, known as the ”agency” effect, was first
mentioned in the original work of Leland and Leland and Toft, in the particular case of endoge-
nous determination of bankruptcy. By contrast, in this work, we consider an exogenous cause of
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bankruptcy. Consequently, the introduction of the FTT would generate an adverse selection bias.

For companies funded through intermediate fixed term debt(5 to 20 years), and under current
market conditions, we compute the envelope of capital structure parameters such as leverage and
return on equity (ROE), leading to a decrease of the equity share prices, for several debt durations.

We find that for common values of ROE and leverage, the impact will be negative for both short
and long run. Using the models described above, we find, for companies funded through fixed term
debt, that corporate values and equity share prices will generally be lower for intermediate debt
maturity (5 to 20 years). For instance, we find that such is the case for most companies in the
French CAC 40 index.

We demonstrate that this negative impact on the above values will increase with both the company’s
leverage and the risk-free interest rate, for both fixed term and perpetual debt.

We find that the impact of the FTT will depend upon the combination of corporate tax rate and
leverage. Highly leveraged corporations located in countries with low corporate tax rates will record
a significantly more important equity price drop than corporations located in countries with higher
tax rates. At the same time, corporations with a low leverage and located in countries with high
tax rates will record a slightly more important drop in their equity price than the corporations with
the same leverage and located in countries with lower tax rates.

We derive that the introduction of the FTT is likely to lead to an increase in the volume of equity
shares issued by companies on the primary equity market. In the case of corporations aiming for
the maximization of the firm’s value, this increase will lead, in the long run, to a further decrease
of the equity share price through dilution. Consequently, we can project that in the long run, the
introduction of the FTT will lead to an increase in the volumes traded.

We then calibrate our model on a sample of 6 European companies and find that the introduction
of the FTT will lead to a significant decrease in theoretical corporate value and equity price, as
well as a substantial increase in corporate credit spreads for those entities.

Generally speaking we find that our results, based on theoretical corporate structure models, are
in line with empirical studies realized in the case of Sweden (Umlauf (1993), Westerholm (2003))
as well as for the United Kingdom (Saporta and Kan (1997),Hawkins and McCrae (2002)) and
which are based on historical cases of the introduction of a STET for those countries. Though the
specifics of the FTT European project are quite different, from the specifics of those two respective
STET, we find a significant negative impact and somehow, the magnitude seems to be comparable.

Applying these results to the particular case of banks and financial institutions, in the context of
the new CRD IV regulation, we find that the introduction of the FTT may conflict with the aims
of CRD IV, as it requires in fact more capital because of the subsequent drop in equity prices.

Our paper is organized as follows: Section 1 is devoted to devising a structural model describing the
valuation of equity and quasi-equity; Section 2 studies the impact of the FTT on the equity share
price for companies raising capital through equity, perpetual debt and fixed term debt; Section 3
estimates the possible impact of the introduction of the FTT on the theoretical prices of equity for
a sample of 6 European companies; Section 4 compares our finding to the results from the existing
literature and considers also the FTT impact in the particular case of the banking sector in the
CRD IV regulation context. Section 5 sets forth our conclusions.

115



1 Structural Models of the Corporate Firm Funded through the

Issuance of Quasi-Equity, Equity and Debt

1.1 Assumptions on the Default Determination and the Debt Recovery Rate

We will consider that the corporation’s bankruptcy is triggered when the asset value falls below
a predetermined threshold, K. At the difference of Leland and Toft, we will consider here an
exogenous determination of K where the level of K is computed directly by reference to the level of
outstanding debt. We will assume that K = LD where L designates the rate of recovery of the debt
on the assets. This situation corresponds, in the absence of a Credit Default Swap market, where
the credit risk can be insured, to the existence of Debt covenants allowing the creditors to trigger
themselves the corporate bankruptcy, when the level of assets falls behind a fixed predetermined
threshold.

In the presence of a Credit Default Swap market, the logic behind is that the coupons paid on
the debt, encompass the credit spread premiums of a Credit Default Swap, which covers the non
recoverable part of the debt. The recoverable part of the debt is paid directly on the assets. In
this framework, corporate firms can run with negative equity for a while, as long as they respect
the ”knock-out” barrier condition. Especially, they can further borrow or issue equity to fulfil their
debt obligations till their net asset value falls below the level covering the recoverable part of the
debt which is also the barrier level triggering the bankruptcy. At this point, they will not be able
to borrow more debt or issue more equity.

This condition is quite different from the condition set up by Leland and Toft. Those authors
determine a threshold K computed endogenously as a function of asset levels, volatility, risk free
rates and credit spreads, which maximizes the equity value for shareholders at bankruptcy time.
Thus, the shareholders can choose an optimal time to walk away with a positive equity left, once
the company is liquidated and the creditors are paid.

We will consider that in the case the corporate debt is perpetual, its level of seniority is unspecified,
provided that the debt issued has only one type of seniority (either junior or senior).

Finally, at the difference of the CreditGrades R© model used in chapter II, we will
assume that the recovery rate on the debt is constant and not anymore stochastic.
This assumption is explained by the fact that, at the time CreditGrades R© was released, the Credit
default swap (CDS) market was just at its beginning. At this time, it was not possible to issue
CDS with a fixed rate of recovery, and assuming a stochastic recovery rate was justified. However,
since then, the CDS market has matured, and especially, new instruments such as Recovery Rate
Swaps(RRS), allowing to exchange a fixed recovery rate against a variable one, are available on the
market. Therefore, it is possible to trade CDS with a fixed recovery rate (Digital Credit Default
Swaps or DCDS), by entering into a CDS with a variable rate of recovery and then locking the
recovery rate by trading at the same time a recovery rate swap.

1.2 A Structural Model when the Corporate Firm Issues Perpetual Debt

We consider a joint determination of both the corporate debt and corporate equity values, taking
into account the tax deductibility of corporate debt interest from the corporate taxable income.
We assume that the corporate firm will satisfy its capital funding needs by issuing equity as well
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as perpetual debt either senior or junior. In this latter case, we will consider that this kind of debt
can be deemed as quasi-equity.

We assume that the corporate asset value follows up the differential stochastic equation listed below:

dAt = (r − d)dt+ σAtdWt (1)

with A0 > 0

σ designates the asset volatility and Wt designates a standard Wiener process.

r is the risk-free interest rate and d is the continuous yield of the cash dividend paid by the corporate
assets.

We know from basic calculus that:

EQ(At) = A0 exp[(r − d)t]

where EQ designates the expectation taking the ”natural measure” generated by the process Wt.

We then consider a ”perpetual” debt D(A0, t), allowing a claim on the corporate assets that pays
continuously a coupon C(t), as long as the firm is not in default. We assume that the debt
reimbursement is subject either to the corporate bankruptcy or its dissolution. The coupon is
funded by issuing additional equity either on the market or by ”collecting” the corporate profit.

According to Black and Cox (1976), the value of a ”perpetual” debt D(A0, t), allowing a claim on
the corporate assets that pays continuously a coupon C(t), and does not pay a dividend as long as
the firm is not in default, must satisfies the following partial differential equation, pursuant to the
application of Ito’s lemma.

∀t > 0
1

2
σ2A2

0

∂2D(A0, t)

∂A2
0

+ rA0
∂D(A0, t)

∂A0
− rD(A0, t) +

∂D(A0, t)

∂t
+ C(t) = 0 (2)

According to Black and Cox, Equation (2) simplifies greatly if the debt does not depend upon time:

∀t > 0
∂D(A0, t)

∂t
= 0

as it is the case for instance for a perpetual debt paying a constant coupon C(t) = C, ∀t > 0.

In this latter case, Black and Cox evidence that equation (2) becomes an ordinary differential
equation:

∀t > 0

1

2
σ2A2

0

∂2D(A0, t)

∂A2
0

+ rA0
∂D(A0, t)

∂A0
− rD(A0, t) + C = 0 (3)

The general solution of equation (3) is:

D(A0) = X0 +X1A0 +X2A
−x
0 (4)
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where

x =
2r

σ2

and X0, X1, X2 values are determined by boundaries condition.

If we further assume that there is a cost, α for recovering the debt in case of bankruptcy and that
the asset value at bankruptcy time is fixed and amounts to K, we can then explicit the boundary
conditions and derive the values for X0, X1 and X2.

Finally, it can be found that:

D(A0) =
C

r

[

1− (
A0

K
)−x

]

+ (1− α)K

[

(
A0

K
)−x

]

(5)

The first term of the second member of this equation on the right represents the risk neutral
expectation of the coupon payment stream whereas the second term represents the expected value
of the debt in case of bankruptcy. Then we can focus on the total value of the firm that we note
V , and which is the sum of three terms:

• The firm’s asset value

• The future value of the deduction of coupon payments, in case the corporate firm earn enough
profit or return from the assets to at least offset the debt coupon payments.

• The negative value of bankruptcy costs

We note ρ the corporate tax rate. This writes:

V (A0) = A0 +
ρC

r

[

1− (
A0

K
)−x

]

− αK

[

(
A0

K
)−x

]

(6)

Finally, by subtracting the debt value to the corporate firm’s value we obtain the value of the equity
which writes as follows:

E(A0) = A0 − (1− ρ)
C

r
+

[

(1− ρ)
C

r
−K

] [

(
A0

K
)−x

]

(7)

From equation (5) above, we can derive the coupon yield c of the perpetual debt and the corre-
sponding credit spread s∗ over the risk free interest rate defined as:

s∗ = c− r

with

c =
C

C
r [1− (A0

K ]−x] + (1− α)K(A0

K )−x

(i) First Alternate Equivalent Formulation The formulation done by Black-Cox and used by
Leland and Toft uses a partial differential equation, and alternatively we can consider a valuation
of both corporate equity and debt using martingale and risk neutral considerations. We suppose
now the general case of a corporation whose assets are paying dividends as in equation (1).
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Equation (1) implies the following process for At.

At = exp[lnA0 + σWt + (r − d− 0.5σ2)t] (8)

The bankruptcy condition comes to find the first hitting time τK defined as the the first hitting
time where the process A(t) falls below the value K triggering the default:

τK = inf[t;A(t) < K]

If we designate by τb the ”stopping time” or first hitting time t of the Brownian motion W (t) with
drift a(t) = (r − d− 0.5σ2)t and standard deviation σ such that:

τb = inf[t;Wt + at < b]

We know from the general properties of the brownian motion process that;

EQ[exp(−ατb)] = exp[b(a+
√

a2 + 2α)] = L(α, b, a)

with L(α, b, a) being the Laplace transform Φτb(α)

We consider the particular case where α = r which comes to calculate:

EQ[exp(−rτb)]

which is the discount factor to apply at the time of default.

From equation (8) above, the bankruptcy condition can we written in terms of first hitting time:

τK = inf

[

t; exp[ln(A0) + σWt + (r − d− 0.5σ2)t] < K

]

becomes

τK = inf

[

t;Wt +
(r − d− 0.5σ2)t

σ
<

1

σ
ln(

K

A0
)

]

We recognise the first hitting time at:

b =
1

σ
ln(

K

A0
)

of the motion brownian process with drift coefficient a = (r−d−0.5σ2)
σ and b = 1

σ ln( K
A0

)

x is defined as:

x =
a+

√
a2 + 2r

σ
(9)

with a defined as:

a =
r − d− 0.5σ2

σ
(10)

In the case, there is no dividend payment (d = 0), we find that x reduces to x = 2r
σ2 .
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In order to be consistent with the existing literature, we will consider in fact that we have a drift
proportional to the volatility such that we consider a bankruptcy time

τb = inf[t;Wt + aσt ≤ b]

which leads without loss of generality to the new expressions

a =
r − d− 0.5σ2

σ2
(11)

and

x = a+

√
a2σ2 + 2r

σ
(12)

The expected value EQ[exp(−rτb)] writes:

(
A0

K
)−x

.

The value D0 of the corporate debt at time t = 0 is the sum of:

a) The expected ”recovery” debt value in case of bankruptcy occurring when Aτb ≤ K. This
expected recovery value is:

(1− α).EQ[exp(−rτb)]

b) The expected discounted cash-flow payments on the corporate debt, either till the credit default
event time or the par bond maturity, whatever comes first.

D0 = (1− α)K(
A0

K
)−x +

C

r

[

1− (
A0

K
)−x

]

(13)

The value of the firm is:

V0 = A0 + ρ
C

r

[

1− (
A0

K
)−x

]

− αK

[

(
A0

K
)−x

]

(14)

Consequently the value of the equity we find is:

E0 = A0 −K(
A0

K
)−x −

[

(1− ρ)
C

r

] [

1− (
A0

K
)−x

]

(15)

(ii) Second Alternate Formulation: Equity Value Seen as The Difference between Two
Derivatives Instruments

Observing the terms in equation (15), one can remark that the term

−K(
A0

K
)−x

designates in fact the risk neutral expectation of a ”One Touch” perpetual put option written on
the assets by the corporate shareholders in favor of the bondholders, and paying an amount K as
soon as the strike price K is touched.
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Furthermore, the term

A0 −K(
A0

K
)−x

is in fact the premium value of a perpetual ”Down and Out” American call option whose barrier
is K.

We can choose to write directly the expected value of the corporation’s equity as:

E0 = EQ

[
∫ τb

0
(δAt − (1− ρ)C)e−rtdt

]

(16)

This leads to:

A0 −K(
A0

K
)−x = EQ

[
∫ τb

0
δAte

−rtdt

]

(17)

and

E = A0 −K(
A0

K
)−x − (1− ρ)

[

c∗D0

r

] [

1− (
A0

K
)−x

]

Finally we can split the coupon payment

C

r
=

c∗D0

r

into two components.

c∗ = r + s∗

where s∗ is the spread over the risk free rate, such that the quantity:

(1− ρ)s∗D0

[

1− (
A0

K
)−x

]

represents the after tax cost of a ”perpetual” credit default swap written for an amount of debt
D0.

Consequently we can see that corporate stockholders are:

- ”Long” of a perpetual ”American Down and Out” call;

- ”Long” of a perpetual Credit Default Swap (paying the spread);

- Borrowing from bond holders at the risk free rate.

1.3 Corporate Firms Funded through the Issuance of Equity and Fixed Term

Intermediate Debt

We focus now on the particular case of corporations using fixed term intermediate debt for raising
capital. This is the current standard for European corporations whose stocks are listed on main
European exchanges.
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As in section I, the firm has productive assets which follow a continuous geometric diffusion process
with a a constant proportional volatility σ. As in section I, we have, with the same notations:

dAt = (r − d)dt+ σAtdWt (18)

with A0 > 0.

As discussed previously, the bankruptcy is triggered when the asset value falls below a predeter-
mined threshold, K. At the difference of Leland and Toft, we will consider here an exogenous
determination of K as a fraction of the debt. We consider K = LD where L designates the rate of
recovery of the debt on the assets and D is the principal amount of the outstanding debt.

Following Leland and Toft (1996), we consider a corporate firm which continuously sells a constant
(principal)amount of new debt of fixed maturity T, which will reimburse, the outstanding principal
P ”In Fine” at maturity T , and at par. The new bond principal is issued at rate p = (P/T ), in
such a way that the outstanding amount of debt is P and the distribution of principal maturities
us uniform in the time interval [t, t+ T ] where the present time is t = 0.

The outstanding principal amount of debt pays an aggregated coupon C on the period of T years
and a constant yearly coupon rate c = (C/T ) such that the total debt service per year is equal to
(C+P/T ). In other words, on an aggregated basis, and in a stationary state, the outstanding debt
pays yearly a linear amortisation of the outstanding principal plus the interest.

A bond issue with maturity t periods from present time τ = 0 and which continuously pays constant
coupon flow c(t) and has principal p(t). Let’s consider α(t) the fraction of assets lost in the recovery
process of the debt using the assets, such that the recovery rate on the debt if the bankruptcy occurs
at time t is (1− α(t))K.

d(A0,K, t) =

∫ t

0
e−rtc(t) [1− F (τ, A0,K)] dτ+e−rtp(t) [1− F (t, A0,K)]+

∫ t

0
e−rt(1−α(t))Kf(τ, A0,K)dτ

with:

• F (t, A0,K) is the cumulative distribution of the first (hitting) time the asset value A with a
drift r∗ − d and starting from A0 touches the bankruptcy level K.

• f(τ, A0,K) is the corresponding density of the first (hitting) time the asset value A with a
drift r∗ − d and starting from A0 touches the bankruptcy level K.

The integration from the expression above is well known since the respective studies from Harrison
and Rubinstein and Reiner (Rubinstein and Reiner, 1991). It is described in Leland and Toft
(1996).

d(A0,K, t) =
c(t)

r
+ e−rt

[

p(t)− c(t)

r

]

[1− F (t)] +

[

(1− α(t))K − c(t)

r

]

G(t) (19)

F (t) = N [h1(t)] + (
A0

K
)−2aN [h2(t)]

G(t) = (
A0

K
)(−a+z)N [q1(t)] + (

A0

K
)(−a−z)N [q2(t)]
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where

q1(t) =
(−b−zσ2t)

σ
√

(t)
; q2(t) =

(−b+zσ2t)

σ
√

(t)
; h1(t) =

(−b−aσ2t)

σ
√

(t)
; h2(t) =

(−b+aσ2t)

σ
√

(t)
;

with:

a =
(r−d−σ

2

2
)

σ2 ; b = ln[A0

K ]; z = [(aσ2)2+2rσ2]
1

2

σ2

One can see that a has exactly the same expression as in equation (12).

One can further verify that x = z + a using the definition of x in equation (11).

The integration of equation (19) leads to D(A0,K, T ) =
∫ T
0 d(A0,K, t)dt which designates the value

of all outstanding bonds with maturity T.

The computation has been done by Leland and Toft under the assumption that α(t) = α is constant
which supposes that all debt issued on the interval [0, T ] have the same seniority. We finally
obtain the expected value under the risk neutral measure of the outstanding debt of the firm in a
”stationary state”.

D(A0,K, T ) =
C

r
+ (P − C

r
)

[

1− e−rT

rT
− I(T )

]

+

[

(1− α)K − C

r

]

J(T ) (20)

with

I(T ) =
1

rT

[

G(T )− e−rTF (T )
]

and

J(T ) =
1

zσ
√

(T )

[

−(
A0

K
)(−a+z)N [q1(T )]q1(T )

]

+ (
A0

K
)(−a−z)N [q2(T )]q2(T ))

We then assume as in equation , that the firm value V (A0,K, T ) will depend upon the asset value
A0, the coupon tax benefit as well as the bankruptcy charges.

The value of corporate equity amounts then to:

E(A0,K, T ) = V (A0,K, T )−D(A0,K, T )

with

V (A0,K, T ) = A0 + ρ
C

r

[

1− (
A0

K
)−x

]

− α

[

K(
A0

K
)−x

]

(21)

where x is defined as in equation (10) and (11) and where also x = z + a.

Remark: Optimal Capital Structure

It is possible to determine an optimal leverage in the case of an exogenous determination of
bankruptcy. The optimal value of P ∗ maximizes the firm value in equation (24). K the threshold
is estimated at LP . The first order condition on V (P,K, T ) derivatives leads to:

P ∗ =

[

A0

L

]

[

ρ (r+s∗)
r

ρ (r+s∗)
r + αL(1 + x)

]1/x

(22)
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where s∗ is the corporate credit spread corresponding to the maturity T.

Equation (25) above can be written in terms of optimal leverage, as follows:

P ∗

A0
=

[

1

L

]

[

ρ (r+s∗)
r

ρ (r+s∗)
r + αL(1 + x)

]1/x

(23)

One can see directly on equation above, that the value of P ∗ will be ”stationary” if the asset value
has no drift. In the general case, this optimum value will change with At and P ∗ can therefore be
considered as a moving target.

However, in terms of capital structure, one can see directly on equation (23), that the optimal
capital structure P ∗

A0
is constant as long as ρ, r, s∗, d, σ are fixed.

1.4 Addition, Superposition and Limit Case

It follows from equation (14) and (21), which are the same, that the corporate firm’s value depends
of overall coupon paid on both fixed term debt and perpetual debt. Consequently, we can consider
in equation (9) the sum of all coupon paid for all debt maturity classes, as long as we consider a
threshold established on the total outstanding amount of principal debt and the same seniority for
the debt considered.

In order to compute exactly the equity value, we need to consider the case of a corporation where
debt of several maturities are issued. Practically, it comes to computing the respective values for
each debt maturity according to equation (20). In some particular cases, where the corporation
has issued hundreds of corporate bonds with various maturities, it can be burdensome.

As a proxy, we will consider the case of a corporation which issues continuously debt and is re-
deeming it at the same rate such that the outstanding amount of principal debt is constant, as
well as the ”average maturity”. Because the debt newly issued can be issued at a different price
than par, it means that any difference will be offset by the corporation through equity issuance or
redemption. We will consider this model is an acceptable proxy.

The model which is described in Leland and Toft (1996) writes for the expectation of the debt’s
value under the risk neutral assumption:

D =
MC + P

Mr + 1

[

1− (
A0

K
)−y

]

+ (1− α)

[

K(
A0

K
)−y

]

(24)

M designates the average maturity and m = 1
M the ”average” rate at which the outstanding debt

is renewed. P designates the outstanding principal amount of the corporation’s debt. δ designate
the continuous ”dividend yield” paid out on the corporate assets.

We compute from equation (10) the quantity

y =
(r − δ − 0.5σ2) +

[

(r − δ − 0.5σ2)2 + 2(m+ r)σ2
]1/2

σ2

We compute from equation (11) the quantity x such that the corporation’s value is:
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V = A0 + ρ
C

r

[

1− (
A0

K
)−x

]

− αK(
A0

K
)−x

with

x =
(r − δ − 0.5σ2) +

[

(r − δ − 0.5σ2)2 + 2rσ2
]1/2

σ2

Under the assumption that all debts have the same recovery rate, it is possible to compute then
the corporate equity value by subtracting the value of the cumulated debt from corporate value.
By the same token as in equation (22) we can also find the optimal amount of debt which will
maximize the corporation’s value.

P ∗

A0
=

[

1

L

]

[

ρ (r+s∗)
r

ρ (r+s∗)
r + αL(1 + x)

]1/x

(25)

where s∗ is the corporate credit spread corresponding to the average maturity of the debt.

2 Consequences of the FTT introduction on the Theoretical Eq-

uity Share Price

In this section, we use the framework introduced and discussed in both chapter I and II. In order to
raise capital on primary bond markets, corporations have to compensate the bond holders for the
credit risk they support in case the corporation defaults on its debt. This is done through a credit
spread embedded into the corporate bond price. This credit spread itself corresponds to a Credit
Default Swap (CDS) which insures the bond holders against the part of the debt which cannot be
recovered against the value of assets at bankruptcy time.

By way of capital structure arbitrage, as seen in chapter II, the value of the CDS is equivalent to
the value of an equity put option on the stock, and is linked to the volatility level of the underlying
equity. Consequently, the credit protection provided by the CDS is equivalent to the one provided
by buying a put option.

Furthermore, the credit spread of the CDS can be linked to the volatility of the corporation’s asset
value, which is itself linked to the corporation’s equity share price volatility. According to the
results developed in Chapter I therefore the equity option market-makers will pass through the full
impact of the additional transaction costs generated by the FTT to the end users, by increasing
the implied volatility level, on the volatility asking price.

Because corporations are borrowing money on capital markets, they are on the wrong side of the
volatility increase due to the introduction of the FTT, and they will have to pay the increase in the
volatility asking price to compensate, through the CDS spread, the equity option market makers
for the increased transaction costs generated by the FTT.

The numerical impact of the FTT is inversely related to the liquidity of such option markets. Equity
Options with long dated maturities, will generally have very illiquid markets, consequently we will
consider that equity option market makers are not able to find an offsetting trade. In the particular
case of Credit Default swaps, for maturities matching the duration of corporate debt (from 5 years

125



to 20 years) and hedged with out of the money put equity options, we will consider that at the
time the FTT will be introduced, those markets will have this kind of restricted liquidity.

We consider comparative statics on the respective values of the firm, its debt and equity for the
increased level of implied volatility, and considering the same level of asset value at time τ = 0. The
readjustment rule followed by the market-maker is a 2 percent ∆s rule. The theoretical equity share
price is computed according to the results of section I as the expectation of the corporate equity
value under a risk neutral assumption. The measure considered is the natural measure induced by
by the corporate asset value diffusion process. The increase in the equity share price volatility is
then transmitted to the asset value volatility, in the same way as in chapter 2, by the following
equation:

∆A

A
=

∆E

E
λ (26)

where λ is constant in the short run and is estimated through calibration and using the corporation
balance sheet structure. This leads to:

σ′
A = σ′

Eλ

where σ′
A and σ′

E designate respectively the modified volatilities of corporation’s asset value and
equity share price, following the introduction of the FTT, computed through Boyle and Vorst
calculations.

The theoretical equity share price is computed according to the results of section I as the expectation
of the corporate equity value under a risk neutral assumption. The measure considered is the natural
measure induced by by the corporate asset value diffusion process.

2.1 Impact of the FTT for Corporate Firms Funded through Equity, and Per-

petual Debt. Comparative Statics

2.1.1 The Theoretical Impact of the FTT Implementation when the Corporation is
Funded Solely Through Equity and Perpetual Debt

Definition 1: A ”Valued Capital Structure” for a given corporate firm is the vector (A0, D0, V0,K0, σ0), r
where:

A0 is the asset value;

D0 is the market value of the outstanding debt whose outstanding principal amount is P and which
is paying a fixed coupon C; This debt can be either perpetual, fixed term debt or the aggregation
of the two types as seen in subsection above.

V0 is the firm value as defined by equation (14);

K0 is the threshold on asset level triggering the bankruptcy;

σ0 designates the asset volatility.

Definition 2: A ”Fixed Capital Structure” is a Valued Capital Structure where the outstanding
amount of the debt principal is kept constant.
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(i) Short Term Effects for Corporations Carrying an Inventory of Perpetual Debt at
The time of FTT Implementation.

According to equation (14), as well as the literature (see Black and Cox), when the debt is perpetual,
the corporate equity value is a monotonous increasing function of the asset volatility. Consequently,
corporate firms carrying an inventory of perpetual debt, and funded solely through perpetual debt
and equity should see an immediate increase in their theoretical equity share price. At the same
time, because preferred shares and quasi-equity are similar to perpetual debt, it results from the
negative impact of the FTT on perpetual debt, that both preferred shares and quasi-equity should
record immediately a decrease in their theoretical price.

(ii) Short Term Effects for Debt Free Corporations Issuing Perpetual Debt After the
Introduction of the FTT

Conversely, if we consider that the corporation is ”perpetual debt free” at the time of the introduc-
tion of the FTT, and further assume that the corporation has to fulfil a fixed amount of funding
on the debt capital markets, we can conclude that the possible issuances of perpetual debt after
the introduction of the FTT will lead to a decrease in the theoretical equity share prices.

Proposition (1)

(i) Considering a corporate firm funding its capital requirements through the issuance of equity.

(ii) Futures Corporate firm’s capital requirements are to be fulfilled partially through the issuance
of perpetual debt.

(ii) The bankruptcy is triggered as soon as the asset value falls below a predetermined threshold
K, K being a fixed fraction of the debt.

(iii) Corporation is aiming for a fixed amount of capital to raise from the primary corporate debt
market.

Then:

(iv) The theoretical expected values, of quasi-equity, equity and corporate value, under the natural
risk measure associated to the corporate asset diffusion process values of quasi-equity, will be lower
after the introduction of the FTT.

Proof

Let’s designate by K the predetermined threshold triggering the default in the case of protected
debt.

Considering D′
0 the value of outstanding debt following the introduction of the FTT and D0 the

value of outstanding debt without FTT. Because the FTT generates an increase in the volatility
let’s consider x′ which is associated to the new volatility level σ′ using equation (11) and (12).

We have

D0 =
C

r

[

1− (
A0

K
)−x

]

+ (1− α)K

[

(
A0

K
)−x

]

and

D′
0 =

C

r

[

1− (
A0

K
)−x′

]

+ (1− α)K

[

(
A0

K
)−x′

]

Let’s consider the new coupon C ′ such that it offsets the negative impact on the debt value of the
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increase in the probability of default due of the increase in the asset volatility. Corporate firms will
be willing to pay this increased coupon in order to raise the same amount of capital through debt.

D′′
0 =

C ′

r

[

1− (
A0

K
)−x′

]

+ (1− α)K

[

(
A0

K
)−x′

]

= D0

D”0 −D′
0 = D0 −D′

0

Replacing D0, D
′
0, D

′′
0 by their respective values and after simplification we find:

[

1− (
A0

K
)−x′

]

C ′

r
=

[

1− (
A0

K
)−x

]

C

r
+ (1− α)K

[

(
A0

K
)−x − (

A0

K
)−x′

]

(27)

We know that the new value of equity E′′
0 is such that:

E′′
0 = A0 −

[

1− (
A0

K
)−x′

]

C ′

r
(1− ρ)−K

[

(
A0

K
)−x′

]

Using equation (15) we find then

E′′
0 = A0 − (1− ρ)

[

[1− (
A0

K
)−x

]

C

r
− (1−α)(1− ρ)K

[

(
A0

K
)−x − (

A0

K
)−x′

]

−K

[

(
A0

K
)−x′

]

(28)

Which writes:

E′′
0 = E0 +K(

A0

K
)−x −K(

A0

K
)−x′ − (1− α)(1− ρ)K

[

(
A0

K
)−x − (

A0

K
)−x′

]

(29)

E′′
0 = E0 +

[

K(
A0

K
)−x −K(

A0

K
)−x′

]

[1− (1− α)(1− ρ)K] (30)

E′′
0 = E0 +

[

K(
A0

K
)−x −K(

A0

K
)−x′

]

[1− (1− α)(1− ρ)] (31)

-Let’s prove first that x is a monotonous decreasing function of sigma i.e

∂x

∂σ
< 0

This is obvious if d = 0 as in this case x = 2r
σ2 and consequently:

∂x

∂σ
=

−2r

σ3

This is the case for any d. From equation (11) and (12) we know that:

x = a+B
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with B = 1
σ2

√
X with X = δ2 + 0.25σ4 + σ2(r + d) where δ = r − d.

Equation (11) yields
∂a

∂σ
=

−2δ

σ3

Finally :
∂x

∂σ
=

−2δ
√
X − 2δ2 − σ2(r + d)

σ3
√
X

∂x

∂σ
< 0

is equivalent to have (after simplification)

σ4(4dr) > 0

which is always true because d and r are positive.

-Because σ′ > σ, A0

K > 1, α and ρ < 1, then we conclude that E′
0 < E0.

Interpretation: Because there is a given funding requirement to fulfil in a fixed capital structure,
corporate firms will tend to raise the coupon to compensate for the drop in unit debt price due
to the increase in asset volatility. This will in turn lower the equity price level according to the
equation above. The drop in equity price will be directly related to the issue size of the debt
compared to the asset size as well as the aggregated side.

Corollary 2.1: The increase in the asset volatility following the introduction of the FTT leads
to a decrease in the corporate firm’s valuation. This decrease in the corporation’s value occurs
regardless of the maturity of the corporate debt.

Proof: This come from both equation (21) and the fact that x is a monotonous decreasing function
of σ.

Proposition 2

We compare the two respective economies stated above, and we considers a given corporation
aiming to raise a fixed amount of capital by issuing corporate debt on the primary market.

The magnitude of the drop in equity price due to the FTT and described above is:

(ii) Inversely related to the corporate tax rate

(ii) Directly related to the credit spread of the corporate debt

(iii) Directly related to the corporate debt leverage

(iv) Directly related to the bankruptcy costs

Proof:

This is a direct consequence of equation (29).

The dependency towards α and ρ comes directly from the last term on the right in equation (29).
The dependancy toward leverage comes from the fact that K = LP where P is the principal amount
of the debt and A0

P is inversely related to leverage.
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The dependancy toward the credit spread comes from the fact that the credit spread is a monotonous
increasing function of the volatility, and x is a decreasing function of σ.

Corollary 2.2:

Corporations located in different countries with different corporate tax rates will experience different
price drops in the risk neutral expectation of their equity. Highly leveraged firms paying significant
dividends and located in countries with a low corporate tax rate will incur the most significant
drop in their equity prices.

2.1.2 Short Term effects for Corporations Carrying an Inventory of Perpetual Debt
at the Time of FTT Introduction: Numerical Simulations

We consider the base case of a given corporate firm which carries an inventory of perpetual debt at
the time the FTT is introduced, such that the model described in equation (13), section I, applies
to this perpetual debt ”inventory”. The size of the outstanding principal amount (P ) of perpetual
debt commands directly the level of corporate leverage.

We assess the impact of the FTT on corporate equity, under risk neutral expectation, by first,
computing the impact on the asset volatility, second deducing from the equations above the impact
on the debt value. We consider a 2 percent ∆s rule and a FTT round trip rate of 0.2 percent of
the stock market value.

Corporations are confronted with an immediate drop in the value of the outstanding debt, which
is due to the increase in the probability of default implied by the increased asset volatility. This
drop in the debt value is more important than the drop in firm’s value and consequently this leads
to a short term increase in the corporation equity.

Table 1 below describes the short term positive impact on the theoretical equity price. We assume
that the corporation is funded solely through equity and perpetual debt and is carrying an existing
inventory of perpetual debt at the time when the FTT is introduced. We compute this effect for
several levels of corporate leverage, and credit spreads. Practically, perpetual debt amounts issued
by corporations represents in general a small portion of their assets. Thus, we should expect that
in the ”real life”, corporations will maintain low levels of leverage and this effect should be limited.
The magnitude of this short term impact increases with the level of corporate assets volatility as
evidenced in Table 2, below. Furthermore, this impact decreases with the level of corporate tax as
evidenced in Table 3.

Table 1: Short Term Effect Variations of Equity Value Following the Introduction of the
FTT when The Firm carries an Inventory of Perpetual Debt; as a function of Credit
Spreads S and Corporate Leverage L(Variation in percentages; ρ = 0.35; α = 0.50;
σA = 0.1; δ = 0.03; r = 0.01)

S L=1.25 L=1.67 L=2 L=2.5 L=3.33 L=5

0.007 0.47 1.01 1.3 1.6 1.9 2.2

0.015 0.95 2.18 2.9 3.7 4.6 5.62

0.025 1.65 4,3 6.1 8.45 11.54 15.8

0.035 2.53 7.74 12.53 20.9 38.8 104.73
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Table 2: Short Term Effect Variations of Equity Value Following the Introduction of
the FTT when The Firm carries an Inventory of Perpetual Debt; as a function of
Corporate Leverage L for Various Volatility Levels(Variation in percentages; Spreads
in percents. ρ = 0.35; α = 0.50; S = 0.007; δ = 0.03; r = 0.01)

σA L=1.25 L=1.67 L=2 L=2.5 L=3.33 L=5

0.1 0.47 1.01 1.3 1.6 1.9 2.2

0.2 0.75 1.41 1.74 2.05 2.36 2.66

Table 3: Short Term Effect Variations of Equity Value Following the Introduction of
the FTT when The Firm carries an Inventory of Perpetual Debt as a function of
Corporate Leverage L for Various Volatility Levels(Variation in percentages; Spreads
in percents.ρ = 0.35; σA = 0.1; α = 0.50; S = 0.007; δ = 0.03; r = 0.01)

ρ L=1.25 L=1.67 L=2 L=2.5 L=3,33 L=5

0.35 0.47 1.01 1.3 1.6 1.9 2.2

0.15 0.77 1.74 2.28 2.86 3.50 4.18

2.1.3 Short Term Effects for a Debt Free Corporation Issuing New Perpetual Debt:
Numerical Simulations

We review now the case of a corporation which is ”debt free” at the time the FTT is introduced
and considers the issuance of new corporate perpetual debt. Equation (29) allows us to compute
the comparative statics of the negative equity impact due to the introduction of the FTT. We
conduct numerical simulations of this impact depending upon corporate leverage, corporate tax
rate, bankruptcy costs and asset volatility. We compare two economies: one without FTT and the
second featuring the FTT as it is described in the EU project.

We can then compute the impact of the FTT on Corporate equity, under risk neutral expectation,
by first, computing the impact on the asset volatility, second deducing from the equations above
the impact on the debt value. We assume a 2 percent ∆s rule and a round trip FTT rate of 0.2
percent of the notional value of the stock.

Table 4 evidences the negative impact on equity value of the FTT depending upon the desired
leverage and the corporate tax rate, spread, for an asset volatility of 10 percent per year, and
bankruptcy cost of 50 percent. One can see that the impact is directly related to the leverage and
inversely related to the corporate tax rate. Corporate firms which are tax domiciled in countries
with low tax rates, will experience a higher decrease of the equity price than those located in
countries with a higher tax rate.

Based on equation (15), the negative impact on the theoretical equity price increases with both
bankruptcy costs and the risk free rate.

One can see that low corporate tax rates command a significant higher negative impact on the
corporate debt value, especially for highly leveraged corporations. Corporations with the same
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characteristics, located in countries having different corporate tax rates will have different impact
of the FTT on their corporate cost of fundings, creating potentially, competitive distortions.

This strongly suggests, that in case the FTT would be implemented at the same time, in all EU
countries, it would harm the competitiveness of corporate firms located in countries having the
lowest corporate tax rate. Consequently, in order to avoid such distortions, the EU should, prior to
the introduction of the FTT, proceed to an harmonisation of the various corporate tax rates across
the EU.

Table 4: Impact of the FTT In terms of Equity Value Variation in Percentages as a
function of Leverage  L and Corporate Tax Rate for a ”Debt free” Corporation Issuing
New Perpetual Debt; (α = 0.50; σA = 0.20; δ = 0.05; r = 0.01 )

ρ = 0.15 ρ = 0.20 ρ = 0.25 ρ = 0.30 ρ = 0.35

 L = 1.25 -0.42 -0.43 -0.45 -0.46 -0.47

 L = 1.67 -0.90 -0.91 -0.92 -0.93 -0.95

 L = 2.00 -1.24 -1.24 -1.24 -1.24 -1.24

 L = 2.5 -1.75 -1.71 -1.67 -1.64 -1.61

 L = 3.333 -2.69 -2.52 -2.37 -2.25 -2.15

 L = 4 -3.59 -3.21 -2.93 -2.71 -2.54

 L = 5 -5.31 -4.40 -3.80 -3.38 -3.06

 L = 10.00 -91.79 -15.89 -9.02 -6.45 -5.10

The negative impact on equity share price is an increasing function of both corporate credit spreads
and firm’s leverage as evidenced in Table 5.

Table 5: Short Term Effect Variations of Equity Value Following the Introduction of
the FTT for a ”Debt free” Corporation Issuing New Perpetual Debt; as a function
of Credit Spreads S and Corporate Leverage L(Variation in percentages; Spreads in
percents ρ = 0.35; α = 0.50; σA = 0.1; δ = 0.03; r = 0.01)

L=1.25 L=1.67 L=2 L=2.5 L=3,33 L=5 L=6.67 L=10

S=0.7 -0.27 -0.57 -0.72 -0.89 -1.06 -1.24 -1.33 -1.42

S=1.5 -0.28 -0.65 -0.87 -1.11 -1.38 -1.68 -1.84 -2.0

S=2.5 -0.31 -0.81 -1.16 -1.61 -2.20 -3.00 -3.53 -4.10

S=3.5 -0.35 -1.08 -1.74 -2.9 -5.40 -14.49 -45.47 NA

The magnitude of this negative impact on the equity share price increases slightly with the volatility
level as it is shown in Table 6.
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Table 6: Short Term Effect Variations of Equity Value Following the Introduction of
the FTT for a ”Debt free” Corporation issuing New Perpetual Debt as a function of
Volatility σ and Corporate Leverage L(Variation in percentages; ρ = 0.35; S = 0.007;
α = 0.50; σA = 0.1; δ = 0.03; r = 0.01)

L=1.25 L=1.67 L=2 L=2.5 L=3,33 L=5 L=6.67 L=10

σ = 0.1 -0.27 -0.57 -0.72 -0.89 -1.06 -1.24 -1.33 -1.42

σ = 0.2 -0.42 -0.79 -0.97 -1.14 -1.32 -1.48 -1.57 -1.65

2.2 Impact of the FTT for Corporate Firms Funded through Equity, and Fixed

Term Debt Maturity in a Fixed Capital Structure: Comparative Statics for

Leverage,Spread, Asset Volatility, Corporate Tax and Risk Free Rate

We consider now, corporate firms funded through fixed term maturity debt. We are still comparing
the same corporate firm with the same capital structure in the two respective economies described
above by doing a static comparison of its value, debt and equity theoretical prices.

We consider the instantaneous reaction of an economy to the Introduction of the FTT as well as
its long term behavior under the assumption of a fixed capital structure..

2.2.1 Short term Impact

(i) Sensitivity of Theoretical Equity Price towards Leverage, Credit Spread, Volatility
and Debt Maturity

Figures 1,2,3 show the instantaneous (short term) reaction of the expected theoretical share price,
under the risk neutral measure associated to the asset value stochastic diffusion process, for various
leverage and credit spreads. We consider two different assumptions on the yearly rate of return
on assets, respectively 3 and 5 percent. Results are computed for two respective different level
of asset volatility (10 and 20 percent) as well as two different maturities (5 and 10 years). The
FTT roundtrip rate is assumed to be 0.2 percent. Option market-makers on the 5 year option are
following a 2 percent based ∆s rule. Figure 3 evidences the impact of debt maturity on the short
term equity price impact.

One can see that, the FTT introduction has a negative impact on the theoretical equity share price
(computed according to equation (20), for an asset volatility of 10 percent a year). The negative
impact magnitude is an increasing function of both corporate leverage and spreads. This negative
dependancy is valid for respective debt maturities of 5, 10 and 15 years. The negative impact is
slightly more significant for short term maturities and it decreases slightly when the debt maturity
increases.

Conversely, for the asset level of volatility of 20 percent(pretty high), and a yearly return on assets
of 5 percent, one can see that the equity share price can be up, for highly leveraged corporations
with substantial credit spreads. This phenomenon is known as ”agency effect” and is well known
in the corporate structure model literature., see for instance, Leland and Toft (1996) which discuss
this effect in the case of endogenous bankruptcy determination. It corresponds to a situation where
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Figure 1: Short Term Reaction of the Expected Theoretical Share Price
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Figure 2: Short Term Reaction of the Expected Theoretical Share Price
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Figure 3: Short Term Reaction of the Expected Theoretical Share Price
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the increase in asset volatility (risk) will benefit the shareholder’s interest of highly leveraged
companies issuing corporate debt paying higher credit spreads to investors (junk-bonds). It applies
to an exogenous bankruptcy determination.

(i) Sensitivity of Theoretical Equity Price towards Corporate Tax and Risk free rates

Figure 1 , displays the negative impact on the theoretical equity share price for different levels of
corporate tax rates and risk free rates. One can see that, countries having a lower corporate tax
rate, will record a lesser drop in equity share price, than the countries with a higher corporate tax
rate. This effect will occur for corporations with a low to average leverage. For highly leveraged
corporations, the result will be the opposite. Higher drops will be recorded in countries having a
lower corporate tax rate.

For the risk free rate, we find that the magnitude of the negative impact is a direct function of the
level of risk free rates. Higher risk free rates level are generally commanding higher equity price
drops, everything else being equal.

2.2.2 Short term Impact Negative Envelope.

Given leverage, and credit spreads, the return on assets determines the return on equity (ROE).
Numerical simulations of equation [21] show that the impact of the increase in volatility of equity,
on the equity share price, is inversely related to δ the rate of return on assets and consequently
the return on equity (ROE). There is a maximum value for the ROE over which the percentage
variation of the equity is going to be positive. Below this threshold, the impact on the equity share
price of the volatility increase due to the FTT is going to be negative. One can remark, by doing
numerical simulations that companies with a very high return on equity will experience in fact an
increase in the share prices, if they finance through corporate debt with a 10 year maturity.

Such results are no surprise. All structural models used are considering in fact that the shareholders,
in case of default, can walk away of their debt obligation by abandoning the assets to the bond
holders. Such possibility is equivalent to be long of a (”knock-in”) Put option on the assets whose
strike price is the amount of the outstanding debt. Such Put is ”activated” whenever the asset
value falls below the barrier. The combination of owning both the assets and such ”Down and In”
Put is equivalent to the ownership of a ”Down and Out” Call.

Finally, the equity is equal to the difference between a ”Down and Out” American call option on
the assets (whose strike price is the amount of principal debt and the barrier is K) and a stream
of cash-flows paying the risk free rate plus the credit spread on the amount of the principal debt.

The value of a ”Down and Out ” American call option is not a monotonous increasing function of
the asset volatility, which explains the fact that the equity value can decrease when the volatility
increases. Furthermore, when the return on dividends increases, the value of the call option tends
to become ”stale” whereas the expected value of the cash flows tends to decrease, because of the
increased probability of default. This explains, that the equity might increase, when the rate of
return on assets is high.

We define the envelope of the FTT impact has the maximum return on equity level for which
an increase of 5 percent of the asset volatility due to the implementation of the FTT provides a
negative variation of the share equity price. We consider credit spreads ranging between 1 and 4
percent per annum. a base volatility of 20 percent, a risk free rate of 1 percent and a debt maturity
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of 5 years.

a base volatility of 20 percent, a risk free rate of 1 percent and a debt maturity of 5 years.

Table 7: Envelope of The Negative Equity Value Variation in Percentage for a 5 percent
Increase in Asset Volatility due to the FTT (r = 0.01; ρ = 0.35; α = 0.50; σA = 0.20;
0.01 < s∗ < 0.04)

Maturity Risk free rate Leverage Max ROE ∆E
E

5 0.01 1.25 0.25 < 0

5 0.01 1.43 0.25 < 0

5 0.01 1.67 0.24 < 0

5 0.01 2.00 0.23 < 0

5 0.01 2.5 0.22 < 0

5 0.01 3.33 0.21 < 0

5 0.01 4 0.23 < 0

5 0.01 5 0.26 < 0

5 0.01 6.67 0.30 < 0

5 0.01 10 0.32 < 0

Table 8: Envelope of The Negative Equity Value Variation in Percentage for a 5 percent
Increase in Asset Volatility due to the FTT (r = 0.05; ρ = 0.35; α = 0.50; σA = 0.20;
0.01 < s∗ < 0.04)

Maturity Risk free rate Leverage Max ROE ∆E
E

5 0.05 1.25 0.35 < 0

5 0.05 1.43 0.34 < 0

5 0.05 1.67 0.34 < 0

5 0.05 2.00 0.34 < 0

5 0.05 2.5 0.33 < 0

5 0.05 3.33 0.32 < 0

5 0.05 4 0.31 < 0

5 0.05 5 0.34 < 0

5 0.05 6.67 0.35 < 0

5 0.05 10 0.38 < 0

One can see in Table 7 that, for usual values of the ROE, the impact is going to be mainly negative
for a 5 year maturity. The impact is going to be higher for a higher risk free rate. Table 8 evidences
that if the risk free rate is 5 percent then the ROE to get a negative variation of the equity following
a 5 percent increase in the asset volatility is higher. Table 9 and10 show the same results in the
case of a 10 years maturity. One can see that for such maturities the impact is negative for return
on equities values which are significantly lower.

Table 9 evidences that for a fixed maturity of 5 years, a risk free rate of 1 percent per year, a
corporate tax rate of 35 percent, and per leverage, the maximum ROE for which a 5 percent
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Table 9: Envelope of The Negative Equity Value Variation in Percentage for a 5 percent
Increase in Asset Volatility due to the FTT (r = 0.01; ρ = 0.35; α = 0.50; σA = 0.20;
0.01 < s∗ < 0.04)

Maturity Risk free rate Leverage Max ROE ∆E
E

10 0.01 1.25 0.17 < 0

10 0.01 1.43 0.127 < 0

10 0.01 1.67 0.11 < 0

10 0.01 2.00 0.09 < 0

10 0.01 2.5 0.08 < 0

10 0.01 3.33 0.065 < 0

10 0.01 4 0.058 < 0

10 0.01 5 0.042 < 0

10 0.01 6.67 0.030 < 0

10 0.01 10 NA > 0

Table 10: Envelope of The Negative Equity Value Variation in Percentage for a 5
percent Increase in Asset Volatility due to the FTT (r = 0.05; ρ = 0.35; α = 0.50;
σA = 0.20; 0.01 < s∗ < 0.04)

Maturity Risk free rate Leverage Max ROE ∆E
E

10 0.05 1.25 0.252 < 0

10 0.05 1.43 0.227 < 0

10 0.05 1.67 0.193 < 0

10 0.05 2.00 0.184 < 0

10 0.05 2.5 0.173 < 0

10 0.05 3.33 0.150 < 0

10 0.05 4 0.147 < 0

10 0.05 5 0.139 < 0

10 0.05 6.67 0.113 < 0

10 0.05 10 0.043 < 0
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Table 11: Envelope of The Negative Equity Value Variation in Percentage for an In-
crease in Implied Share Price Volatility due to the FTT (r = 0.01; ρ = 0.35; α = 0.50;
σS = 0.30; 0.01 < s∗ < 0.04)

Maturity Risk free rate Leverage Max ROa ∆E
E

5 0.01 1.25 0.201 < 0

5 0.01 1.43 0.172 < 0

5 0.01 1.67 0.13 < 0

5 0.01 2.00 0.12 < 0

5 0.01 2.5 0.115 < 0

5 0.01 3.33 0.11 < 0

5 0.01 4 0.115 < 0

5 0.01 5 0.118 < 0

5 0.01 6.67 0.086 < 0

5 0.01 10 0.05 < 0

increase in the asset volatility leads to a negative variation of the corporate firm equity value, for
credit spreads ranking from 1 percent to 4 percent per annum.

One can see that, for usual values of the ROE, the impact is going to be mainly negative for a 5
year maturity. The impact is going to be higher for a higher risk free rate. Table 8 evidences that
if the risk free rate is 5 percent then the ROE to get a negative variation of the equity following a
5 percent increase in the asset volatility is higher.

Remark: Furthermore, for highly leveraged companies, the impact for a 10 year maturity debt will
always be positive. This is in line, with previous results from Leland or Leland and Toft, though
based on endogenous bankruptcy determination, which find that corporate companies issuing junk-
bonds are favoured by an increase in the risks on the assets. This is the classical agency effect,
where because of the option nature of equity shareholders might increase their risk in order to
increase the equity value.

Finally, Table 11 displays the envelope of return on assets leading to a decrease of the equity share
value for a predetermined level of equity volatility of 30 percent. The asset volatility is then derived
through the approximation of a fixed capital structure.

2.2.3 Long Term Impact in a Fixed Capital Structure

We consider now, corporate firms adjusting the level of their debt value by adjusting their credit
spread, in order to raise the same amount of capital on the primary bond market. Because, in
our model we consider a steady state corresponding to a continuous rate of issue for a fixed term
debt maturity, we can conclude that this corresponds to a long term adjustment of this steady
state, which is completed after the corporate debt has been completely renewed. Consequently,
this happens after a number of years corresponding to the average tenor of the corporate debt.

Figure 4 evidences the instantaneous (long term) reaction of the expected theoretical share price
under the risk neutral measure associated to the asset value stochastic diffusion process. As for the
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short-term impact review (see above), we consider two different assumptions on the yearly rate of
return on assets, respectively 3 and 5 percent. Results are computed for two respective different
level of asset volatility (10 and 20 percent) as well as two different maturities (5 and 10 years). The
FTT roundtrip rate is assumed to be at 0.2 percent. Option market-makers on the 5 year option
are following a 2 percent based ∆s rule.

One can see that, as for the short term impact, the level of asset volatility commands directly the
magnitude and the sign of the long term impact on the theoretical price of corporate equity. For
an asset volatility of 20 percent(pretty high), and a yearly return on assets of 5 percent, one can
see that the equity share price can be up, for highly leveraged corporations with substantial credit
spread. We encounter, again, the ”agency effect” described previously. The adjustment of credit
spreads for highly leveraged corporations issuing high spread bonds (junk-bonds) will lead to an
increase in the theoretical value of the corporate equity.

The magnitude of the negative impact on theoretical corporate equity price is an increasing function
of both corporate leverage and spreads. This negative dependancy is valid for respective debt
maturities of 5, 10 and 15 years. The negative impact is more significant for short term maturities
and it tends generally to zero when the debt maturity increases.

The negative impact on the theoretical equity price decreases with the corporate debt maturity.

2.3 Consequences of the FTT Introduction on the Theoretical Equity Price for

an Optimal Capital Structure and Fixed Intermediate Debt

2.3.1 Consequences of the FTT Introduction on the Corporation Optimal Capital
Structure

We consider now the case of a corporation which choses to have an optimal capital structure in the
case of an exogenous determination of bankruptcy.

We will focus on fixed term debt, considering the case of a corporation issuing fixed term debt for a
given maturity. We can then figure what is going to be the reaction of the corporation to a change
in asset volatility. We have the following proposition.

Proposition (3)

(i) Assuming that a given corporation determines its optimal capital structure by maximizing the
corporate value.

(ii) Assuming that for a given corporation the variation of asset volatility parameters leads to a
negative short term variation of the equity price.

(i) Assuming that the corporate default is triggered by an exogenous condition, based on a fraction
of the outstanding principal amount.

Then

(iii) Corporations will adjust to their new optimal capital structure, by reimbursing corporate debt,
and funding this operation by issuing new equities.

(iv) The equity price will record a drop due to the dilution effect generated by this adjustment of
the optimal capital structure.
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Figure 4: LongTerm Reaction of the Expected Theoretical Share Price
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Proof Considering equation (21) which defines the optimal value P ∗ maximizing the corporate
value.

a- We first prove that dP ∗

dx > 0

P ∗ =
A0

L

[

B

B + αL(1 + x)

]
1

x

with B = ρ(r+s∗)
r

dP ∗

dx >= 0 and further develops into:

P ∗ =
A0

L
exp[

− ln(1 + U(1 + x))

x
]

with U = αL
B The sign of the first order derivative toward x: dP ∗

dx of this expression is the same as
the sign of:

G(y) =
U

y
ln(1 + U + y)− U

1 + U + y

with y = Ux which is always positive when y > 0 because G′(y) = y
(1+U+y)2

this proves that
dP ∗

dx > 0

b-We know from section 2.1.1 above that dx
dσ <= 0 This leads to:

dP ∗

dσ
<= 0

This implies that the optimal level of debt, following the introduction of the FTT, will decrease
because of the increase in the volatility of corporation’s assets.

c-Let’s designate by P ∗∗ this new optimal level of debt and by B′
0 the new bond price. The new

equity price is E′
0 and the original equity price is E0 . In order to reach the new optimum, the

corporation will have to ”buy back” on the market the debt formerly issued at market price. Once
the new level of debt is reached, the equity value is determined by equation (20).

Therefore the corporation has to issue a number ∆n of additional shares to fund the purchase of
the corporate bonds on the secondary market. The issuance of shares and the bond ”buy-back”
are done at the prevailing market prices on both bond and stock markets. This writes:

B′
0(P

∗ − P ∗∗) = ∆n.E′
0

Pursuant to our hypothesis that we are within the ”envelope” leading to a decrease of the equity,
following the introduction of the FTT, we have E′

0 < E0. The price per share for the new issuance

is
E′

0

n0
where n0 designates the initial number of shares. The new number of shares is n1 = n0+∆n.

Consequently, the firm is issuing additional shares at a lower share price which is characteristic of

dilution. The new equity value after issuance is E1 = (n0 +∆n)
E′

0

n0
= n1

E′
0

n0
which implies

n1
E′

0

n0
= E1

E1

n1
<

E0

n0
.
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Figure 5: Short Term Reaction of the Expected Theoretical Share Price for an Optimal Capital
Structure Depending Upon Spread and Leverage
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2.3.2 The Short and Long Term Consequences of the FTT Introduction on The The-
oretical Equity Share Price

We consider equation (23) with K = K∗ = LP ∗ where P ∗ is the outstanding amount of principal
debt which maximizes the corporation value V in equation (21). We consider that the main
parameters such as δ, r, s∗, and consequently ROE are within the envelope discussed previously
which leads to a decrease of the equity share price. As the parameters are within this envelope, we
can expect a decrease of the equity price for the value P ∗.

We draw a distinction between the short and long term impact.

The short term impact consists in the immediate adjustment of the equity share price following
the increase of the asset volatility. Table 12 evidences this drop in equity prices for the optimal
leverage depending upon the credit spread for different values of debt maturity.

The long term impact consists in the adjustment of both the capital structure and the equity share
price. The long run is reached once all the fixed term debt has been adjusted to its new principal
amount. According to the model we are using, once the FTT is introduced, the number of years
to reach the full long term effect of the FTT, is thus equal to the maturity of the debt. One can
see on Table 12 as well as figures 5 and 6 that the magnitude of the negative impact on the equity
price increases very slightly with the debt maturity.

Table 13 displays the short and long term values of the drop in the theoretical equity share price
depending upon the corporate tax rate for average credit spreads comprised between 100 and 300
b.p.a and an average debt maturity of 5 years. One can see that corporations located within
countries with a higher corporate tax rate will record a more important drop of the theoretical
equity share price. This distorsion will increase with the level of the credit spread.

Both short term and long term impact of the FTT on the theoretical equity share price are increasing
with the credit spread, whereas the influence of maturity is very little. as evidenced in figure 5..

As for the fixed capital structure, we can see on figures 7 and 8 that both short term and long
term effects on the theoretical equity share price are strongly depending upon the corporate tax
rate. For the same spread, and our base case, in terms of volatility, maturity and risk free rates,
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Table 12: Short and Long Term Impact (in percent) of the FTT at the Optimum
Leverage for Various Credit Spreads (in b.p.a) Depending upon the maturity(r = 0.01;
ρ = 0.35; α = 0.50; σA = 0.1; δ = 0.03)

Maturity Credit Spread Short Term Impact Long Term Impact

5Y 50 −0.97 -0.93

5Y 100 −1.53 -1.49

5Y 150 −2.12 -2.07

5Y 200 −2.71 -2.66

5Y 250 −3.28 -3.23

5Y 300 −3.82 -3.76

5Y 350 −4.32 -4.26

5Y 400 −4.78 -4.72

10Y 50 −0.98 -0.94

10Y 100 −1.55 -1.51

10Y 150 −2.17 -2.12

10Y 200 −2.81 -2.75

10Y 250 −3.44 -3.38

10Y 300 −4.05 -3.90

10Y 350 −4.63 -4.58

10Y 400 −5.19 -5.13

15Y 50 −0.98 -0.94

15Y 100 −1.56 -1.51

15Y 150 −2.19 -2.13

15Y 200 −2.82 -2.77

15Y 250 −3.46 -3.40

15Y 300 −4.09 -4.03

15Y 350 −4.70 -4.64

15Y 400 −5.30 -5.24
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Table 13: Short and Long Term Impact (in percent) of the FTT at the Optimum
Leverage for Various Corporate Tax Rates (r = 0.01; ρ = 0.35; α = 0.50; σA = 0.1;δ =
0.03;T = 5Y ears)

Corporate tax rate Credit Spread Short Term Impact Long Term Impact

0.15 100 −0.36 -0.33

0.20 100 −0.61 -0.58

0.25 100 −0.90 -0.86

0.30 100 −1.21 -1.17

0.35 100 −1.53 -1.49

0.15 200 −0.76 -0.72

0.20 200 −1.22 -1.18

0.25 200 −1.72 -1.67

0.30 200 −2.33 -2.17

0.35 200 −2.71 -2.66

0.15 300 −1.24 -1.19

0.20 300 −1.92 -1.87

0.25 300 −2.60 -2.55

0.30 300 −3.24 -3.19

0.35 300 −3.82 -3.76

Figure 6: Long Term Reaction of the Expected Theoretical Share Price for an Optimal Capital
Structure Depending Upon Spread and Leverage
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Figure 7: Short Term Reaction of the Expected Theoretical Share Price for an Optimal Capital
Structure Depending Upon Spread and Corporate Tax rate
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corporations located in countries with a higher tax rate will experience a higher drop in their
theoretical equity share price than corporations located in countries with a lower tax rate. As for
fixed capital structure, this should create some distortions in the competitiveness of corporations
depending upon their tax domiciliation in Europe. This effect would be stronger than for fixed
capital structure.

2.4 Consequences on The Volumes of Shares Available for Trading

As we saw previously, corporations aiming for an optimal capital structure and issuing fixed term
corporate debt, should decrease their leverage ratio and issue more equity shares on the primary
market at a lowered price.

Issuing debt is, in general the preferred way of raising capital for corporations as it is generally
less expensive than issuing equity. Funding capital requirements through equity occurs in specific
occasions, where the return on new equity issued is not guaranteed. Generally, this is the case for
merger and acquisitions, or creation of new business lines.

In such occasions, because of the price drop in share prices due to the FTT, corporations will have
to issue more shares on the primary market to raise the same amount of capital.

Consequently, as a whole, an economy featuring a FTT should record, in the long run, a higher
volume of equity shares. Everything else being equal, the total amount of shares available for
trading (”the Float”) should increase.
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Figure 8: Long Term Reaction of the Expected Theoretical Share Price for an Optimal Capital
Structure Depending Upon Spread and Corporate Tax Rate
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3 Model Calibration and Application to a Sample of 5 Corporate

Companies

We apply the two models described above to a sample of 5 corporate companies which includes three
industrial corporate firms (Michelin, Arcelor Mittal, Alsthom) and two financial corporate firms
(Axa, Commerzbank). We consider two valuation dates. The first date is the 30th of September
2016, in order to have a direct comparison with the calculations done on debt at Chapter II. The
second is the 12th of January 2018.

The data we used consists of balance sheet, profit and loss statements, and credit spreads as well
as the entire universe of bond issued which are still outstanding. The corporate short term debt is
assumed to have a 1 month maturity.

Most of the corporate bonds, nowadays are featuring a call clause in favor of the issuer. This clause
allows the issuer to buy back at a predetermined price (generally at par) the corporate debt which
has been issued previously. This clause is useful, for instance, when the credit worthiness of the firm
has improved since the bonds were issued and the current coupon served on outstanding corporate
debt is above the current market price. It is then worth to buy back this debt and reissue new debt
at a lower coupon price.

For simplicity’s sake, we will not consider the impact of such clause. The long call component for
the shareholder is going to be negatively impacted by the introduction of the FTT, because the
subsequent increase in volatility is going to increase the credit spread and the cost of corporate
debt. For this reason, we can consider that our estimation constitutes a minimum evaluation of
the FTT impact on corporate theoretical share prices.

We consider the credit spreads on the type of debt seniority prevailing on the Credit Default Swap
market at valuation date. We consider the average duration of the corporate debt weighted by
the amount of outstanding debt per maturity. We then calibrate an asset volatility such that the
outstanding average corporate debt is valued at par using our model. Then we apply the Boyle
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and Vorst calculation for a 2 percent ∆S rule and the FTT rate.

We conduct two different calculations:

• The first one consists of the computation of the short-term instantaneous effect, as described
in previous sections.

• The second one consist of the computation of the stationary state impact, once the corporate
firm has adjusted its capital structure, by replacing the corporate debt with bond issues
featuring a higher coupon, in order to raise the same amount of capital.

We display the separate effects on both the expected theoretical value of Corporate equity, and
corporate bond credit spreads.

Results are displayed in Table 14 and 15.

One can see that the impact is negative for most stocks of our corporate sample.

Table 14: FTT Impact on Theoretical Equity Prices and CDS spreads for a sample of
five European Corporate Firms As of the 30/09/2016 (spreads in b.p, volatilities in percent)

Issuer Spread Duration Short Term Long Term Spread Increase

Alsthom 40 2.76 -8.61 -5.53 79

Arcelor-Mittal 167 7.33 -1.96 0.63 264

Axa 201 20.77 -8.98 -11.78 145

Commerzbank 120 4.45 -1.44 -2.05 160

Michelin 47 6.6 -1.06 -1.0 62

Table 15: FTT Impact on Theoretical Equity Prices and CDS spreads for a sample of
five European Corporate Firms As of the 12/01/2018 (spreads in b.p, volatilities in percent)

Issuer Spread Duration Short Term Long Term Spread Increase

Alsthom 15 2.76 -9.12 -7.14 50

Arcelor-Mittal 138 6.05 -2.71 0.20 148

Axa 150 19.483 -4.05 -7.68 104

Commerzbank 35 3.14 -2.24 -2.83 85

Michelin 42 5.269 -2.90 -1.81 46
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4 Comparison with the Existing Results from The Literature and

FTT Impact in the Particular Case of the Banking Sector in the

Basel III Context and the Need for Banks to Raise additional

Capital

4.1 Comparison with the Existing Results from The Literature

We can now compare our conclusions with existing results from the literature. Existing empirical
studies were done exclusively for the specific case of Sweden (Umlauf (1993), Westerholm (2003))
till 2003. At this time, similar reviews using the same methodology where done for the UK (Saporta
and Kan (1997), Hawkins and McCrae (2002)). Those studies were considering the stock market
only and were excluding the corporate bond market.

In the case of Sweden, Umlauf (1993) reports that the Swedish All-Equity Index fell by 2.2 percent
on the day a 1 percent transaction tax was introduced and again by 0.8 percent on the day it was
increased to 2 percent. This suggests a short-term elasticity of 2.2 and an additional 0.4 for the
second increase. Westerholm (2003) concludes that the suppression of the two respective taxes of
1and 2 percent introduced respectively in 1983 and 1986 would lead to an increase of respectively
7.5 and 9.7 percent of the stock prices. This is consistent with an elasticity to the tax which is
comprised between 4.85 and 7.5.

In the case of UK, which constitutes the only case for empirical reviews of the introduction of
a STET, besides the Swedish case, Saporta and Kan (1997) by using the same methodology as
Umlauf, found that a decrease of 1 percent of the ”stamp duty ” tax, would bring an expected
index rise of 6.24 percent. Their study was based on observations of UK stock market prices from
1969 to 1996. Both Saporta, Umlauf and Westerholm do not consider the leverage as an explaining
variable and do not disclose the average leverage of the sample of corporations they are reviewing.
In the case of UK, Hawkins and McCrae (2002) explore the case of the suppression of the STET
and find an elasticity which is comprised between 6.75 and 12.25 depending upon the assumptions
done on the impact of the suppression on shares transaction turnover.

The STET considered in both the Swedish and the UK cases had different specifics than the
FTT project. For instance, in both UK and Swedish cases, transactions initiated by f inancial
institutions were exempt from the tax, whereas the European FTT would apply to all transactions
with the EU. In addition, the Swedish review was done on a period where both the equity and credit
derivatives markets were not developed significantly. In the UK case, the review was achieved in
2003, at a time where the credit derivatives markets were just beginning their development, while
the equity derivatives market was already in place. In both cases, the possibility to conduct capital
structure arbitrage between credit and equity derivatives, which is the justification of our analysis,
was limited. Furthermore, in both cases of Sweden and UK reviews, the authors do not disclose or
compute the average corporation leverage of the stock index they are considering.

Despite these differences, our results are comparable in terms of directions and magnitude to existing
results from literature, based on empirical studies, for a reasonable assumption on corporation’s
leverage. Our results displayed Table 4 evidence approximately the same short-term magnitude as
Saporta and Kan (1997) or Westerholm (2003) and Umlauf (1993), and even Hawkins and McCrae
(2002), if we consider an average leverage between 3 and 4, and a FTT roundtrip rate of 0.4 percent.
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4.2 The Particular Case of the Banking Sector in the Basel III Context and

the Need for Banks to Raise additional Capital

Results stated above are of particular importance for banks and financial institutions, especially in
the European Union which are subject to the new capital requirements implemented by the CRD
IV (”Basel III”) rules. According to those rules, banks must maintain enough capital to offset the
risk they bear on their asset portfolio. Pursuant to the new requirements introduced by the CRD
IV rule, banks have issued specific debt investment vehicles allowing them to fulfil this obligation
in case their core equity defined as the Tier 1 falls below a predetermined fraction of their assets.
Those instruments are in fact “quasi-equity” and are issued as convertible perpetual contingent
debt(COCO), where generally the debt is converted into equity, once a specific event is triggered.
This specific event consist of the equity value a poses then a fixed capital structure (and leverage)
for banks and financial institutions falling under a predetermined threshold expressed as a fraction
of the bank corporate assets. This debt is either at a fixed or floating rate. Additionally, banks
have offered variants of COCOs which encompass a “wipe-off” clause where instead of a conversion
into equity, the entire capital is lost for the investor, the rate of return of the instrument being
priced accordingly.

Those instruments might encompass also a call clause where the issuer can buy back those instru-
ments. In this case, there is an embedded call option which is sold by the investor to the issuer.
From the investor’s standpoint, the introduction of the FTT which triggers an increase in both as-
set and stock price value, generates an additional cost which has to be compensated by the issuer,
generally by increasing the principal amount of COCOs. This in turn creates an additional drop
in the stock price. We will not consider this possible call clause, and therefore the impact we will
compute is in fact the minimum possible effect.

Those new convertible instruments denominated as Contingent Convertible Bonds (”COCOs”) can
be stripped into a perpetual debt issued either at a fixed or floating rate, and a ”call” option sold
by the investors to the issuer. The issuer can then convert the debt into equity in the case the bank
capital falls below a predetermined threshold. Practically, the computation of the price of a COCO
uses the same framework as the one exposed previously in Section I. When the COCOS features a
complete wipe-off possibility, instead, the calculation is then simplified as it consists solely of the
expected value of the futures payment coupons, under the natural risk neutral measure attached
to the diffusion process followed by the share price,

Let’s consider S(t) which designates the value of corporate equity at time t, and D(t) designates
the total amount of corporate outstanding debt, excluding COCOs. We assume for simplicity’ sake
that we have only one issue of COCO. We designate by DD(t) the market value of the COCO debt,
corresponding to the facial value P (t) of the COCO issued.

We designate by r the “risk-free ” yearly interest rate, d is the continuous dividend yield paid by
the stock, and σ designates the stock volatility.

dSt = (r − d)dt+ σdWt (32)

S0 > 0

Let’s compare two situations, one without FTT and one where the FTT has been introduced. We
want to do a static comparison between the two values of the COCOs issued.
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τ designates the first hitting time such that it triggers the conversion of one monetary unit of
COCO into one monetary unit of corporate equity. This time is such that

τ = inf(t;Bt ≤ K)

. K designates the threshold on the equity value such that the conversion is triggered;

The risk neutral valuation of the COCO whose facial value is P and which pays a continuous coupon
C encompasses the coupon payments till the debt is converted into corporate equity at the share
price K.

The pricing of such COCO appears very similar to the pricing of the perpetual debt with an
exogenous threshold triggering the bankruptcy, that we described in Section I.

By the same token as in Section I, the COCO’s coupon payment term writes:

C

r
[1− (

S0

K
)−z]

The payment at the date of exercice is PK. The expectation of such payment under the natural
measure is

PK[(
S0

K
)−z]

where z is computed accordingly to section 1, given that the process S(t) has a drift equal to r−d.
The payment at the date of exercise is in fact similar to the pay-off of a perpetual one touch put
paying PSc in case the barrier K is touched by B(t).

We can therefore express the value DD of the COCO which writes:

DD =
C

r

[

1− (
S0

K
)−z

]

+ PK

[

(
S0

K
)−z

]

(33)

Equation above evidences that the increase in the stock price implied volatility due to the imple-
mentation of the FTT is going to have two antagonistic effects:

• The discounted value of future coupon payments is going to be negatively affected by the
increase in the probability of exercising the COCO;

• The conversion option is going to be positively affected by the increase in the volatility.

This effect will not exist, of course, in a COCO featuring a complete wipe-off clause.

Equation (23) then allows to simulate the generic impact of the increase of the FTT on the corporate
equity of banks, depending upon the capital requirements they have to abide by and the exact
COCOs clauses.

In case of the introduction of the FTT, the value of the COCOs is going to decrease. Consequently,
banks and financial institutions will have to adjust the coupon paid by the COCOs in order to raise
the same amount of cap. Applying the reasoning of section 2.1.1 and equation (19), we find that
the increase in the COCO coupon will lower both the theoretical bank’ value and its equity.

Consequently, the introduction of the FTT will conflict with the implementation of CRD IV. The
FTT will lower the equity value of banks when, at the same time, CRD IV aims to increase the
banks equity.
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5 Conclusion

We have reviewed the possible impact of the European Union Financial Transaction Tax (FTT)
on the theoretical values of corporations and the theoretical prices of their equity shares, as well as
the corporate debt issued and to be issued. The FTT is a particular case of Standard Transaction
Excise Tax (STET) that will apply to all financial transactions taking place within the EU or where
at least one counterpart is domiciled within the EU.

Unlike other works, mostly based on practical surveys of equity prices following the introduction of
a STET in various countries, our approach is micro-economic and based on theoretical models. We
arrive at the conclusion that the introduction of a tax applying to all corporations will have different
effects at the micro-economic level depending upon the capital structure of each corporation.

We assume the existence of capital structure arbitrage between the various cash instruments used
to fund the corporate capital requirements, such as equity and debt. We also consider the existence
of arbitrage between equity and credit derivatives written on corporate equity and debt.

We take into account standard available structural models found in the relevant literature. They
assume a corporate default triggered by the value of corporate asset falling below a fraction of the
outstanding corporate debt. This ”option-like” approach allows us to connect equity and asset
volatility to the corporate credit spread and corporate debt value.

All theoretical prices or values of corporate debt or equity are then valued under the natural risk
measure associated with the corporate asset diffusion process.

We rely upon the results of Chapters I and II to determine the FTT impact on equity share and
corporate asset volatility. In particular the option market used to hedge the credit derivatives
market is not liquid enough to amortize the impact of the FTT on equity share price volatility.

Under these circumstances, we describe the stationary state of a corporation funding its capital
requirements through the issuance of perpetual debt, quasi-equity, equity and fixed-term debt. We
then conduct comparative statics to estimate the effects of the introduction of the FTT, depending
upon leverage, asset volatility, risk free rate, credit spread and corporate tax rate.

We find that the introduction of the FTT will generally tend to lower the corporation’s value, the
price of corporate equity shares as well as the market value of the corporate debt. Those conclusions
are in line with various practical studies, such as Umlauf (1993) and Saporta and Kan (1997), based
upon the experience of the actual introduction of an FTT in Sweden and the United Kingdom. In
addition, we find that the magnitude of the negative impact is going to increase with the level of
the risk-free rate.

We further find that this impact is going to be affected by the corporate tax rate and the duration
of corporate debt used to raise capital. For corporations raising capital through intermediate debt
(1 to 15 years), the impact is going to be lower in countries with a lower corporate tax rate.
However, corporations raising capital through perpetual debt in countries with a lower tax rate
will experience a higher decrease of their theoretical equity share price than the ones located in
countries with a higher tax rate. Consequently, even if the FTT is introduced at the same time in
all European Union countries, the differences in country corporate tax rates will induce competitive
distortions within the EU when it comes to the corporate cost of funding.

We also demonstrate that those corporations with the most volatile share prices will generally
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experience a stronger decrease of their corporate equity price and overall value. The negative impact
will often increase with the corporation’s leverage. However, we find that for highly leveraged
corporations with high asset volatility that issue debt with high credit spreads, the impact on
corporate share price will be in fact positive, though the impact on overall firm’s value will still be
negative. In fact, we reproduce the results found by Leland and Toft, evidencing an agency effect
in that the shareholders of corporations issuing junk bonds benefit from an increase in the riskiness
of the assets. We conclude that the introduction of the FTT will produce some adverse selection
bias in favor of risky corporations and behavior.

We find also a dependency between the return on equity and the impact of the introduction of the
FTT. In theory, for very high values of ROE, the impact on the equity share price might be positive.
However, we find that for common values of ROE and leverage, the impact will be negative. We
determine theoretically, an ”envelope” of parameters such as ROE, leverage, credit spreads, within
which the introduction of the FTT will lead to lower equity share prices. For instance, we find that
such is the case for most companies in the French CAC 40 benchmark.

We apply those theoretical results to a sample of 6 European Union corporations, from both
financial and industrial sectors, and evaluate the magnitude of the drop in equity share price values
and corporate debt.

We find that our results are in line with results taken from the existing literature, and based upon
empirical reviews of stock market prices, following. for instance the introduction of a STET in
Sweden or the United Kingdom. We find a negative impact on the stock prices, and the magnitude
of this effect seems comparable to the ones measured respectively in Umlauf (1993), Westerholm
(2003), Saporta and Kan (1997),Hawkins and McCrae (2002).

We then consider the possible interaction between the FTT and the new dispositions introduced by
the new CRD IV regulation (Basel III) on minimum capital requirements for banks and financial
institutions. As a consequence of these requirements, banks and financial institutions must issue
debt convertible into equity or quasi-equity in case their equity falls below a predetermined thresh-
old. Considering this debt is issued either as intermediate fixed-term bond or perpetual debt, we
find that the introduction of the FTT will conflict, in this particular context, with the enforcement
of the CRD IV regulation. In fact, the introduction of the FTT will lead to a decrease in the value
of the banks equity at the same time the regulation seeks an increase in this same equity.

Finally, we find that the general decrease in corporate share prices following the introduction of an
FTT will lead in the long run to an increase in the volumes of equity shares issued by corporations
to raise capital.
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Study of the effect of a Financial Transaction Tax on the corporate cost of
capital

Jean Pierre Fraichot

LEDa, U. Paris Dauphine, PSL Research University, Paris, France

ABSTRACT

We study the impact of a Financial Transaction Tax (FTT or Tobin Tax) on the corporate cost of
capital. We consider the results on the impact of transaction costs on implied volatility and then use
the utility maximization of a market-maker and its asymptotic solution. The FTT impact on volatility,
in highly liquid equity option markets, is within two decimals (‘the tick value’) and is insignificant.
The volatility impact is considerable for illiquid option markets especially long-dated equity
options, used for the hedging of credit default swaps (CDS). The credit spread increase is computed
using a structural model, and amounts between 30 and 60 basis points (b.p). per annum, for 5–
20 year maturities, and a volatility level of 30%. The impact decreases with the corporation leverage
ratio. We calibrate from the CDSmarket the implied volatility for six European corporations and find
an increase in spreads by up to 60%. For a corporation with a 343 b.p. 5-year CDS spread, the
increase amounts to 174 b.p. On the basis of this sample, the impact we find is between 5 and 20
times higher than the one computed in the study of Lendvai et al. which has been used by
European Union authorities to assess the impact on the cost of capital.

KEYWORDS

Tax reform; options;
volatility; liquidity; credit
spread
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I. Introduction

In 1972, the Bretton-Woods agreement came to an end.

Foreign currencies were allowed to float freely between

one another, creating volatility on the foreign exchange

markets. Observing this phenomenon, James Tobin

introduced the concept of a tax on foreign exchange

transactions to curb excessive speculation. The idea

behind the proposal of such tax was that a transaction

tax might reduce short-term speculative trading and

excess volatility on the foreign exchange market. In

fact, James Tobin was adapting an idea proposed by

John Maynard Keynes during the Great Depression for

securities markets, which consisted of a transaction tax,

also designed to curb excessive speculation. In the years

following the stock market crash of 1987, Stiglitz and

Summers and Summers did revisit Keynes’s original

idea and proposed the introduction of a low-rate

broad-based ‘Securities Transaction Excise Tax’

(STET). They argued that the tax should apply to all

financial instruments, including debt instruments and

derivatives, as the exemption of such instruments would

create strong distortions in the corporate capital struc-

ture. It should be levied, they reasoned, at a low rate as

not to discourage arbitrageurs and long-term investors,

which are useful to the economy.

We focus here on the particular case of the

European Financial Transaction Tax (FTT) imple-

mentation project. Both securities and foreign

exchange transaction taking place in the European

Union (EU) or performed by financial institutions

domiciled in the EU would be subject to this tax.

Consequently, the FTT project appears as a hybrid

between a STET of the type suggested by JM Keynes, J

Stiglitz and Summers and Summers and the Tobin tax

of the type suggested by J. Tobin in the early 1970s.

There are quite a few empirical contributions ana-

lysing the effect of a STET on capital costs. However,

few theoretical studies (based on general equilibrium

models or other theoretical tools) assess its impact on

the real side of the economy. In general terms, the

scarce existing literature finds that the STET affects

economic variables through the transmission of capi-

tal costs. See Lendvai, Raciborski, and Vogel (2012),

Anthony et al. (2012) and Oxera (Stamp Duty 2007).

The effects on corporate capital costs of the introduc-

tion of a STET for US markets have been reviewed
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(Amihud andMendelson 1991, Hakkio 1994, Matheson

2003, among others). Amihud and Mendelson did con-

clude to a decrease in asset prices due to the fact that

investors consider the net present value of future trans-

action costs when pricing financial assets. Empirical

studies have focused on the experience of various coun-

tries that have tried and implemented different types of

STET, such as the United Kingdom (Saporta and Kan

1997, Hawkins and McCrae 2002, Oxera (Stamp Duty

2007)) and Sweden (Umlauf 1993, Westerholm 2003).

The literature concludes that taxes on securities transac-

tions would be associated with a decrease in asset prices

and an increase in the cost of capital.

For Sweden, Umlauf reports that the Swedish All-

Equity Index fell by 2.2% on the day a 1% transaction

tax was introduced in 1983 and again by 0.8% on the

day it was increased to 2% in 1986. Westerholm con-

cludes that the repeal of the tax would lead to an

increase of respectively 7.5% and 9.7% in the stock

prices. He further estimates the elasticity of asset prices

to transaction costs, defined as bid-ask plus brokers

fees and transaction taxes, and finds an elasticity of

−0.20 for Sweden and −0.21 for Finland.

Studying the effects of the introduction of a stamp

duty in the UK, Saporta and Kan find that on the

day the stamp duty was increased from 1% to 2%,

the stock market index declined by 3.3%. Hawkins

and McCrae find that if the stamp duty was to be

repealed, the stock price increase would be up to

12.5% and be directly related to the volumes and

inversely related to the dividend yield of the stocks.

For the particular case of the FTT, a study by

Lendvai et al. found, using a general equilibrium

model (Lendvai, Raciborski, and Vogel 2012), that

the FTT would increase the corporate cost of capital

by 9 basis points per annum.

Our study retains the exact specifications of the FTT

as stated in the EU project. We try, however, to gauge

the quantitative impact of the FTT on the corporate cost

of capital through a different approach.We consider the

possible effects of the FTT on the corporate cost of

capital by using the connection between credit default

swaps (CDS) and equity derivative markets through

capital structure arbitrage. This arbitrage consists in

taking advantage of the value differences between dif-

ferent financing instruments of the same corporate

entity, and finds its justification in the Modigliani–

Miller proposition. Our approach aims at capturing

the cascading effects of the FTT, especially on the

hedging and transaction costs incurred by the economic

agents involved in such arbitrage.

We consider that a uniform taxation disposition can

induce heterogeneous responses at the micro-economic

level, depending upon the specifics of any given corpo-

rate entity and its micro-economic characteristics.

We review the possible impact of the FTT on the

prices quoted by option market-makers. Our aim is

to derive a possible impact of the FTT on volatility

that could propagate first to the credit derivatives

market, as equity options can be arbitrated against

CDS or used for hedging. We conclude that the

response to the FTT will indeed be heterogeneous

and depend mainly upon the corporate balance sheet

structure, as well as the initial conditions prevailing

on the credit derivatives market. The impact will be

lower on highly leveraged corporate entities than on

entities with low leverage, and it will increase with

corporate debt maturity. The impact will be higher

for companies with poor ratings and high credit

spreads. Numerically the range of the possible

responses to the FTT is very wide.

Our results differ widely from the review done by

Lendvai et al. which has been used by the European

Commission and which concludes to a 9 basis points

per annum increase in capital costs.

Our study points to more radical effects in some

particular cases than those found by empirical

reviews (Saporta and Kan 1997, Hawkins and

McCrae 2002, Oxera (Stamp Duty 2007)), all of

which consider mainly stocks.

Our conclusions suggest that, even if the FTT were

introduced in the EU and targeted financial institu-

tions, its effects go well beyond the EU borders. For

instance, considering the case of Arcelor Mittal, a

well-known steel maker, the potential increase in its

corporate cost of funding would literally prevent this

entity from finding competitive financing. This would

create a strong distortion in competitiveness, poten-

tially threatening its very existence, since its main

competitors are based outside the EU.

Consequently, the article is organized as follows:

Section II is dedicated to measuring the effect on

implied volatility of increased transaction costs, depend-

ing upon the liquidity of option markets considered.

Section III, considers the impact of the implied volatility

on the CDS market, include numerical simulations

using the calibration of a credit structural model, then

concludes.
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II. Volatility

Replication and cost of hedging in the presence of

transaction costs

The FTT is an additional transaction cost. According to

Leland (1985) and Boyle and Vorst (1992), option mar-

ket-makers have to bump the volatility of the options

they are selling, to accommodate for the expected costs

of future hedging transactions. These costs occur

because option portfolios are (delta) hedged against

the share price variations using a replicating portfolio

consisting of shares and cash. This hedge is adjusted

frequently, as the share price movements affect the

number of shares to be either sold or purchased.

This adjustment exposes the market-maker to the

cascading effects of the FTT assessed on transactions on

the shares and therefore generates significant expenses.

Furthermore, the FTT provisions include a taxation of

stock lending and borrowing operations, repurchase

agreements and reverse repurchase agreements which

are necessary to fund the replicating portfolio. This

disposition affects mainly cash equity options.

Because of the specific provisions of the FTT, we can

expect that for index options, the impact will be sig-

nificantly less. This is due to the fact that, in the case of

Index options, the replicating portfolio consists of cash

and Index futures contracts whose ‘round-trip’ FTT

tax rate is 0.02% of the notional amount, instead of

0.2% for cash instruments. Furthermore, the funding

of futures consists of funding initial margins and mar-

gin calls which represents only a fraction of the amount

to fund for cash derivatives.

Leland (1985) finds an impact of transaction costs

linked directly to the frequency of re-hedging of

option replications portfolios. Boyle and Vorst

(1992) find a different rule based on a threshold

for the variation of the underlying asset. The replica-

tion portfolio is rebalanced every time the relative

variation of the underlying asset, since the last re-

hedging, is over this threshold.

k designates the round trip transaction cost expressed

in percentage of the underlying asset value. σ0 designates

the modified volatility. The respective impact on

implied volatility, depending upon the two different

rules, is written as follows:

(1) In the Δt rule, which consists of systematic re-

hedging the portfolio when the Δt time

elapsed since the last re-hedging equals Δt.

σ02 ¼ σ2 1þ
k

ffiffi

ð
p

2Þ

σ
ffiffi

ð
p

πΔtÞ

" #

(2) In the ν based Δs rule, where the systematic

re-hedging occurs every time the variation of

the underlying asset, Δsis greater or equal to a

predetermined threshold ν.

σ02 ¼ σ2 1þ
k

ν

% &

According to authors such as Taleb (2001), the Δs rule

is more efficient than the Δt rule. Especially, it proves to

be more conservative from a risk perspective and allows

for better preservation of the market-maker’s capital

and its impact on volatility is higher than for the Δs.

For a given level of volatility, this multiplier is con-

stant. For instance, assuming a volatility level of 40% per

year, the multiplier ratio between a daily re-hedging

frequency and a 2%-based re-hedging strategy amounts

to 1.56. For simplicity’s sake, we will use this multiplier

going forward. This will allow us tominimize numerous

calculations. We will then multiply the impact by the

adequate number in order to get the impact on volatility

using Δs rule.

The variables to consider are either the frequency of

re-hedging (Leland 1985) or the underlying asset varia-

tion threshold (Boyle and Vorst 1992) triggering the

rebalancing of the delta hedging portfolio. Both formu-

lae consider the level of volatility as the other input.

Assuming that the FTT generates an additional 0.2%

roundtrip transaction cost on both sales and purchases

of the underlying cash equity, the application of both

formulae gives the following results in terms of volatility

increase.

This volatility increase is computed under the

assumption that the option position sold by the mar-

ket-maker will be held until the option maturity. As a

result, this effect as computed below is the maximum

possible effect of the FTT that a market-maker will

transmit to the market by an increase in the volatility

of an option sold onto the market.

For index options, where we can assume a 0.02%

roundtrip transaction cost, the magnitude of the impact

will be 10 times lower as both the Leland and Boyle and

Vorst formulae retain a volatility impact that is itself

proportional to the rate of the roundtrip cost (Table 1).

Table 1 shows the increase in the implied volatility

traded on option markets expressed for a market-

maker selling an option on a cash equity, it will have

APPLIED ECONOMICS 3

D
o

w
n

lo
ad

ed
 b

y
 [

Je
an

 f
ra

ic
h

o
t]

 a
t 

0
2

:1
7

 1
9

 S
ep

te
m

b
er

 2
0

1
7

 

16!



to carry until maturity. According to both Leland and

Boyle and Vorst, a market-maker buying an option on

cash equity and carrying the position until maturity will

have conversely to decrease the volatility it will quote to

accommodate for the expected hedging costs.

FTT volatility impact depending upon market

structure and liquidity

Low liquidity option markets: a rule of thumb

We consider here equity option markets with a low

liquidity. Generally, such markets rely heavily upon

a ‘human’ market-maker network. Those markets

can be opposed to ‘auction exchange-based’ markets

ruled by ‘automatic robot trading’.

Let us assume that the cost of carrying one unit of

inventory until maturity (‘frozen inventory’) is Xt

which can be computed according either to Leland or

Boyle andVorst rules if we assume a constant volatility.

Let us assume as well that the market-maker has some

knowledge of the market demand for options. In that

case, it knows the function ðT & t0ÞðqÞ which is the

average expected time to unwind q units of short

inventory.

A good ‘rule of thumb’ for the market-maker is to

compute its total cost by discounting or averaging the

total inventory cost on the time needed to unwind it into

the market. Furthermore, the market-maker will seek to

minimize its expected inventory costs by finding oppo-

site interests in the market.

For doing so, the market-maker which carries a

short inventory of q units will quote aggressively on

the buy side. It will bump its reservation price for

each unit of the inventory q by a quantity up to

xt ¼
XtðT & t0ÞðqÞ

T & t

It will quote bt ¼ rt þ xt for each unit of its inventory.

In other words, the market-maker will purchase

insurance against being short by buying options at a

competitive price up to bt þ xt. It will give

immediately xt to the market in exchange for off-

setting the expectation of its inventory risk which is

also xt.

In such case where themarket-maker is short inven-

tory, it will quote the bid-ask interval ½bt þ xt; at þ xt(.

By the same token, when it will carry a long inventory,

it will quote the bid-ask interval:

½bt & αt; at & αt( with αt ¼
YtðT & t0ÞðqÞ

T & t

Let us consider, now, the equity option markets

dominated by market-makers. In a nutshell, those

option markets are such that the market-makers are

the main sellers against the rest of the market, and

carry at all times, a short inventory. By applying the

‘rule of thumb’ described earlier, we can see that the

increase in the FTT will generate an upward shift of

the reservation price of the option, because the mar-

ket-makers are structurally short and need to offset

their inventory in the market. This increase in the mid

(reservation) price of the option will be consistent

with an increase of the implied volatility mid-price.

The FTT impact on liquid option markets

Let us consider now highly liquid markets which are

generally based on ‘auction exchange’ based and ani-

mated by automated ‘robot’ trading, especially ‘high-

frequency’ trading. Such markets are opposed to the

broker-based markets discussed earlier which are

‘human-based’. They are characterized by a very high

liquidity. This allows the presence of high-frequency

traders as well as the possibility of placing ‘limit’ orders

in the market. The market-making behaviour in such

markets can be described by the Hamilton Jacobi

Bellman (HJB) equation (see Ho and Stoll 1980) which

describes the maximization of the market-makers’s uti-

lity function depending upon its terminal wealth. Such

markets have been abundantly studied in the literature.

According to the results established by Avellaneda and

Stoikov (2008), it is possible to have a simple asymptotic

expression of the prices quoted by the market-maker.

Asymptotic approximation of Hamilton Jacobi

Bellman equation solution. We follow the steps of

Avellaneda and Stoikov (2008) who have provided

an asymptotic solution for the price quoted by any

market maker in a highly liquid market.

Assumptions. (a) dSt ¼ σWt where Wt is a standard

Wiener process and σ is the constant volatility.

Table 1. Volatility increase for a short (cash) equity option position
depending upon the re-hedging rules (initial volatility: 40%).

Hedging rule No repo tax Repo tax Index options

Δs ¼ 0:01 7.32 14.5 0.732
Δs ¼ 0:02 3.82 7.5 0.382

Δs ¼ σ

ffiffi

ð
p

ΔtÞ 4.26 8.5 0.426

Δt ¼ 1=252; Daily 2.46 4.85 0.246
Δt ¼ 1=ð2) 252Þ; twice a day 3.44 6.8 0.344
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(b) The market-maker maximises its expected

utility function:

vðx; s; q; tÞ ¼ Et½&expð&γðxþ qTÞÞ(

where x is the market-maker’s initial capital, and γ is

the market-maker’s risk aversion coefficient (γ ¼ 0

meaning it is risk neutral). We note q the number of

units in the market-maker’s inventory, and T is the

time horizon on which the market-maker considers its

maximization program.

(c) Trading intensity is defined as the Poisson pro-

cess intensity λðδÞ at which a ‘limit’ order will be

executed as a function of its distance δ to the mid-

price quoted by the market-maker. The frequency of

market-orders is constant. In this model and in ‘real

life’, the closer the ‘limit’ order is to the mid-price, the

better is the chance to have this order executed.

d. The distribution of the size of market-orders

obeys a power law such that

dPQðxÞ ¼ K1x
&ð1þαÞ

where K1 is a constant.

Δp ¼ K2 logðQÞ

where Δp is the absolute price change following a

market order of size Q.

Results. Then according to Avellaneda and Stoikov

(2008), the solution of the market-maker’s optimiza-

tion program at time t for the horizonT is as follows, in

terms of bid-ask spread and reservation (mid) price.

● Reservation price is given by

rðs; tÞ ¼ s& qγσ2 ðT & tÞ
● Bid-ask spread at time t is

δa þ δb ¼ γσ2 ðT & tÞ þ
2

γ
lnð1þ

γ

k
Þ

with k ¼ Kα and σ2ðT & tÞ is the cost incurred by

the market-maker, if it carries the position until

maturity. Clearly, this is an opportunity cost, as the

market-maker is exposed to the market risk without

having the opportunity to unwind its position.

Finally, 2
γ
ðlnð1þ γ

k
Þ measures the price impact of

the market-maker’s quote on the market.

Application to liquid option equity markets.

Through these two equations, we can assess the

impact of the introduction of the FTT on the prices

quoted by market-makers in order to derive any

possible effect on the implied volatility.

Synthetic stock market-making. Applying directly

HJB to the option would prove difficult, as we would

need to determine the volatility of the call option itself.

Instead, we apply the HJB asymptotic solution

described earlier to the long synthetic stock position

consisting in buying a call and selling a put. From the

definition of a synthetic stock, it follows immediately

that the bid-ask spread on the synthetic is twice the

bid-ask spread on each of the two options.We consider

at themoney forward options. The Black–Scholes vola-

tility of the synthetic stock is equal to the volatility of

the cash stock. We assume that the bid-ask spread is

the same for the call and the put.

a. Opportunity costs:

Consequently, the full opportunity costs after

impact of the FTT on the synthetic stock, in the

case the synthetic is held until maturity is

2γσ2A ðT & tÞ, where σA represents the modified

‘Normal’ volatility according to Boyle and Vorst.

According to HJB framework, the term ðT &

tÞ represents the time horizon on which the

market-maker maximizes its expected uti-

lity. We will consider that T & t represents

the time needed by the market-maker to

find opposite interests in the market, and

unwind its inventory position.

b. Market price impact and fiscal arbitrage
2
γ
ðlnð1þ γ

k
Þ measures the price impact of the

quote on the market.

One can expect that because the synthetic is

taxed at 0.04% of the notional (roundtrip), this

will impact the demand for synthetic stocks

and decrease the volumes. In that case, the

impact of one additional unit will be less

diluted because of the volume decrease. All

things being equal, this should increase the

price impact.

Conversely, we consider that the difference

in tax rates between cash products (taxed at

0.4% roundtrip, if we consider the repo taxa-

tion) and the equivalent derivatives products

(0.02%) should allow a fiscal arbitrage and a

massive transfer from cash products to delta

one products such as synthetic stocks or

futures. As a consequence, delta one markets

APPLIED ECONOMICS 5

D
o

w
n

lo
ad

ed
 b

y
 [

Je
an

 f
ra

ic
h

o
t]

 a
t 

0
2

:1
7

 1
9

 S
ep

te
m

b
er

 2
0

1
7

 

16!



including synthetic stocks should record a

strong increase in the volumes. Therefore, the

term 2
γ
ðlnð1þ γ

k
Þ should be assumed to be con-

stant or decreasing.

c. Fiscal arbitrage and delta one products

Because of the massive development of delta

one products, especially synthetic securities

and futures, we can expect in fact a further

reduction of the bid-ask spread on synthetic

securities. This reduction will occur because of

the increased liquidity on the delta one mar-

kets and can be estimated using the asymptotic

approximation of the HJB equation. The trans-

fer of transaction from cash to delta one trades

will not increase the overall volumes of trans-

actions on the ‘whole’ equity market consisting

of cash and delta one derivatives for the same

product, because it will merely consist in a

substitution.

Using the asymptotic HJP approximation,

we are looking for a reduction of (T − t), the

time needed to unwind a synthetic position,

which will offset the 0.02% tax effect on the

Bid-ask price.

If σNA is the normal volatility of the underlying

asset after transaction costs, we proxy the corre-

sponding log-normal volatility by σA ¼ σNA=S0.

This is

γσ2ΔðT & tÞ S20 ¼ 2τS0

We can see that a reduction of 1% of the time

to unwind a synthetic security in the market

would allow the offset of 0.02% increase on the

bid-ask due to the FTT, for one monetary unit

of underlying share. This reduction in bid-ask

spreads should allow market-makers to quote

option prices without adding the 0.01%

increase in the bid-ask spread due to the FTT.

d. Consistency between the HJB approach and

the ‘rule of thumb’

We can try to calibrate the ‘HJB’ equation,

using the ‘boundary condition’ that the HJB

solution must respect in case the inventory is

held until maturity. In that case, we can com-

pare the results to the Boyle and Vorst

calculations.

From the bid-ask spread formulation, we

get δa þ δb ¼ γσ2 ðT & tÞ.

If σNA is the normal volatility of the under-

lying asset after transaction costs, we proxy the

corresponding log-normal volatility by

σA ¼
σNA
S0

then

ΔσA ¼
γ σ2a&σ2½ ( T&tð ÞS20½ (

2
¼ Vega S0;K; σT; tð Þ σA & σð Þ

Vega S0;K; σT; tð Þ ¼ S0σ T & tð ÞΓ S0;K; σT; tð Þ

then

ΓðS0;K; σT; tÞ S
2
0σðT & tÞðσA & σ Þ

¼
γ½σ2a & σ2(ðT & tÞ

2
S20

This simplifies into:

γ ¼
2ΓðS0;K; σT; tÞσ

ðσ þ σAÞ

Interpretation. The preceding relationship is valid

when σA tends towards σ then ΓðS0;K; σT; tÞ ¼ γ,

where γ designates the risk aversion of the market-

maker. Therefore, we find a very interesting propo-

sition regarding the maximization of the option

market-maker’s utility function.

Proposition 1. Let us consider

(i) an option market-maker on specific strikes

and maturities for a given underlying asset

(ii) this market-maker maximizes the following

utility function

vðx; s; q; tÞ ¼ Et½&expð&γðxþ qTÞÞ(

(iii) the asymptotic estimation from Avellaneda

and Stoikov (2008) is valid in the option

market considered

Then the risk aversion γ coefficient to consider in

the market-maker’s utility function is exactly the

corresponding Γ of the option.

Quantitative estimation of the FTT impact on mar-

ket-maker’s quotations using the asymptotic approx-

imation of HJB. We assert that the FTT has no

significant effect on the quoted option price if the

price modification of the option is within the ‘tick’
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size. Practically, this means that than the first two

decimals of the option price are not affected.

For instance, let us consider a Black–Scholes vola-

tility of 30% with FTT transaction costs driving the

volatility up to 35% if the inventory is held until

maturity. The synthetic stock stays the same (within

two decimals), for example, if the time to unwind the

position less than 1/6th of a trading day and if we

have γ ¼ 0:09;S0 ¼ 100; C ¼ 50;P ¼ 50.

Therefore, we find no significant impact on the bid-

ask volatility spread for the options, if there is enough

market depth. Practically, we can see in Table 2 that for

options with short maturities the time to unwind the

position has to be itself very short in order to have an

insignificant FTT impact (within 2 decimals on the

price of call or put options). For instance, for options

with up to 6-month maturity, the time to unwind the

market has to be less than a quarter of a day.

III. Structural models and equivalence between

corporate financial instruments

‘Convertible arbitrage’ strategies consist in trading a

convertible bond, either against the equity or a dis-

count bond of the same corporate issuer. This concept

has been further extended into the concept of ‘capital

structure arbitrage’, now a market standard, which

consists in arbitraging various financing instruments

of the same corporation. The justification for this

arbitrage is explicit in Modigliani–Miller’s work. As a

consequence of the developments of capital markets,

and also because of the Modigliani–Miller’s justifica-

tion, equity derivatives, credit derivatives and corpo-

rate bond markets are all interconnected. Equity

volatility and corporate credit spreads can be arbi-

traged against each other. This arbitrage can be used

for hedging purposes. For instance, economic agents

insuring the credit risk on a specific issuer through a

CDS might hedge their exposure by buying a put on

the corporate equity share. The put option will have to

match exactly the CDS maturity.

Merton’s original structural model and further

developments: option on corporate assets

In the Merton’s original model, the shareholders

own the corporate entity and owe the corporate

debt to the firm creditors. In case of a bankruptcy,

they ‘walk away’ from their debt by abandoning the

assets to the creditors. This possibility is in fact a put

option on the corporate assets whose strike price is

the facial debt value. The corporation’s debt value is

the value of its assets in excess of the equity.

Corporate shareholders are then long of a put option

written on the corporate firm assets. According to

the call put parity relationship, this is equivalent to

be long of a call on the assets whose strike price is

the face value of the corporate debt. Conversely,

corporate creditors are short of the put option on

the assets described above.

Further developments of this structural model

were introduced by Black and Cox (1976), developed

later by Leland (1994), then by KMV (Vasicek 2012).

According to these authors, an event of corporate

default occurs when the asset value of a firm crosses

a predetermined threshold (‘default barrier’).

Assuming the asset value is A, the default of any

given corporation will occur whenever the asset value

A falls below an amount LD which is the product of

the facial debt and the fraction L of debt which is

recoverable by the creditors through the corporate

liquidation process. Consequently, the occurrence of

a corporate default can be directly related to the path

followed by the corporate assets value and a barrier

option written on the corporation assets (a put

option). This put ‘asset’ option is in fact an

‘American Reverse Down and In Put Barrier option’

because it has a barrier feature and the barrier is less

Table 2. Impact of the FTT in terms of bid-ask spreads on cash equity option prices for various tenors (in days) and unwinding times
(market depth-in fractional days and days) using HJB framework.

Maturity Gamma 0.08 0.1 0.25 0.5 0.75 1 2

5 0.10 0.0099 0.012 0.031 0.06 0.092 0.1234 0.2467
21 0.046 0.0047 0.0059 0.001500 0.0030 0.0045 0.06 0.1188
63 0.0265 0.0027 0.0034 0.0086 0.0171 0.0257 0.0342 0.068
126 0.0187 0.0002 0.0024 0.0060 0.0121 0.0180 0.0241 0.0482
252 0.0131 0.0014 0.0002 0.0042 0.0085 0.0127 0.01690 0.0338
378 0.011 0.0007 0.0009 0.0023 0.0046 0.0068 0.0091 0.0182
504 0.0091 0.0005 0.0006 0.0015 0.0029 0.0044 0.0059 0.012
756 0.0073 0.000251 0.0003 0.0008 0.0016 0.0024 0.0031 0.0063
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that the strike, and it is activated when the stock value

reaches a certain level consistent with LD.

We assume the fact that the value of assets follows

a stochastic diffusion process:

dAt ¼ μ dt þ σadW
t
a

Then the default time is in fact the first hitting time of

a Brownian motion process (hitting A = LD), whose

computation is well established, once the drift and the

volatility of the diffusion process are known.

This concept is largely used nowadays in the

credit markets. For instance, some instruments

such as collateralized debt obligations retain a notion

of default for any given corporate risk, which is

defined in terms of the corporate equity share

value dropping below a predetermined threshold.

However, the structural model and its further devel-

opments consider the asset volatility which is not

directly observable on the market and which has to

be derived from the equity volatility and the cor-

poration’s balance sheet structure.

Impact of the FTT on the corporate credit spreads:

mechanism at play

We can deem that economic agents selling protec-

tion on the credit default for any given corporation

will try to hedge or arbitrage against this risk by

buying a put option on the corporate equity.

Because equity option markets are illiquid for matu-

rities beyond 3 years, according to section II, we can

expect an increase in the implied volatility of options

sold by market-makers. This is indeed the sell side

that matters because we are in fact considering the

necessity to buy a Put option from a market-maker.

Furthermore, it may happen, that there is no

existing option market at all for the given maturities

concerned. In that case, the economic agent selling

protection will try to replicate the pay-off of a Put

option by building a replicating portfolio consisting

of going short of the adequate number of shares. The

agent will then adjust the number of shares as a

result of the underlying share price moves. Finally,

the economic agent will incur the same costs gener-

ated by the FTT, which are computed according to

Boyle and Vorst.

In order to assess the impact of the FTT on

corporate credit spreads, using the option barrier

framework set forth above, we will consider a stan-

dard model by the name of CreditGrades established

initially by Finkelstein et al. (2002) and which is

widely used in today’s markets.

The CreditGrades model

JP Morgan implemented in 1999 a service called

CreditGrades (Finkelstein et al. 2002) and began using

this approach, using a structural model of the corpora-

tion. In a nutshell, this tool deducts corporate credit

spreads for CDS for both the company’s asset volatility

and leverage, using a Black and Cox structural model

approach, and results established by various authors (see

Lardy 2001, Musiela and Rutkowski 1998).

Assumptions

The following assumptions are quite standard1:

a. The corporate asset value Vt evolves as a geo-

metric Brownian motion process dVt

Vt
¼ σAdWt.

b. Wt is a standard Brownian motion process σA
is the asset volatility.

c. The recovery rate L follows a log-normal dis-

tribution with mean L and standard deviation

λ. Corporate debt is Dt default does not occur

as long as Vt > LDt

d. Assumptions (b) and (c) imply that default

does not occur as long as at the following

condition holds:

V0 exp WtσA &
1

2
σ2At

' (

> LD expðλ& λ2t =2Þ

Because of the preceding equation, assessing the

probability of a corporate default comes to evaluate

the first hitting time of the Brownian motion process

followed by the corporate assets value. By using this

distribution, it is possible to derive the survival

probability of a corporation as in Musiela and

Rutkowski (1998) and then compute the implied

par spread value of the corresponding CDS as

described in Rubinstein and Reiner (1991). The

CreditGrades model uses those results by linking

the Credit swap spread insuring against corporate

default and the corporate asset volatility.

1See Finkelstein et al. (2002).
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Credit and equity derivatives market: equivalence

between asset and equity volatility

Corporate asset volatility is not directly observable in

the market. Therefore, one must perform a necessary

calibration, for example, to equity volatility. For a

given corporate balance sheet structure, it is possible

to derive from boundary conditions fulfilled by both

equity and asset volatilities, a useful relationship

between these two variables. This has been done by

various authors such as KMV (Vasicek 2012) or JP

Morgan (Finkelstein et al. 2002). It can be shown

(see Finkelstein et al. 2002) that the relationship

between asset volatility σA and equity volatility σ is

as follows:

σA ¼
σS

ðSþ LDÞ

Generic impact of the FTT on CDS spreads

depending upon corporate balance sheet structure

We consider a ‘generic’ corporation whose equity

implied yearly volatility is 35%. We assess first

the impact of the FTT on this volatility using our

Boyle and Vorst framework. We apply the vola-

tility level ‘bump’ on the sell side of options,

having in mind that the agents selling credit

default protection will hedge their positions by

buying equity Put options to market makers. We

then derive, using CreditGrades, the subsequent

generic impact on the CDS spread. Depending

upon the corporation’s balance sheet structure,

this volatility level leads to various credit spreads.

As discussed earlier, in case there are no existing

market-makers, the economic agents will try to

recreate a put by replicating a portfolio consisting

of shares and cash. In that case, they will incur the

same cascading cost effects linked to the FTT, as the

ones computed in the LBV framework. The results

are set forth in Table 3.

Quantitative impact of the FTT on CDS spreads by

credit model calibration

We consider, now, a set of six corporations listed on

European stock exchanges (Axa, Michelin, Arcelor

Mittal, Alsthom,Commerzbank and Unicredit). These

companies are financial or industrial companies that

have both an active CDS market and a liquid equity

option market, till a maturity of three years. We

observe the CDS spreads level for the 5-year tenor.

Using the CreditGradesmodel and a standard assump-

tion on the recovery rate characteristics (average 0.5

and SD 0.50), we derive the implied equity volatility

which is consistent with the 5-year CDS spread levels.

This gives us a starting point in terms of credit spreads.

Assuming that the equity option market for 5–

20 years is illiquid, we apply our results about the

FTT impact for nonliquid option markets. We com-

pute a theoretical impact on the ‘asked price’ of implied

volatility quoted by option market-makers, for selling

Put equity options. We then assume a flat volatility

forward curve for 5 years and beyond. This effect is

computed according to a Boyle and Vorst (1992) cal-

culation assuming a 1%-based Deltas rule. We use a

favourable, assumption on the repurchase agreement

taxation which is that every operation would be taxed

at 0.2%, even if the operation is rolled over on several

days. Should this assumption fail, and for instance the

repo operations be taxed every time they are rolled

overnight, we would have to consider that

Replication portfolio should be funded at an unsecured

deposit rate which is generally higher. This would

increase the impact of the FTT on volatility.

We do not consider any impact of stochastic volati-

lity because of the difficulty of calibration of any sto-

chastic volatility model, in the absence of available

quotes on the option markets for the 5-year maturity.

For the two above-mentioned reasons, our calculation

represents a minimum of the possible impact on

quoted volatility and therefore on credit spreads.

We find (compare Table 4) that the FTT triggers a

substantial increase in the cost of funding for these

corporations. For the three financial institutions (Axa.,

Commerzbank and UniCredit), the impact seems to be

much lower than for the three industrial companies

(Alsthom, Arcelor-Mittal and Michelin). For the three

financial institutions, the impact ranges between 27 and

47 basis points per annum, which represents between

Table 3. FTT impact on corporate debt cost in basis points per
annum for various balance sheet structures, CDS recovery
rate:0.4; global recovery rate: 0.5.

Tenor × debt/share 0.5 1 2 3 4 5 10

5Y 40 53.7 58.2 54 50.4 46.2 33.1
10Y 50.9 57.7 57.1 53.1 58.8 54.9 32.8
15Y 54.1 57.5 55.4 51.3 57.3 53.8 32.5
20Y 54.6 56.4 55.4 49.8 46.1 42.8 32.3
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20%and 50%of relative increase of the credit spread. For

the three industrial companies, the increase in the credit

spreads ranges from 56 to 174 basis points, and for

Michelin and Alsthom is consistent with a doubling of

the credit spread at 5 years.

The results compare to the analysis performed by

Lendvai, Raciborski, and Vogel (2012). This study

uses a general equilibrium model and concludes that

the introduction of the FTT would lead to an increase

of 9 basis points per annum of the cost of capital for

European corporations. By contrast, we find an

impact that is between 5 and 20 times more, and

which depends upon the balance sheet of the corpora-

tion considered, as well as the implied volatility of its

equity shares (recall that our calculation is based

upon a lenient assumption on the final decision

about the taxation of stock lending and borrowing).

Because of the connection between CDS and cor-

porate bond markets through ‘basis arbitrage’, this

increase is likely to propagate to the bond market.
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UniCredit 188.9 0.228 0.2698 26.39 27.42 27.24 26.61
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Résumé 

Mots Clés 

Abstract 

Keywords 

La thèse étudie les effets du projet européen de 

taxation des transactions fifinancières. Elle en 

analyse les conséquences sur la volatilité, la 

liquidité, les volumes des marchés dactions et 

doptions, ainsi que sur le prix des actions et des 

obligations. Le Chapitre I, analyse les réactions 

des teneurs de marché doption et conclut à un 

impact non signifificatif pour les marchés doptions 

très liquides, et un impact signifificatif pour les 

marchés doptions peu liquides, qui est maximal 

lorsque les positions des teneurs de marché sont 

détenues jusqu'à leur échéance. Le Chapitre II 

conclut à une hausse du coût du capital pour les 

entreprises européennes qui serait défavorisées 

vis à vis de leurs concurrents situés en dehors de 

lEU. Cest la non liquidité des marchés doptions à 

maturité longue, et larbitrage entre dérivés de 

crédit et actions, qui conduit à cette hausse, 

daprès le Chapitre I.  Le Chapitre III modélise 

simultanément les prix des actions et des 

obligations des entreprises. Il conclut à une 

baisse du prix de ces actifs due à l' introduction 

de la FTT. Les entreprises à fort levier et taxées à 

des taux faibles verraient une dépréciation du 

prix des actions plus élevée que leur 

concurrentes soumises à des taux plus élevés. 

Ceci suggère une harmonisation des taux de 

taxes dans lEU préalablement à la mise en place 

de la FTT. Enfifin, la FTT, qui déprime le prix des 

actifs émis par les entreprises, est en conflflit avec 

la règlementation BASEL III qui vise à renforcer 

leurs fonds propres.

En conclusion, notre approche par les options 

permet de formaliser limpact sur la volatilité et de 

trouver une justifification à la baisse du prix des 

actifs mise en évidence par plusieurs études 

empiriques portant sur des introductions passées 

de telles taxes au Royaume-Uni et en Suède.

  The dissertation reviews the effects, on capital 

markets, of implementing, within the EU, an 

excise tax (the FTT) on all fifinancial transactions. 

We review the effects on the volatility, the 

liquidity, trading volumes and the price of assets.  

In Chapter I, we analyze the option market-

makers hedging strategies. We conclude to an 

insignifificant effect of the FTT in highly liquid 

options markets, as opposed to a signifificant 

effect in low liquid option markets, the maximum 

being reached when market makers hold 

positions until their expiration date. 

Chapter II evidences a negative impact of the 

FTT on the corporate cost of capital due to the 

illiquidity of long dated option markets, and the 

arbitrage between equity and credit derivatives. 

The FTT would increase considerably the cost of 

capital of European companies whose main 

competitors are outside the EU.

In Chapter III, we model both stocks and bonds 

theoretical prices and conduct simulations of 

their reaction to the introduction of the FTT. We 

fifind that both shares and bond prices will be 

negatively affected by the FTT, increasing the 

cost of capital, in the short and long run. 

Companies with high leverage and a low tax rate 

will see the price of their shares fall further than 

the price of shares of comparable, high-tax, 

leveraged companies. This suggests that EU 

should level all corporation tax rates, within the 

EU, prior to the introduction of the FTT. Finally, 

the FTT has an antagonistic effect to the Basel 

III regulation which seeks to increase the capital 

of banks, because at the same time it lowers the 

prices of securities issued by Banks. In 

conclusion, our original approach focusing on 

options, is fruitful. It makes possible to quantify 

the impact of FTT on volatility and allows a 

theoretical justifification of the negative impact on 

asset prices found in empirical reviews of past 

experience of the introduction of a FTT.

Taxation, Transactions fifinancières, 

Volatilité,Options, Credit Default Swaps, Effet de 

levier, spreads

Financial Transaction Tax, Volatility, Options, 

Credit Default Swaps, Leverage, spreads


