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RESUME

Si 'immobilier est de loin la plus importante ckasd’actifs de notre économie,
elle est également I'une des derniéres a ne ppes#is d’'un marché de dérivés mature.
Des études académiques récentes ont montré quanigue de compréhension de leurs
prix en est la principale raison. Ce travail doataherche a y remédier. Par la conduite
d’études a la fois théoriques et empiriques, nausnses parvenus a déterminer leurs
caractéristiques statistiques, leurs facteurs sbpie mais aussi a apprehender I'intérét
de ces produits en terme de fonction de découdeeprix. Si les dérivés immobiliers
constituent un outil de paramétrisation du risqoemobilier essentiel, ils offrent
également la possibilité aux investisseurs comme @Eawvoirs publics de disposer

d’informations qui ne seraient pas disponibleseanant.

Mots clés : produits dérivés immobiliers, structure par termejce sur valeurs
d’expertises, efficience des marchés, fonctionémdverte des prix.

Laboratoire d’accuell
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Université Paris-Dauphine

Place du Maréchal de Lattre de Tassigny

75775 Paris Cedex 16
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SUMMARY

Despite the fact that real estate is the largesttadass in our economy, it is one
of the few that do not have a mature derivativesketaRecent academic studies have
shown that the lack of understanding of real estatevatives’ prices is the main reason
for the absence of a market. This dissertation a@onghange this. By conducting
theoretical and empirical studies we describe thtitistical characteristics, their risk
factors, and we highlight their importance in tehprice discovery function. Property
derivatives are an essential tool for risk managemaut they also offer for investors
and regulators a source of information that woulkeowvise not be available.

Keywords: property derivatives, term structure, appraisaeoaindex, market

efficiency, price discovery function.

Research Unit

Dauphine Recherches en Management, DRM Finance
Université Paris-Dauphine

Place du Maréchal de Lattre de Tassigny

75775 Paris Cedex 16
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FORMAT DE PRESENTATION

1) PRESENTATION DES DONNEES ET RESULTATS STATISTIEB

Pour faciliter la lecture, les données et résulstdgistiques seront présentés selon les

normes anglo-saxonnes (par exemple : 2,040.9%awé 2 040,95).

2) EXPRESSIONS LATINES ET ABREVIATIONS

Dans le souci d’alléger la discussion de notreetles abréviations latines.e. » (ita

es), «e.g.,» (exempli gratia et «cf. » (confe) seront utilisées respectivement pour
« c'est-a-dire », « par exemple » et « voir » ebseindiquées en italique. On notera
égalementeteris paribugceteris paribus sic standibupour « toutes choses égales par

ailleurs »,de factopour « de fait » etia pour « par le truchement de ».

3) REFERENCEMENT

La numérotation des équations, annexes, figuresbtaux est réinitialisée au début de
chaque chapitre. Leur référence fait figurer le atondu chapitre puis le numéro de

I'élément considérée(g, I'équation n°15 du Chapitre 4 est référencéel.15
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INTRODUCTION GENERALE

'immobilier est un lieu ou vivre, ou travailler, ungart vitale de notre

economie impliqguant des millions d’entreprises &nplois a travers le

monde. Dans un rapport de 200Wstitut National de la Statistique et des
Etudes EconomiquedNSEE) estimait que le patrimoine économiquearati francais,
c’est-a-dire, le patrimoine de I'ensemble des ®&#is, était composé a 86% de terrains,
logements, ouvrages de travaux publics et autrésnédts. L'immobilier constitue
donc la plus importante classe d’actifs de notrenémie. D’aprés le comité de la
reglementation comptable francais, un actif esk@tfément identifiable du patrimoine
ayant une valeur économique positive pour l'entifést-a-dire un élément générant
une ressource que l'entité contréle du fait d’évéeats passés et dont elle attend des

avantages economiques futurs

Tout comme les batiments dont I'architecture a é&alu fil du temps, les aspects
financiers de I'immobilier ont été profondément nfiéd. Apres I'effondrement du
régime féodo-seigneurial, les propriétés ont étéséés en parcelles et vendues sur un
marché libre, I'arrivée des crédits hypothécairestiibua a radicalement faire évoluer
'immobilier. Pendant la révolution industriellds ont été développés par les banques et
cela participa & modifier I'accession & la progfiéta propriété, aprés avoir été établie
par la force, est devenue quelque chose que I'an peheter, vendre, échanger ou
louer. Cependant, la liberté de détenir quelque elsdsst accompagnée d’'une bonne

proportion de risque.

Les pouvoirs publics, soucieux de faciliter 'acziea a la propriété, ont cherché a
augmenter le volume d’encours de crédit accordé dfaccroitre le nombre de
propriétaires et de rendre le logement plus abdedabux Etats-Unis, laFederal
National Mortgage Associatioconnue sous le nom d@annie Maeet laFederal Home
Loan Mortgage Corporatiorronnue sous le nom deeddie Macont été chargées de

racheter et de titriser les crédits hypothécairegp. En procédant ainsi, ils ont permis

! Ref Haupt (1993), Morineau (1985), Lescure (1982)ag#oux et Rioufol (2005).
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aux préteurs de réinvestir leurs actifs dans péupréts et ainsi ont contribué a accroitre
le nombre d’emprunteurs sur le marché des hypot®dDe mécanisme et les dérives
qui ont suivi ont conduit en 2007 a la crise dexlits hypothécaires dits « subprimes »
en référence aux emprunteurs disposant d’une fajblgité de crédit Les saisies
révélent dans la douleur le risque d’un financenetérne. L'utilisation intensive des
crédits hypothécaires, produits relativement basigne permet pas de gestion actif-
passif. L’étape suivante consiste a notre sensaldietle nouveaux instruments qui
permettraient aux ménages mais également aux issests de gérer dynamiquement
leurs risques immobiliers. Le recours aux dérivéacédant de la souplesse dans
I'ajustement du risque offre aux marchés financiarpossibilité de faire une nouvelle
fois évoluer 'immobilier. Cependant, dans la pldpies pays, ce marché en est encore

a un stade embryonnaire.

Il est aujourd’hui possible de structurer les dsdiypothécaires en incluant des
dérivés afin de protéger le capital du détendedtadéif immobilier. Leur disponibilité
permet d'une part, d'assurer dynamiquement le @sdjune dépréciation de la valeur
des immeubles et d’autre part, d’offrir une exgpositsynthétique, c’est-a-dire, sans
détention directe des actifs. Basées sur des mditargés de représenter I'évolution du
marché dans son ensemble ou de certains de sesergsgnies stratégies de
diversification sectorielle et géographique ou e=lld’arbitrages devraient étre
grandement facilitées. Caractérisés par de failgedts et de courts temps de
transactions, les dérivés sur indices immobiliersivpat faire de I'immobilier un
investissement liquide et de court terme. De plas;otation de contrats de vente a
terme peut contribuer a améliorer Iefficience imfationnelle du marché de
'immobilier en servant de référence grace a lanlmiennue fonction de découverte des
prix ; la fonction des dérivés est de faire coroegpye des besoins mutuels et fournit

ainsi un lieu permettant la dissémination de I'mfiation.

En raison des nombreux avantages associés auxéslérivmobiliers, ceux-ci
devraient disposer d'une base d'utilisateurs netatient large. Les banques sont
exposees a I'immobilier par le biais de leurs imnbesilet surtout de leurs crédits. Plus

généralement, toute I'économie est soumise au ridgsecrédits hypothécaires par le

2 Aux Etats-Unis chaque emprunteur se voit attribueg note de solvabilité. Il s’agit d’un chiffrerfdé
sur une analyse statistique qui, en théorie, reptéda capacité de I'individu concerné a payersses.

La notation développée par I'entreprise FICO yaegburd’hui la plus reconnue.
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biais de la titrisation. Comme I'expliquent Flavit Yamashita (2002), les ménages
propriétaires portent également un risque immaiitées élevé et méme trop élevé pour
atteindre une diversification optimale de leur talpiSyz, Vanini, et Salvi (2007)
montrent que I'exposition au risque ainsi que lesbpbilités de défauts peuvent étre
significativement atténuées en ajoutant des dériw@snobiliers aux crédits
hypothécaires. Les fonds d’investissements somtntgal eux, potentiellement intéressés
par les dérivées immobiliers pour obtenir une exjimsiau risque immobilier et ainsi
améliorer leur diversification. Sans les dérivésniobiliers, ils sont réticents a investir
sur un marché qui leur est moins familier et maiompréhensible que le marché des
obligations ou des actions. Pour ce qui est dedsfammobiliers, les dérivés devraient
leur permettre d’ajuster rapidement et pour un meirdt leur exposition en fonction
de leurs anticipations. Les entreprises dans leserable sont, quant a elles, de plus en
plus concernées par ce type de produit. En effe¢c des standards comptables
internationaux (IFRS), sous le standard IAS 36,if@seubles des entreprises doivent
étre réévalués a leurs valeurs de marché lorsoukck de référence rend compte d’'une
dépréciation. A linverse, il permet aux entrepsisde réévaluer leurs immeubles
lorsque les prix augmentent. L'éventualité d’'unBuence directe de I'immobilier sur
les comptes de résultats est donc de plus en @ites Dans ce contexte, il est probable
que la nécessite d'éviter le risque de fluctuatilenla valeur des immeubles en en
transférant le risque, tout en conservant la péw@rdes actifs stratégiques, devienne

une préoccupation majeure.

Trois formes de dérivés sont généralement préseniés futures et forwards, les
options et les swaps. Nous pourrions aussi ajoleterproduits titrisés, les crédits
immobiliers et les garanties de paiement dansre Bgge des dérivés immobiliers mais
nous ne les considérerons pas ici. Aprés diffésetamtatives infructueuses, les dérivés
immobiliers se sont finalement développés depuigl Z0Royaume-Uni sous la forme
de swaps de rendement totabtél return swapen anglais). Aux Etats-Unis,
I'établissement des dérivés immobiliers a été msgjf depuis 2006 par l'introduction
sur le Chicago Mercantile Exchange (CMEJe futures sur 'indice immobilieB&P

Case-shiller home priceAu Royaume-Uni, des prix futures sont désormates sur

% http://www.cmegroup.com
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EureX mais les volumes restent faibles. Le marché esbrenessentiellement un
marché de gré a gré sur lequel les transactionsé@i@usement augmenté depuis 2004
mais pour lequel le décollage reste plus lent alei cles autres marchés. Mais, méme
si la liquidité est encore un peu sous-optimaleydeime d’information est désormais
suffisant pour que des analyses empiriques puigienimenées. Notre travail se fonde

sur ce constat.

Une étude de 2006 conduite paME&rl Center for Real Estatielentifia le manque
de confiance dans la facon d'évaluer les prix conllaee des plus importantes
barrieres percues pour [l'utilisation des dérivéses C préoccupations sont
compréhensibles, car le prix des produits dérivifierdnt des marchés traditionnels
dans le sens ou I'indice de référence (I'indice mhitier) ne peut pas étre échangé sur
le marché au comptant. Cela complique I'évaluaties dérivés immobiliers puisque la
formule de Black et Scholes ou encore la relatiemparité entre le prix spot et les prix

forwards par exemple ne peuvent étre directemaiftées.

Appliquer la théorie financiere au marché immobilieste un probleme
fondamental. Des recherches théoriques ont été eneng ces themes mais elles n'ont
pas permis d’expliquer le niveau des prix obseriXéailleurs il n'existe pas, a ce stade
de développement du marché, d’étude empiriqueastdiyiamique de prix suivie par les
dérivés immobiliers. Ce travail doctoral tente épandre a cette insuffisance. Pour
cela, nous utiliserons les prix relatifs au mardnéRoyaume-Uni. Ce choix est justifié
par le fait, que, bien que récent, il s’agit aderakent du marché le plus mature. Au sein
de ce marché, nous nous focaliserons sur les pgsoths plus activement échangés,
c’est-a-dire les swaps dont le sous-jacent estitekPD Total Return All PropertyCet
indice est un indice sur valeurs d’expertises. dlaistorique de prix de pres de cinq ans
(Décembre 2006 a Octobre 2011) pour des matutiga® @’'un mois a six ans et relatif
a un environnement économique et financier parécement volatile confére

pertinence et robustesse a nos analyses.

Les dérivés immobiliers et plus exactement les swagzouvrent une réalité
complexe ne pouvant étre analysée sans une déciimpode leurs prix en sous
éléments qui ne sont autres que des forwards. tlaeétte analyse rendue possible, il

est légitime de s’interroger sur la dynamique destlacture par terme des forwards

* http://www.eurexchange.com
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implicites obtenus. La structure par terme eselation associant, & un instant donné,
des prix correspondant a des maturités différenEe synthétise I'information
disponible sur le marché et les anticipations gesaieurs concernant I'avenir a plus ou
moins long terme. Les praticiens utilisant les \d&iimmobiliers tels que les swaps ou
contrats forwards doivent étre conscients de learsctéristigues pour prendre des
décisions d’investissements, de gestion des risquescore d’arbitrages. En réduisant
les frictions comme les colts de transactions t#rgs de transactions, tout en prenant
potentiellement en compte les cycles immobiliersleepphénomene de lissage, les
dérivés immobiliers devraient disséminer de l'imfation. Les acheteurs comme les
vendeurs auraient alors a collecter I'informatiomn neeulement sur le marché au

comptant, mais également sur celui des dérivés.

La question de recherche retenue ici est articuléeur de 4 axes :

Questions de recherche :

~NJ

1°- Est-il possible de définir une relation liaatdrix des swaps a celui des forwards

2°- Les dérivés immobiliers peuvent-ils étre askimien termes de caractéristiques

statistiques et de dynamique aux autres produiteédou actifs sous-jacents ?

~NJ

3°- Les dérivés immobiliers constituent-ils un cateur avancé des prix immobiliers

4°- Quels sont les facteurs de risques conduisameadéformation de la structure par

terme des dérivés immobiliers ?

Ces quatre points d’'analyse permettent des déveiogms d’ordre positif, en
décrivant le monde tel qu'il est.g, la dynamique de prix des produits dérivés est ell
comparable a celle des autres dérivés ?), et dorbrmatif, en formulant des
propositions pour décrire le monde tel qu'’il devédre .9, quelle dynamique de prix

devrait-étre associée aux dérivés immobiliers gangde leur nature ?).

L’intérét d’'un objet de recherche aussi complexgeat documenté que les dérivés
immobiliers se manifeste naturellement par I'exiseede nombreuses problématiques,
dont nous ne structurons qu'un échantillon ci-desdies réponses aux questions
d’ordre normatif, i.e. concernant la dynamique de prix théorique des véegri
immobiliers, pourront notamment étre clarifiées panalyse positive,.e., dérivant

leurs caractéristiques statistiques et leurs débeimis.

Afin de faciliter le processus de publication désultats obtenus au sein de cette

thése de doctorat, nous avons opté pour un formattecles. Trois articles rédigés en
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anglais sont inclus et complétés par un chapitninhire écrit en francais. Ainsi cette
these est composée de quatre chapitres dont lesdeeniers (Chapitre 3 et 4) ont été

coécrits avec Arnaud Simon Maitre de conférendisniversité Paris-Dauphine.

Le premier chapitre est intituléRrésentation des acquis et positionnement des
problemes> et traite des développements préliminaires. Cepitka a été
principalement mené a partir de I'étude de la rhtiére. D’une part, il permet
d’identifier les fondements économiques, financersi que les principales difficultés
auxquelles nous serons confrontés. D’autre parterite de rendre accessibles les
travaux qui sont présentés dans les chapitresrggiee fournissant au lecteur certains
pré-requis nécessaires. Au cours de cette padieégalement réalisé un état des lieux
du marché ainsi qu'une présentation des difféerensémtégies pouvant étre
implémentées grace aux dérivés. Par ailleurs, rigsigmatiques plus largement traitées
dans les parties suivantes sont précisées pouragpleurs articulations schématiques

dans I'analyse du prix des dérivés immobiliers.

Le deuxieme chapitre est intituléS«ipping of real estate-indexed swaps and
forward term structure: interest and computationaéthod»". En utilisant les résultats
de Kazziha (1999), Belgrade, Benhamou et Koehl@®42 et Mercurio (2005) nous
définissons la relation existant entre les swapsseforwards sur indices immobiliers.
Une attention particuliére est portée sur le pnoleldié au réinvestissement des flux
intermédiaires. Finalement, une méthode numérighealéfinie et permet d’obtenir le
prix des forwards implicites a celui des swaps. A utilisant les différentes
maturités de contrats, nous sommes en mesure eeniléer la structure par terme des
forwards sur indices immobiliers. L'intérét de eefpartie est multiple. Cela nous
permet d’'une part, d’établir une relation d’arlggeaentre ces différents produits et donc
d’approfondir la connaissance des liens existantsreeles différents dérivés
immobiliers ; d’autre part, cette analyse facigtandement I'analyse du prix des swaps
sur indice immobilier. En effet, les forwards pentétre considérés comme I'élément
de base des swaps, leur simplicité les rend paésreent compréhensibles et analysables
dans le cadre d’'une étude empirique. L'utilisatdm ces prix forwards permet donc

d’étudier le prix des swaps qui ne sont ni plusnins qu’un panier de forwards.

® Traduction proposée :Récomposition du prix des swaps immobiliers etcstme par terme des prix

forward : intéréts et méthode numérigue
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Le troisieme chapitre est intituléAre property derivatives a leading indicator of
the real estate market®. Il s'agit, & notre connaissance, de la premiére &tud
empiriqgue du prix des dérivés immobiliers. Nouslidéns un ensemble d’analyses
statistiques afin d’appréhender les caractérisiqe prix des contrats forwards sur
indice immobilier et par extension des swaps. Debrenx tests permettent d’estimer
leurs degrés de validité et donc la portée explieates résultats obtenus. Nous
montrons notamment que l'effet Samuelson vérifiérpawplupart des marchés dérivés
ne l'est pas dans le cas des dérivés immobiliersiralice a valeurs d’expertises.
L’indice IPD ALL Property Total Returnest moins volatile et plus prévisible que les
contrats qui y sont associés. D’ailleurs, pluscedfits, les prix forwards constituent un
indicateur avancé de leurs sous-jacents. lls sast an outil pertinent dans l'aide a la
décision d’investissement et dans la gestion degues. Acheteurs comme vendeurs
devraient collecter de linformation non seulemeht marché au comptant mais

également du marché des dérivés.

Le quatrieme et dernier chapitre est intitulEokward curve risk factors analysis
in the UK real state market. Nous y déterminons les facteurs de risques f®latix
swaps sur indic&D all property total return Il s’agit des variables pour lesquelles un
changement conduit a une modification dans le geix dérivés. Pour ce faire, utilisant
le Chapitre 2 de ce travail doctoral, nous calculanstructure par terme des forwards
implicites et y appliquons un modele en differenpemmieres. Ainsi, nous sommes en
mesure d’identifier les facteurs conduisant a uéferdnation de la courbe forward. Les
résultats montrent que la structure des facteurgistpies en immobilier est plus
complexe que celles obtenues sur de nombreux auaeheés.

Nous souhaitons attirer 'attention du lecteur Burfait que les quatre parties
développées s’articulent de maniere a approfondie w@malyse logique, mais
incontestablement partielle, des enjeux théoriquds empiriques des dérivés
immobiliers. Le Chapitre 1 réalisé en francaishpeirde présenter la littérature relative

aux dérivés immobiliers ainsi que les différentasbmatiques associées. Si le

® Traduction proposée : lkes dérivés immobiliers constituent-ils un indicat@vancé du marché de

'immobilier ? ».

"Traduction proposée : « Les facteurs de risqua délicture par termes des forwards sur le marché

immobilier au Royaume-Unis ».
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deuxiéme chapitre, essentiellement théorique, itoastnotre premier article, les
Chapitres 3 et4 constituent eux I'aboutissementpiegue des hypothéses et
développements théoriques formulés. lls permeti@atcepter ou de réfuter les théories
et hypothéses énoncées. Ce travail de recherche ua Ipat d’approfondir la

compréhension du prix des dérivés et par ce faifri aux praticiens une fondation

pour s'impliquer dans les dérivés immobiliers.
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CHAPITRE 1:Présentation des acquis et
positionnement des problemes

RESUME

Le premier chapitre de ce travail doctoral a pdyectifs :

1) Mettre en avant les limites de I'immobilier diteet indirect en termes
de véhicule de transmission de l'information magmlément en termes
d’investissement.

2) Présenter les dérivés immobiliers, décrire lecmgactéristiques et

motiver leurs attraits pour chacun des différentewrs concernés.

3) Reéaliser un état des lieux du développement ek produits et

présenter les principales barriéres relatives adéueloppement.

Mots clés: indice immobilier, dérivé immobilier, diversifigan,

efficience des marchés.
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1. INTRODUCTION

L'immobilier souffre d’'un déficit informationnel édent ; la notion méme de prix
de marché est particulierement délicate et le marmgutransparence qui y regne rend
I'obtention de linformation nécessaire a la démisid’investissement difficile. Les
praticiens sont obligés de recourir a des indi@prik qui, par leurs constructions et le
manque d’information disponible, ne refletent qaetipllement les évolutions de prix.
Il est important de bien comprendre les problémasqgui y sont associées puisque
c’est sur ces mémes indices que sont construitsrbetuits dérivés immobiliers ; nous
les aborderons donc dans une premiére partie. Capentiéme dans le cas ou les
investisseurs disposeraient de l'information néaiessa la décision d’'investissement, la
composition de leurs portefeuilles resterait p@uplupart sous-optimale. En effet, les
nombreuses imperfections de lI'immobilier, gu'’il tsdlirect ou indirect, rendent sa
gestion délicate. Nous présenterons les limite$imestissement immobilier au sein

d’'une seconde patrtie.

En raison des limites relatives a limmobilier quse soit en termes
informationnels ou en termes de véhicules d’ingsstinents, lintroduction et
I'utilisation de I'immobilier synthétique c'est-ard des produits dérivés sur indices
immobiliers semblent indispensables. Nous verroassdce chapitre que tous les
acteurs, qu'ils soient de I'immobilier ou non, s@utentiellement intéressés. En effet,
la multitude des applications possibles de ces yit®dleur conféere une base
d’utilisateurs potentiellement trés large. Cependanalgré un intérét certain, les
dérivés peinent a se développer ; seuls le mangli€ogaume-Uni et, dans une moindre
mesure, le marché Américain ont connu une fortegnession depuis 2004. Ce
développement relativement laborieux s’explique dédférentes raisons que nous

aborderons a la fin de ce chapitre.

Au confluent de I'immobilier et de la finance de netze, cette these de doctorat
nécessite des connaissances spécifigues a cesddewaines. Pour cette raison, ce
chapitre tente de rendre accessibles les travaugegant présentés dans les chapitres
suivants en fournissant au lecteur certains praisegécessaires. D’autre part, il
permettra de motiver d’avantage les recherches @seag répondant notamment aux
guestions suivantes : pourquoi avons-nous besanddevés immobiliers ? Que nous

apportent-ils ? Quelles sont les barrieres liégsa@blissement d’'un marché mature ?
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Pour ce faire, nous présenterons dans la premig¢tie pes différentes méthodes
de construction des indices immobiliers ainsi qeeelimites qui y sont associées. Dans
la seconde, nous aborderons la problématique mieebiissement immobilier qu’il soit
direct ou indirect. La présentation des principaontrats échangés que sont les
forwards/futures et les swaps sera réalisée au deita troisieme partieNous y
présenterons également [l'intérét potentiel des wteddérivés en termes de
transmission de l'information et nous rendrons ctanpar le biais d’'une énumération
des principales stratégies, de la pertinence deroshiits pour les différents acteurs du
marché immobilier. Finalement, dans le cadre deulatrieme et derniére partie de ce
chapitre, nous réaliserons un état des lieux dweldppement de ce marché et nous

appréhenderons les principales barrieres reladivaes développement.

2.LA NOTION DE PRIX DE MARCHE EN IMMOBILIER ET LES
DIFFERENTS INDICATEURS ASSOCIES

L’'immobilier souffre d’'un cruel manque de transpare qui, dans le cadre de la
décision d’investissement mais également dans adula gestion des risques, est
problématique. Les praticiens se retrouvent aiostraints a recourir a des indices de

prix dont les limites sont nombreuses.

Nous verrons dans un premier temps qu’il est diéid’acquérir, sur le marché
immobilier, I'information nécessaire a la décisidiinvestissement. Dans un second
temps, nous présenterons les différentes optionstaetes ainsi que les limites

associées.
2.1.Définition et obstacles

En économie, la demande de biens est la quantité bien que les acheteurs
souhaitent acquérir pour tout prix possible deiea,itoutes choses égales par ailleurs.
L’offre, quant a elle est la quantité d’un bien des producteurs ou vendeurs désirent
vendre pour tout prix possible de ce biegteris paribusLe prix d’équilibre ou prix de

marché est celui auquel la quantité offerte eseééa quantité demandée.

En immobilier, il est difficile de définir un pride marché puisque les biens sont
tres fortement hétérogénes, non fongibles et é@sasgr des marchés décentralisés ; |l

n'existe pas de marché immobilier national et lente demicromarchéest souvent
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utilisé. Selon Simon (2006) : « le prix de marche 'dmmobilier n’existe pas »Les
professionnels opposeront par exemple le marchébdesaux a Paris au sein du
quartier central des affaires a celui du marchécdesres commerciaux. Sur chacun de
ces marchés, les biens requierent des compétendesiges en termes d’évaluation,

de commercialisation et de gestion.

L’ambition de vouloir résumer a un seul chiffre désns aussi hétérogenes et peu
liquides pour lesquels les données ne sont pasoursuj accessibles semble
déraisonnable. La définition méme du prix de mamhéiveau des biens immobiliers
pris individuellement est discutable. Confrontéeanunent au rble déterminant de
lintermédiation résultant de fortes asymétriesnfirmation, la pertinence de cette
notion est une problématique a part entiere. Eat,effifférents prix de transactions
pourraient émerger pour un méme bien, a un ingdanné, selon la méthode de
commercialisation et I'intermédiaire retenu. Cegsjions relevant de la microstructure

immobiliere soulignent la complexité de la notionpilix dans ce secteur.

Si le prix de marché est difficilement calculablergaliscutable d’'un point de vue
conceptuel, il n’en demeure pas moins incontoumadbutilisation d’un chiffre unique,
i.e. d'un indice, est en effet indispensable dans dahmeuses situations. Il servira
d’'outil d’aide a la décision d’investissement emqurant de I'information quant aux
conditions d’achat ou de vente. Cette informatienraségalement pertinente dans la
mise en ceuvre et le pilotage de politiques pubfiqiens les secteurs de I'immobilier et
de la constructich En permettant de calculer des rentabilités périgs, un indice
permet de déterminer la rentabilité moyenne, I'8tge de ces rentabilités ainsi
gu'une mesure du degré de corrélation entre cladsetifs ou entre différents sous-
segments de I'immobilier. Ces rentabilités sonteséaires a la mise en ceuvre d’'une
gestion dite benchmarkée, c'est-a-dire, a 'anatysaparative d’'un portefeuille a un
indice de référence. Par ailleurs, I'étude desétations ainsi permise est indispensable,
pour les gestionnaires d’actifs, & la mise en cedwnee allocation stratégique optimale.

En immobilier, deux grandes catégories d’indiceavpat étre distinguées : la
premiere est relative aux indices construits subdae de prix de transactions et la

seconde a ceux construits sur la base de valeexpettises. Les indices de transactions

8 Un indice de prix devrait par exemple permettredé¢ecter d’éventuelles bulles sur le marché du
logement par une comparaison du rapport entrevieani des prix et de celui des loyers ou des revenus
disponibles (Hoesli (2011)).
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bY

ont essentiellement attrait a I'immobilier résidehtcaractérisé par un nombre
relativement élevé de transactions ainsi que pamuoiadre hétérogénéité. Des indices
de transactions peuvent également étre constraiitsiprecours a I'immobilier coté tel
que les Sociétés d’Investissement en Immobilieé€o{(SIIC). Nous présenterons plus
précisément leurs méthodes de constructions airsiequs caractéristiques lors de la
section suivante. Dans de nombreux secteurs denbipilier et de fagon générale dans
'immobilier d’entreprise, les transactions sonesg fortement hétérogénes et entourées
d’'une certaine confidentialité rendant tout calcdihdice sur la base de ces prix
impossible. Dans ce cas, les indices utilisés swomistruits sur la base de valeurs
d’expertises ; leurs caractéristiques seront préssrians la Section 2.3.

2.2.Indices de transactions

L’idée la plus basique pour définir un indice dexpconsiste a utiliser des
transactions réalisées et observées a une dateedofmoés principaux types d’indices
de transactions peuvent étre identifiés : les eglimédians, les indices hédoniques et
les indices de ventes répétées. Il est ensuitalppesie les associer afin de créer des
indices dits hybrides. Nous présenterons brieveneems méthodes de constructions et
insisterons sur leurs limites. L'objectif est erfeefde rendre compte de la difficulté
d’accés a une information de qualité sur les pmmmbbiliers. Pour une présentation
plus détaillée de ces méthodes, le lecteur powngferer aux ouvrages de Baranzini,
Ramirez, Schaerer, et Thalmann (2008) et de Sirnbtake (2009).

L’indice médian est I'indice le plus simple a cdéay il s’agit simplement de la
moyenne (ou médiane) des prix au meétre carré ofsexwr les transactions a une date
donnée. Cependant pour pouvoir le calculer, il faatvoir disposer a chaque date d’'un
nombre suffisant d’observations afin d’assurer cegaine stabilité de la moyenne. La
construction de cet indice implique de retirer iemsactions pouvant étre considérées
comme atypiquésou dont la méthode utilisée lors de la commensadion (par
exemple les biens saisis et vendus aux encheregpgjduaiser les calculs. Cependant,
retirer ces transactions ne permet pas nécessaitedee correctement prendre en
compte la dimension qualitative. En effet, si leenb échangés sont de meilleures

qualités a la dater1l qu’a la date en raison par exemple d’'un important programme de

° L’INSEE considére comme atypiques les logements dele les « chambres, greniers, lofts, ateliers,

loges de gardien, chateaux, grandes propriété&testparticuliers » (INSEE méthodes n°111 (2005)).
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promotion, mécaniquement et indépendamment destamsléconomiques du marché,
I'indice indiquera une forte hausse du prix de thwbilier. Cependant, cette hausse ne
signifie pas, comme devrait le chercher a mesuretide, que la valeur intrinseque a

augmenté. Cela signifie simplement que les bieharggés ont été de meilleure qualité.

Afin de mieux contrller les effets de qualité, &®ecialistes auront tendance a
utiliser des indices hédoniques ou de ventes répétéependant, cela nécessite des
données supplémentaires auxquelles l'acces n'estt@gours possible. Un indice
hédonique revient a définir un modele économétrique 'on va régresser les
différentes caractéristiques des biens échangé® (da construction, localisation,
nombre de salles de bains, etc.) & une date danmée prix de ces bietfs En réalisant
cette opération a chaque date de publication ddite, 'économétre disposera du prix
de chacune des caractéristiques au cours du terhmst alors possible de suivre
I’évolution du prix d’'un bien standard (par exemglehambres, 1 salle de bains, etc.),
i.e,, de l'indice. En procédant ainsi, et a conditioe ¢gs données soient disponibles en
quantité suffisante les perturbations liées a lditgusont parfaitement maitrisées. Ce
genre de démarche a été mis en place notammentigmindices Notaires-INSEE en
France. Les indices de ventes répétées constituaat alternative aux indices
hédoniques et contrdlent les effets de qualitébmeiwvant le prix de vente et de revente
des biens utilisés. Techniquement, il s’agit urie émcore d’'un modele économétrique.
Cependant, la pertinence de celui-ci repose sypéthése de constance de la qualité
entre la date d’achat et de revente des bienstt& kbypothese peut sembler discutable,
elle reste acceptable si I'on suppose que les anogres de réhabilitations des biens
seront en moyenne compensés par I'obsolescenceelngss répétées contrdlent donc
de I'hétérogénéité sans s’appuyer sur une desmmigkhaustivaeles biens. Les indices
de ventes répétées les plus connus sont les in@iass-Shiller Home Prices sur le

marché Ameéricain.

Dans le domaine de I'immobilier résidentiel, le i de transactions est éleve
et I'hétérogénéitée est relativement limitée. Celash pas le cas de lI'immobilier
d’entreprise ou les transactions sont peu nombseespour la plupart confidentielles.

De plus, un indice hédonique sera difficile a inmpddater car les caractéristiques

10 Cette méthode décompose une propriété en difféegmiisuts tels que la superficie, I'étage, le noenb
de piéces... la valeur d’'un bien est fonction de ddisfaction que I'on retire de l'usage de ses

caractéristiques. Tous les attributs qui sont él#és par un acheteur potentiel devraient étreidérés.
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valorisées par les acteurs pour un immeuble deabusa un entrepdt par exemple sont
tres clairement différentes. En raison de la redatiomogénéité mais également du
nombre de transactions, les indices sur valeurstralesactions ne sont presque
quexclusivement dédiés & de I'immobilier résidefiti Cependant, ces indices
requierent une base de données trés importanteeremed de transactions mais
également en termes de caractéristigues des bmmnslgp méthode hédonique. Ces
données sont difficiles a obtenir méme en immabiésidentiel. Le nombre élevé de
transactions requis vient limiter I'efficacité dette méthode si I'on souhaite travailler

sur des micromarchés ou a une fréquence de cadiihdice relativement élevée.

Les indices sur valeurs de transactions ne pernigites une transmission rapide
de [linformation disponible sur le marché. En effates indices sont basés
essentiellement sur des actes authentiques signésece par le notaire et dont le prix
est défini lors du compromis de vente. Cela sefijggtar le fait que seul I'acte de vente
donne obligatoirement lieu a un enregistremensidimformation peut étre collectée.
Si I'on considére que le compromis de vente ediliéxamois avant la transaction, les
prix qu'utilise I'indice a la daté ne sont pas ceux de la datmais ceux de l&x. De
plus, comme les marchés immobiliers sont fortendécentralisés, la collecte des prix
de transactions prend du temps ce qui retarde Hicption de lindice. Si I'on
considére le cas de la France, ou le délai entcerdgpromis et la transaction est de 3
mois et que l'on y ajoute le délai d’intégratiorudé transaction dans la base de 3 a 4
mois (INSEE méthodes n°111 (2005)), on obtient uraldge temporel de plus de 6
mois. Finalement, l'indice communiqué a une dasera pour I'indice Notaire-INSEE
relatif & de l'information antérieure d’au moinsmis. Cet effet de retard peut étre tres

préjudiciable en ce qui concerne la mesure etdéaredes risques immobiliers.
2.3.Indices d’expertises

Dans de nombreux secteurs de I'immobilier et palitcement dans celui de

'immobilier d’entreprise, les transactions ne s@ais observables ou quand elles le

1 Aux Etats-Unis, lindice hédonique TBI (TransactiBased index) développé par des chercheurs du
Massachussetts Institue of Technology (MIT) et dédil'immobilier d’entreprise constitue I'un des

uniques exemples.
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sont, elles le sont en quantité limitépcela ne serait pas si problématique si les biens
immobiliers faisant I'objet d’'une transaction étdiecomparables. En effet, nous
pourrions alors suivre I'évolution au cours du terdpsces biens sans risquer de voir
lindice perturbé par un effet de qualité des bigmhangés. Cependant, avec
'immobilier d’entreprise, non fongible, I'hétérogéité associée a un nombre trés
restreint de transactions rend la construction dhdice sur valeurs de transactions
difficilement concevable. Les indices disponiblesupae secteur se réferent a des
estimations de valeurs; ils ne sont qu'exceptidament construits sur la base
d’'information se rapportant a des prix de transasti On parle alors d’indices sur

valeurs d’expertises ou en anglaigpraisal-based indices

Les prix utilisés ne sont alors plus déterminésysamécanisme d’enchére mais
par un mécanisme d’expertise conduisant a une éi@uaela consiste a suivre un
panier de biens au cours du temps et a en réafigatierement des évaluations. Dans
son ouvrage, Hoesli (2011) explique que « I'orgas@isouhaitant construire un indice a
dire d’experts va constituer un échantillon repnéstif du marché pour lequel 'indice
est construit. Des experts immobiliers seront mesd@our procéder a I'évaluation
périodique des immeubles de I'échantillon et ca dquence souhaitée pour l'indice ».
Pour obtenir des échantillons larges a un moindig, des organismes a l'origine de la
construction d’indice ont en général recours awppétaires institutionnels qu’ils ont
préalablement convaincus de leur mettre a disposiés informations concernant leurs
immeubles. Ainsi, aucune évaluation d'immeuble niéslisée dans le but unique de
construire un indice ; il synthétise les donnédatikes aux estimations faites par les
institutionnels afin d’étre en conformité avec E@xigences légales et statutaires. En
raison notamment des programmes de réaménagemsnimieeubles, un certain

nombre de retraitements est nécessaire a la cotstraéun indice pertinent.

De nombreux indices sur valeurs d’expertises peugtratcalculés au sein d’'un
méme pays. En effet, il est possible de calculer iddices de prix pour différentes

villes ou régions mais également pour différentdeses ; les producteurs d’indices ne

12| 'immobilier d’entreprise fait essentiellement réféce aux bureaux, commerces, mais aussi aux biens

industriels tels que les entrepbts non cotés.

13 | e terme qualité fait ici essentiellement référemce caractéristiques du bien (date de construction

lieu, normes environnementales, etc.).
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sont pas confrontés a un manque de données comundegoindices de transactions.
Outre cette segmentation, il existe des indiceeeddement en capitatgpital growth

en anglais) et de rendement locattifcbme growthen anglais). L’indice de rendement
en capital mesure les changements de valeur derpdractifs considéré alors que
I'indice du rendement locatif mesure la rentabiligd générée par les loyers. Un indice
de rendement totatdtal return indexen anglais) peut alors étre construit en combinant

I'indice de rendement en capital avec celui du eemeint locatif.

En Europe, le group anglo-saxon Investment PropBegabank (IPDY est le
fournisseur d’indices sur valeurs d’expertises lespbopulaire. Au premier semestre
2012, ce groupe était présent sur 16 marchés esmepét sur 7 marchés
internationauX’. Si la plupart des indices sont des indices asnuis peuvent
également étre bimensuels, trimestriels et méme uménsdans certains casa
couverture de ces indices en pourcentage de laivalstimée du marché total est
comprise entre 6.5% pour les Etats-Unis et 82.9%r pdrlande. Le Tableau 1.1

synthétise ces informations.

[INSERER LE Tableau 1.1 ICI]

Pour ce qui est des Etats-Unis, I'indice dominasit léndice NPl (NCREIF
Property Index), fourni par le NCREIF (National @i of Real Estate Investment
Fiduciaries)®. Cet indice est un indice trimestriel calculé sla base de
7,106 immeubles pour une valeur totale de 298anidf de dollars au premier
trimestriel 2012. Un niveau de couverture éleveéirdispensable en raison du risque

spécifiqgue important en immobilier.

La qualité d’'un indice sur valeurs d’expertises sspa@ssentiellement sur la
justesse des évaluations qui le composent. Cdllésheent refléter le prix qui serait le
plus probablement obtenu sur le marché dans deditimms normales de
commercialisation (Wofford (1978)). Ainsi, afin @'surer qu’'une méthodologie adaptée

% http://www.ipd.com
'3 Afrique du sud, Australie, Canada, Etats-Unis, @até sud, Japon et Nouvelle-Zélande.

18 http://www.ncreif.org
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soit appliquée par I'évaluateur, des organismes dak la RICS (Royal Institution of
Chartered Surveyors) dont les membres doivent se conformer a différ@nincipes
lors de leurs évaluations, se sont développésaisrproducteurs d’indices, dont I'lPD,
requierent que les évaluations aient été réalipaesles membres accrédités RICS. On
considére généralement qu’'une expertise est coblesal’erreur est inférieure a 10%
du prix réel. Simon et Malle (2009) expliquent quei I'on suppose que cet exercice
[d’évaluation] n’est pas affecté de biais [systémad], en agrégeant les données on
obtient alors, par compensation des erreurs erles, aine valeur moyenne assez
fiable ». La Figure 1.1 rend compte, sur ce palitne certaine symétrie de ces erreurs
d’évaluation autour de zéro soutenant ainsi queelle de l'indice devrait converger

vers zéro.

[INSERER LA Figure 1.1 ICl]

Cependant, Hartzell, Hekman, et Miles (1987) maritgue les évaluateurs ont
une confiance plus grande et donc accordent plogpditance aux prix observés sur le
marché® qu'a leurs propres analyses des cash-flows fuagtalisés (méthode
d’évaluation de référence). Ainsi la divergencae®gtvaluations et prix de transactions
ne provient donc pas seulement d’erreurs d’exm@stiEen moyenne nulles) mais
également d'un biais systématique lié au fait desebont réalisées avec un ceil sur les
valeurs passées (Geltner (1989), Gau et Wang (L990ayton, Geltner, et
Hamilton (2001) ont observé sur le marché Canadjea les évaluations étaient
réalisées en moyenne sur la base de 6.86 compaatilrieurs de 13.68 mois ; les plus
anciens le sont de 25 a 35 mois selon la périodsidérée. L'intégration progressive de

l'information, dont il est généralement fait allosipar le terme de tyrannie des valeurs

7 http://www.rics.org

18 Cela fait référence a la méthode par comparaiseenant, pour faire simple, a calculer le prix moyen
au metre carré d’'un groupe de comparables ayardofigngés sur le marché et a le transposer au bien
que l'on cherche a évaluer. Des comparables sossi auilisés dans la méthode par capitalisation
communément utilisée et consistant a calculer poiacun des comparables un taux de capitalisation
défini comme le rapport entre le loyer et le prextdansaction. Un taux moyen est ensuite calculé et
valeur du bien déduite par le rapport du loyer l§ghn a évaluer) et du taux de capitalisation mayes

comparables. Cette méthode est une transpositiomodiéle de Gordon et Shapiro (1956).
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passées, conduit a un effet de lissage de la candigelle. Les indices sur valeurs
d’expertise n’intégrent pas correctement l'inforinatprésente, tendent a sous-estimer
la volatilité de I'immobilier et ne parviennent pag plus souvent, a refléter les
retournements du marché (Fisher, Geltner, et Wel8i94)). Un autre probléme
résultant du lissage de la courbe indicielle edbdga autocorrélation alors que Brown
et Matysiak (1998) montrent que I'autocorrélati@nla rentabilité d’'un bien immobilier

est proche de zéro.
2.4.Indices d'immobiliers cotés

Une alternative aux indices immobiliers formés lsubase de I'immobilier direct
est la construction d’indice par recours a I'imnligiindirect coté. Il s’agit d’un terme
géneéraliste faisant référence aux sociétés forxieérémmobilieres cotées. Sur la base
de ces sociétés, il est possible de construiremwrigtude d’indices, que ce soit par le
choix des titres ou par la méthode de pondéragtanue. Nous ne considérerons pas ici
les indices construits sur la base d'immobilieriiact non coté. Ceux-ci sont basés sur
la valeur nette des actifs réévalués, ownda asset valugNAV) *° en anglais, des
sociétés foncieres immobilieres. La NAV étant basée I'évaluation des différents
actifs détenus, l'indice obtenu correspond essémrtient a un indice sur valeurs
d’expertises. Il existe néanmoins certaines diffées en raison de la prise en compte
de la structure de financement (une variation dead@ur de la dette implique une
variation de la valeur de la NAV), de la spécificiles actifs (certains actifs seraient
exclus des indices sur valeurs d’expertises eromage leur localisation, de leurs
caractéristiques ou de leur réhabilitation) maialégent du statut fiscal (exonéré ou

non de I'impdt sur les bénéfices).

Les principaux indices sont les indices FTSE EPRYREIT? ainsi que ceux

développés par le Global Property Resedr¢BPR). Concernant le marché francais,

19 Calculée par I'évaluation des actifs du fonds diistissement de laquelle on retranche la valeur des

dettes.

% Ces indices sont calculés par le FTSE (http://wises.tom/Indices/index.jsp) avec la participation de
la European Public Real Estate Association (EPR#p;/iwww.epra.com) et de la National Association

of Real Estate Investment Trusts (NAREIT, http:/fwweit.com).

L https://www.globalpropertyresearch.com
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I'Institut de 'Epargne Immobiliére et Fonciére (F§*? constitue I'acteur principal de la
production d’indices d'immobiliers cotés. L'objdcti’étant pas de réaliser une revue
des différents indices existants ainsi que descimates méthodes retenues nous

laissons le lecteur se référer a Serrano et HEB309) pour plus de détails.

Lorsque I'on s’intéresse aux indices immobiliersésoet a leur pertinence en
termes de véhicule de transmission de linformati@nquestion est évidlemment de
savoir s’ils se comportent de la méme maniére ¢paifl sous-jacent. Typiquement
'immobilier coté souffre d’'une forte exposition aisque de marché. Alors que
'immobilier coté n’est que faiblement corrélé arimobilier direct, il est tres fortement
corrélé au marché actions (Hoesli (2011)). LingNatranjo (1999) montrent que
I'immobilier coté et les actions sont intégrés alque I'immobilier coté et I'immobilier
direct ne le sont pas. Si le rendement de I'imniebdoté est fortement influencé par le
marché actions, il en va de méme de la volatiké.effet, d’aprés Hoesli et Serrano
(2006) la volatilité des marchés financiers coneibgrandement a la volatilité de
'immobilier coté. En revanche, d’autres études dmile de Lee, Lee, et Chiang (2007)
montrent qu’apres avoir pris en compte les factealatifs aux marchés actions et
obligataires définis paFama et French (1993)immobilier est un facteur utile dans
I'explication du rendement des SliQse lien entre 'immobilier coté et les actionsst’e
réduit dans de nombreux pays (Hoesli et Serranos200immobilier coté est de plus
en plus assimilé a un placement immobilier paridesstisseurs, notamment en raison
de la tendance observée dans de nombreux paysladérdance, de rendre ce véhicule

de placement transparent d’'un point de vue fiscal.

On considére souvent que le marché de I'immobd@é constitue un indicateur
avancé du marché de I'immobilier direct. Celui-gi@ant plus efficient permettrait de
refleter de l'information qui n'aurait pas encoréé éntégrée sur le marché de
limmobilier direcf®. D’'aprés Myer et Webb (1993) l'immobilier coté pesttrait
d’anticiper les évolutions de 'immobilier direaiaEtats-Unis.

S'’il est possible d’établir un lien statistique ipettant d’expliquer une partie de

I'évolution présente et future de I'immobilier diteen utilisant de I'immobilier coté,

2 http:/lwww.ieif.fr

2 gj lefficience informationnelle relative & 'immadter coté est plus forte que celle du marché de

l'immobilier direct, elle n’en reste pas moins imfaéie (Kuhle et Alvayay (2000)).
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cette information reste difficilement exploitablen e matiere de décision
d’'investissement, de gestion des risques et dehpggrking. En effet, les SIICs sont
des sociétés cotées ayant recours au levier fieaetiil convient donc de prendre en
compte cet effet afin d’en déduire la rentabiligé Idurs actifs. Par ailleurs, en raison
d'un niveau de diversification souvent éleveé, lexomposition précise ne peut
généralement pas étre établie ; il est difficilerdesurer la part de leurs rentabilités
associées a un secteur en particulier. Finalenreniméthodes économétriques utilisées

sont difficilement exploitables par la plupart geaticiens.

Souffrant de nombreuses limites, les indices imirersi n'apportent qu’une
solution partielle au déficit informationnel camgsant le marché immobilier qui,
rappelons-le, est préjudiciable a la décision d'stesement, la gestion des risques et a
la mesure de performance. L'immobilier résidengisd I'un des seuls secteurs ou il est
possible d’obtenir une information qui, bien quéardée et parfois bruitée, est de
relativement bonne qualité en étant fondée sugdété du marché, c'est-a-dire, sur des
transactions observées. Les indices sur valeuspéises sont quant a eux la solution
alternative aux indices de transactions lorsquetrgssactions sont insuffisantes ou
inobservables. Cependant, ils conduisent a soumestla volatilité du marché,
souffrent de phénomenes tels que la tyrannie diesingapassées et peinent a détecter
les retournements du marché. Pour ce qui est dembibilier coté qui pourrait
constituer une alternative viable en termes decudhide transmission de I'information,

il souffre également de certaines limites. En effiet nombreuses études montrent que
leur dynamique de prix est souvent plus proche @uch& action que du marcheé
immobilier. Pour ce qui est de la part de leur dyime pouvant étre associée a
'immobilier, elle est généralement considérée camumn indicateur avancé du marche.
Cependant, elle semble difficilement exploitable s praticiens en raison de la
complexité des modeéles a utiliser et des retraitesneécessaires. L'immobilier souffre

d’un cruel manque d’information quant a I'évolutide ses prix et du risque associé.

3. L'INVESTISSEMENT IMMOBILIER

La détention de biens immobiliers présente plusiewrantages et notamment
celui de la diversification de portefeuille. Enegffde nombreuses études dont celles de
Hoesli, Lekander et Witkiewicz (2004) et Andrew @&tenn (2003) témoignent de
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I'intérét de I'immobilier au sein d'un portefeuilld’actifs. Cependant, malgré son
attractivité, il s’agit d’'une classe d'actifs soavenégligée. Ainsi, la majorité des
investisseurs ont une allocation sous optimaleeemds de rentabilité et de risque.
Outre le déficit informationnel présenté dans lgipgrécedente qui pourrait en étre la
raison, ceci s’explique principalement par les nmubes limites des véhicules

d’investissements disponibles.

Si, depuis plusieurs années, l'immobilier indiredest largement développé,
'immobilier direct reste a ce jour le principal hiéule d’investissement. Dans une
premiere section, nous présenterons les difficuldatives a I'investissement et a la
gestion de I'immobilier direct. Dans une seconadles relatives a I'immobilier indirect
seront présentées. Nous ne nous attarderons pasesurontraintes légales, trés
différentes entre les pays, mais insisterons sar daractéristiques en termes de
dynamique de prix, de liquidité et d’effort nécessan ce qui concerne la gestion

opérationnelle.
3.1.Immobilier direct

Les placements immobiliers directs constituent émi@re traditionnelle d’'investir
sur le marché immobilier. On estime qu'un peu males70% de la valeur des biens
immobiliers dans le monde sont détenus en direetu (2009)). Cependant, les
placements directs comportent de nombreux incoewsi ils sont colteux, peu
liquides, difficiles a gérer et demandent des c@s@aces tres spécifiques.

Les transactions immobilieres sont a I'origine @éits importants généralement
supérieurs a 6% pour un aller et retour sur le hd@ar&En effet, elles sont souvent
entachées d’un taux élevé d’imposition mais égaterde frais substantiels en ce qui
concerne l'intermédiation. Ce dernier point s’egpk principalement par le fort degré
d’asymétrie d’information. Contrairement aux mach¥ursiers qui sont centralisés,
les marchés immobiliers se caractérisent par @sefdrte décentralisation ; acheteurs et
vendeurs interviennent sur des micromarchés géaméeait définis par le typde bien et
la zone géographique. Dans ce contexte, des caamaiss locales sont primordiales et
le recours a un spécialiste est indispensableédiaction des asymétries d’information.
En plus des codts de transactions, la gestion ctéds anmobiliers nécessite un effort
important toutau long du cycle de vie dénvestissement, que ce soit en temps ou en

argent. En effet, les biens immobiliers requierené gestion opérationnelle qui fait
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appel a un large champ d’activités, incluant I'etitm et la rénovation des biens mais
aussi, la gestion des baux et des contrats deidac&et effort est d’autant plus grand
que le portefeuille est diversifié car les biensitsdispersés: une plus grande

diversification accroitra fortement les colts dstiga.

L’investissement direct demande du temps. Il estezodet hors d’atteinte pour
de petits investisseurs désireux de détenir unefmarille diversifie. Les codts de
transactions et de gestion, la valeur unitaire éeales actifs immobiliers ainsi que leur
hétérogénéité, font que les portefeuilles immotslieomportent souvent une part non
négligeable de risque diversifiable. Cette remargse d’autant plus pertinente que
I'élimination de ce risque ne peut étre obtenue pae une diversification a la fois
géographique et sectorielle (Eichholtz, Hoesli, Meagor, et Nanthakumaran (1995)).
Ainsi, la majorité des portefeuilles est caract&ipar un couple rendement-risque sous
optimal. La forte composante idiosyncratique depasefeuilles s’explique également
par la transparence réduite du marché immobilierpat les fortes asymétries
d’'information (aléa moral et sélection adverse) @uidécoulent. En effet, pour atténuer
ces imperfections de marché, les acteurs vontl@gierr les propriétés a proximité ainsi
que les immeubles avec de longs historiques dabiités et éviter d’échanger des

biens avec des experts identifies comme tels (Gaengd Moskowitz (2002)).

Les placements immobiliers sont peu liquides etdasion d’'un actif prend en
moyenne plusieurs mois. D’aprés une étude mené€noaby et McAllister (2004) sur
le marché du Royaume-Uni, dix mois sont en moyeméessaires a la
commercialisation d’'un immeuble de bureau. Par éguent, une fois le portefeuille
d’'un investisseur construit, il est tres difficitéen modifier I'exposition au risque
immobilier. Une modification de cette expositiomasongue et onéreuse. Ceci justifie
la mise en ceuvre de stratégies d’achat et de a@iger ditesbuy and holden anglais.
Dans ce contexte, les compétences du gérant en icecomgerne sa capacité

d’anticipation du cycle immobilier seront d’'une mdie utilité.
3.2.Immobilier indirect

L’investissement dans I'immobilier peut aussi s@efgpar le biais de fonds
détenant des parcs immobiliers. L'investisseur aatjgies parts et non pas directement
des objets immobiliers d'ou le terme d’immobiliexdirect. Il faut différencier les

placements indirects cotés des placements indineots cotés. Cependant, comme
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'unique différence est la cotation, nous commeoisrpar présenter I'immobilier
indirect non coté puis nous préciserons les cons@gsede son introduction au sein

d’'un marché organisé.

Selon Hoesli (2011), les placements en immobiliardirects « présentent
'avantage de conférer a linvestisseur une expmmsitau marché immobilier qui
s’apparente a celle des placements immobilierciir®ut en limitant le plus souvent
les asymétries d’'information, notamment en ce quicerne les placements immobiliers
internationaux. Par ailleurs, un investissement dansfonds permet de réduire
I'exposition au risque diversifiable dans la mesowel’'on possede une quote-part d'un
fonds bien diversifié ». S’il existe un intéréttf@our ce support, cela ne remet pas en
cause certaines limites relatives a I'immobilieredt puisque les colts de transactions
mais également les frais de gestion existent tosjparpartir du moment ou le fonds
immobilier a besoin d’acheter, de vendre et d’adstiar ses biens, les colts ont
simplement été transférés. De plus, des droits e@sirement sont généralement
facturés a l'investisseur lors de I'achat et deelente de parts de fonds. Le principal
intérét de l'investissement indirect est la diviszation. Pour ce qui est de la liquidité,
méme si elle est améliorée, et ce particuliererpent 'immobilier indirect coté, elle
reste limitée. En effet, différentes méthodes exispour le fonds afin d’assurer une
certaine liquidité, mais celles-ci ne permettent glegténuer le probleme ou de le
déplacer. La transformation de I'immobilier, agtéu liquide en un actif relativement
plus liquide, aura souvent pour conséquence danfoiels non cbtés une détention de
liquidité ou de dette élev&e Un délai est souvent assorti & toute demanderte sles
fonds et un retrait trop important conduira d’aille a un gel des retraits. Méme dans le
cadre de I'immobilier coté, dont les capitalisatiGost souvent considérées comme de
petites capitalisations, il n'est pas possible pauinvestisseur important d’acheter ou

de vendre des parts sans devoir faire des concessistantielles sur le prix. Les

24 Sj le fonds est ouvert, il devra constituer un@mnés de monnaie relativement importante afin d’eessu

la liquidité car la vente d’actifs est relativeméanigue. Cependant, cela nuit a sa rentabilité eguidité
reste limitée a I'argent placé en réserve. Cethatisn n'est pas optimale car la vente des actfsadors
souvent motivée par la nécessité de remboursemdrs et peut ainsi s'effectuer au détriment des
investisseurs restant engagés dans le fonds ;baisranportant est souvent nécessaire afin de nedhui
durée de commercialisation des biens. Le fonds pmgalement avoir recours a un endettement
supplémentaire pour faire face aux besoins deditfui Cependant, cette solution tend a accroitre le

risque.
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mouvements de marché acheteurs/vendeurs aurontcpogséquence, lorsque le fonds
est fermé, d’entrainer de fortes sur ou sous étrahsde la valeur nette des actifs

détenus.

L’'immobilier direct, qu’il soit coté ou non coté, mermet pas aux investisseurs
de contréler la mise en ceuvre de la stratégie dstiissement. En effet, ceux-ci ne sont
pas habituellement impliqués dans le processusngtraiction du portefeuille. D’autre
part, le suivi de la stratégie mise en ceuvre, e girécisément l'analyse des
déterminants de la performance, souffre d'un certaanque de transparence. Il est
difficile de déterminer la part de la rentabili@ative aux différents segments, et ce

d’autant plus que ces véhicules ont souvent recwfsvier financier.

Pour ce qui est des fonds immobiliers cotés, lastme centrale est évidemment
de savoir s’ils se comportent de la méme maniére lques actifs sous gestion.
Historiquement, le couple rendement/risque de oe®#tes a été plus proche de la
dynamique des actions que de I'immobilier direcha@dhry, Neil Myer, et Webb
(1999) montrent qu’elles sont intégrées au marciséagéons et des obligations alors
gu’elles ne le sont pas avec celui de I'immobiliee plus, Hoesli et Serrano (2006)
montrent que la volatilité des marchés financienstitbue grandement a la volatilité de
'immobilier coté. Malgré cela, le lien entre l'inohilier coté et les actions semble se
réduire dans de nombreux pays (Hoesli et Serra@06(2. L'immobilier coté est de
plus en plus assimilé a un placement immobilier Iparinvestisseurs, notamment en
raison de la tendance observée dans de nombresx gant la France, de le rendre

transparent fiscalement.

Alors que de tres nombreuses études rendent comptd’intérét fort de
'immobilier en termes de diversification, il restjourd’hui relativement difficile
d’obtenir une exposition a ce marché. Méme si I'mhitier coté atténue certaines
limites de I'immobilier direct, il ne fournit pasna aussi bonne diversification (Hung,
Onayev, et Tu (2008}). De plus, parvenir & un portefeuille immobiliewetisifié & la
fois géographiguement et sectoriellement, comm@demmandent Eichholtz, Hoesli,
MacGregor, et Nanthakumaran (1995) et Florida etl&o (2007), est difficilement

% Stephen et Simon (2005) montrent que I'utilité dlime de Iimmobilier coté s’accroit avec la dudie

'investissement considéré.
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envisageable. Dans ce cadre, il semble indispemsdbl développer de nouveaux
supports permettant de surmonter les limites img@séar les veéhicules

d’investissements immobiliers traditionnels.

4.INTERETS DE L'IMMOBILIER SYNTHETIQUE ET ACTEURS
CONCERNES

Aprés avoir mis en exergue les limites de I'immigljlque ce soit d’'un point de
vue informationnel ou en tant que véhicules d’'itigsgments, nous présenterons dans
cette partie I'intérét de I'immobilier synthétique'est-a-dire des produits dérivés sur
indices immobiliers. Pour ce faire, nous définir@gprésenterons dans une premiéere
section les principaux contrats que constituent fesvards/futures et les swaps;
d’autres produits seront présentés dans la pariarste relative a I'état des lieux du
développement de ce marché. L'intérét potentielidgoduction des produits dérives
en termes de transmission de l'information sera dédbatans une seconde section.
Finalement dans la troisieme section, nous rendmorapte, par le biais d'une
présentation des principales stratégies, de lainpede de ces produits pour les

différents acteurs du marché immobilier.
4.1. Définitions et présentation
4.1.1.Présentation générale

Un produit dérivé est un contrat dont la valeur|gst & un actif sous-jacent et
dont la relation entre le bénéfice et le sous-jageut étre linéaire ou non linaffe
Concernant les dérivés immobiliers, la pierre miéfaas fongible, il ne peut pas exister
de marché de dérivés prenant comme sous-jacentetzagn strictement. Le support
des contrats doit étre un indice immobilier base des transactions réelles ou des
valeurs d’expertises. Il est ainsi possible de @renune position sur le marché
immobilier par le biais d’indices. Ainsi, un achaté€vendeur) pourra acheter (vendre)
de facon synthétique une exposition au rendemeatifpau rendement en capital ou au

rendement total ayant trait a une zone géograploquee un secteur. L'exposition ainsi

% En effet, le contrat peut par exemple entrainemroe c’est le cas pour les options (Call/Put), un

payoff correspondant a une droite coudée.
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obtenue est optimale en termes de diversificatioaqoe le risque diversifiable propre
a chacun des biens de lindice considéré est élimittée acheteur d’'un indice
immobilier revient a investir dans I'immobilier saen supporter les colts de gestion ni
I'expertise requise. Un dérivé immobilier n’étant’uqu simple contrat, le temps
nécessaire a une transaction sur indice est samsigcoe mesure avec celui nécessaire
pour une transaction sur de 'immobilier direct. plas, en n’étant pas grevées par les
colts associés a l'achat et a la vente (directeindirecte) de l'immobilier, les
transactions se font a moindres fraig $ection 5.1.1).

S'’il peut potentiellement exister une infinité degwits dérivés puisqu’il ne s’agit
que de simples contrats dont la construction n'dimiée que l'imagination de ses
initiateurs, nous nous limiterons ici a la préstatades forwards/futures et des swaps.
En effet, méme si d’autres produits ont déja étéaégés, il s'agit aujourd’hui des
contrats les plus activement échangdsHartie 5). Ce choix de la standardisation par
I'utilisation presque exclusive de ces deux types cdetrats réduit les colts de
transactions, les risques juridiques, le temps dnsactions et augmente la
transparence, la liquidé et la confiance dans aelmala documentation de base pour
les dérivés comme pour les dérivés immobilierscelie de I'International Swaps and
Derivatives Association (ISDA). L'ISDA a réalisé des documents standardisés pour
les swaps et les forwards immobiliers afin d’enlii@e I'échange et d’éviter tout vide
juridique. Il est donc possible d'acheter ou de drenun indice par le simple
renseignement du formulaire dibnfirmation form Ce dernier, tres court (trois pages
environ), repose sur @007 ISDA Property Index Derivatives Definitionsdaorms of

confirmation®® détaillant les obligations sur lesquelles repeseohtrat.
4.1.2.Les forwards/futures

Un contrat forward/future est un produit dérivéstgimple. A la différence du
contrat forward qui est échangé de gré a gré, idrabfuture est échangé sur des
marchés organisés. Cette particularité des confrdatges requiert l'utilisation de

chambres de compensation assurant de toute defallde I'une ou de l'autre des

2" http://www.isda.org

28 http://www.isda.org/publications/propertyindexdesiaspx
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parties (pas de risque de défalt)Si cela n'est pas nécessaire sur le marché des
forwards, en pratique, des mécanismes d’appelsatgarsont également mis en place
afin de limiter le risque de contreparfie L'un comme lautre de ces contrats
constituent un engagement ferme a acheter ou arevemd actif (appelé actif sous-
jacent, ASJ) a une date future donnée (la matyséy un prix convenu (lstrike). lls

se distinguent d’'un contrat au comptaspd) dans lequel la transaction est réalisée
immédiatement. Bien souvent, lors du dénouemesitiéeix contreparties procedent au
reglement de la différence entre le prix négoci€asance et le prix du marché
(procédure dite deash settlemeht Trées peu de contrats font I'objet d’'une livraison
(physical settlemeptEn immobilier, étant donné que le sous-jaceilisé@test un indice
de prix, il ne peut étre livré et donc le dénouentkentontrat se fait toujours eash
settlementLa Figure 1.2 rend compte a maturité des fluatiisl & un forward/future
dans lequel I'acheteur s’est engagé a la tat@ayer en dat€ (la maturité) I(t,T), en
échange du niveau de I'indice observélgare,, |+.

[INSERER LA Figure 1.2 ICl]

Ainsi, le gain (ou perte) a maturité pour la padaheteuse du contrat et donc la perte

(ou gain) pour la partie vendeuse est défini par :

Indice a maturité — strike = Gain (perte)pour l'acheteur si positif (négatif) (1.1

Si l'indice est supérieur d’'un point aitrike a maturité, 'acheteur du contrat
gagnera un euro par contrat ; un indice de 101 taritearapportera un a I'acheteur et
inversement fera perdre un au vendeur du contrigtdrike est de 100. Le gain ou la
perte du contrat selon que l'on soit acheteur owndear se comprennent
particulierement facilement si I'on suppose quesdeis-jacent est échangeable sur le

marché. En effet, 'acheteur du contrat achétendite 100 et pourra le revendre 101 et

29 Etant donné que les marchés organisés ne permptisrde choisir la contrepartie du contrat, aucun
échange n’aurait lieu sur le marché des dérivés’'gxistait pas de mécanisme permettant d’évitete

défaillance de I'une ou de l'autre des parties.

% Le risque de contrepartie fait référence a la peotentielle en cas de défaillance de la contrepdrt

contrat.
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ainsi générera un gain de un. Le contrat forwangraodonc permettre a I'acheteur de
parier sur une hausse de l'indice et au vendeuwusarbaisse ; si I'indice est a 99 a
maturité, le vendeur du contrat achétera l'indiocgex de 99 (sur le marché) et pourra
le revendre par le biais du contrat au prix de 10#).contrat rapportera donc 1 au

vendeur du contrat.
4.1.3.Les swaps

Les swaps sont les produits dérivés de I'immoblbksrplus couramment utilisés.
Deux parties s’engagent sur des cash-flows futécgproques, calculés et payés a
intervalles réguliers (généralement chaque anrggpn une formule et une durée
convenue dans le contrat. Les swaps ne sont pas@eh sur des marchés organisés

mais de gré a gré et donc par définition, tousdemes du contrat sont négociables.

En immobilier, le contrat basic de swap consistééatnange du rendement d’'un
indice immobilier contre un taux fixe; I'acheteur recevra chaque année le rendement
d’un indice immobilier en échange du paiement daux fixe. A I'inverse, le vendeur
du swap recevra le taux fixe en échange du paienehd rentabilité de l'indice. Le
rendement de I'indice comme le taux fixe sont pagédsie méme notionnel. Comme
pour les contrats forwards, il est possible d'séiti comme sous-jacent un indice en
capital ou un indice de rendement total, ce qui doamespectivement lieu a gapital
value return swapu a urtotal return swapCes deux produits sont schématisés au sein
de la Figure 1.3. Au lieu d’échanger le rendeméamt chdice immobilier contre un taux
fixe, il est possible d’opter pour le rendement dautre indice immobilieri.e. d’'une
autre région ou d’'un autre secteur ; nous parleadois deproperty type total return

swap La Figure 1.3 introduit également ce produit.

[INSERER LA Figure 1.3 ICI]

Si le risque de défaut peut paraitre important curtype de contrat, Lizieri,
Marcato, Ogden, et Baum (2010) le considérent comégiigeable. Différentes raisons

sont avancées, comme le fait que le principal nepss échangé, que leur traitement

31 |nitialement, les contrats de swaps constituagni’échange du rendement d’'un indice immobilier
contre un taux variable. Un taux fixe y a été stisstafin d’en faciliter l'intelligibilité par leglifférents

acteurs.
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soit favorable et gu’ils soient généralement négoeia un teneur de marché qui se
tenant entre les partiede factg offre une garantie. De plus, des mécanismes dlapp

de marge sont généralement introduits afin d’évdat risque de défaut.
4.2.La fonction de découverte des prix

L’'une des spécificités des produits dérivés e$pation de découverte des prix
qui y est généralement associée. En effet, leérdifits intervenants révelent par le biais
du prix des dérivés une information non transp&rehinon observable sur le marché au
comptant du sous-jacent. Ces prix sont d’autant parsnents qu’ils sont disponibles
pour différentes maturités et ainsi refletent laicgpations du marché en matiére de
prix du sous-jacent pour différents horizons terefsrNous parlons dans ce cas de
structure par terme. La structure par terme egtl&ion associant, a un instant donné,
des prix correspondant a des maturités differenie est observable dans de
nombreux domaines : les indices boursiers, les thimérét, les taux de change... et

désormais le marché immobilier.

Les structures par terme peuvent étre déterminéasdmmultiples dérivés que
ce soit par exemple les forwards/futures, les swapgncore les options (puts/calls).
Cependant, I'information pouvant en étre déduitedd&rente. En effet, le recours aux
options nous permettra d’obtenir de I'informatiam & volatilité attendue des prix par
les investisseurs alors que les forwards ou lespsweous renseigneront sur leurs

niveaux>.

Le prix des dérivés génere de I'information a psope l'offre et de la demande
des différents acteurs pour ces produits. Commeliguent Simon et Lautier (2006)
dans leur ouvrage, la structure par terme synthdtisformation disponible sur le
marché et les anticipations des opérateurs conueti@aenir a plus ou moins long
terme. Il s’agit du lieu ou I'information va étresdéminée. Selon Tsetsekos et Varangis
(2000), un marché des dérivés actif joue un roleoirant dans la détermination du prix
de marché du sous-jacent en améliorant la transpargur les prix présents et futurs.

32| e prix d’un forward est assez facilement intebigi: il s’agit du prix auquel je m'engage a achete

a vendre l'actif/'indice sous-jacent a une dateife. Cela est plus compliqué pour les swaps. Glgrgn
nous montrerons lors du Chapitre 2 de ce travaitatal que les swaps sur indices immobiliers nd son
finalement qu'une série de forwards et qu'il estgible a partir de ces prix d’en déduire le pris de

forwards.
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L’information ainsi transmise par le truchementads prix peut conduire a améliorer
I'efficience du marché au comptant. Ce mécanismeaduisant a une plus grande
efficience se matérialise d’apres Cox (1976) etr&mo (1991) par une augmentation de
la volatilité du sous-jacent en raison d’'une dimimitdes frictions sur le marché des
dérivés. En servant de prix de référence et patefvention d’arbitragistes, leurs
changements de prix liés a une modification deskenble informationnel seront
rapidement intégrés dans le prix du sous-jacentsiAia volatilité, du moins a court

terme, devrait augmenter alors que I'efficiencexarché s’améliore.

Dans un marché souffrant d'un degré de frictiontipalierement éleveé tel que
'immobilier, l'utilisation de dérivés, en améliarala transparence du marché pourrait
contribuer a accroitre substantiellement son effice. Parce que les dérivés sont
caractérisés par de faibles colts de transacliemspécialistes ont la possibilité de tirer
rapidement profit d’'une modification de l'informati disponible sur le marché des
dérivés. Ainsi, ils révéleront leurs anticipatioas marché par le biais du prix des
dérivés qui pourra ensuite I'intégrer sur le marahé&omptant. Les dérivés immobiliers
pourraient également compenser les limites relatate indices de prix utilisés comme
sous-jacents. Si le sous-jacent est prévisitiliePartie 2) et que les dérivés n’intégrent
pas cette prévisibilité, il est priori possible pour un spéculateur de dégager un profit
certain sans mise de fonds initiale. L'’hypothesabdénce d’opportunité d’arbitrage
nous conduit a penser que le prix des dérivés inlraab devrait intégrer toute
prévisibilité relative a l'indice sous-jacent (Gadt et Fisher (2007)). Une modification
de l'information disponible devrait étre instantarent intégrée aux prix des deérives si
la liquidité de ce marché est suffisante. En réagit plus rapidement, les dérivés
peuvent potentiellement étre utilisés comme uncetéur avancé du marché ; le prix
des forwards pourrait expliquer les prix au comptaurs. Dans ce cas, acheteurs,
vendeurs et évaluateurs auraient intérét a cofléet¢information non seulement sur le
marché au comptant mais également sur le marchdéatass. De facon générale, les
dérivés pourraient étre pertinents pour tous lésuas de I'immobilier en fournissant de
I'information qui ne serait pas disponible autremgun ce soit pour les investisseurs ou
pour les pouvoirs publics dans la mise en ceuvte pilotage de politiques publiques

dans les secteurs de I'immobilier et de la consoc
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4.3.Principales stratégies et acteurs concernés

Etant donnée la multitude des applications relatiaix produits dérivés
immobiliers, leur base d'utilisateurs potentiels @grémement large. En effet, tous les
acteurs, qu’ils soient de l'immobilier ou non, squdtentiellement intéressés par les
dérivés immobiliers. L'objectif de cette sous-sewtin’est pas de réaliser une liste
exhaustive des stratégies existantes mais d’eremels les principales, de rendre
compte de leurs intéréts et ainsi de les associeraateurs concernés. Si d'autres
stratégies pourraient étre introduites, elles nestitmeraient dans I'ensemble qu’une

réutilisation de celles présentées
4.3.1.Investir dans I'immobilier

De nombreux fonds d’investissements ou investisseaustitutionnels sont
désireux d’investir dans l'immobilier que ce soind leur pays domestique ou a
I'international. Cependant, en raison des caraatiquies de I'immobilier présentées au
sein des Parties 2 et 3, ils ne le font pas. Btexun véritable besoin pour un véhicule
d’investissement permettant de bénéficier de I'irbitier a court ou a long terme, pour
un moindre co(t, ne nécessitant pas le recours &pécialiste et procurant une
diversification optimale pour un notionnel relativent faible. En offrant une exposition
a I'immobilier sans avoir besoin d’acheter 'ad@xposition synthétique), les dérivés

immobiliers devraient permettre de répondre a seibe

Tout investisseur peut utiliser les dérivés immiebsl comme un véhicule
d’investissement, sans avoir a supporter les ciomgs traditionnellement rattachées a
'immobilier direct et indirect. Pour cela, il siifpar exemple de se porter acheteur d'un
swap sur indice immobilier ; I'investisseur se @eainsi remettre a intervalles réguliers
le rendement de lindice en échange d'un taux fbe.performance de I'immobilier
obtenue est celle d'un indice de prix pouvant fa@férence au marché immobilier dans
son ensemble. Investir dans les dérivés immobilamsfere une exposition a des
centaines, et dans la plupart des cas a des milterpropriétés. L'investisseur acquiert

ainsi une exposition trés large au marché immabdi€il lui serait difficile d’obtenir

% Par exemple, une stratégie permettant & un gesiienrd’actifs de respecter son allocation
contractuelle lorsque le prix de ses actifs évatllest rien d’autre qu’une stratégie consistant soit

investir soit & s’assurer via I'utilisation de dé&s immobiliers ; ces deux stratégies sont présenté
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autrement. Contrairement a la plupart des portidsuimmobiliers, un tel portefeuille
ne contient pas de risque diversifiable. L'utilisatdes swaps permet d’atteindre un
niveau de levier élevé puisque le principal du @nb’est pas échangé. Ainsi, un
investisseur pourra détenir une exposition a l'irbifier de plusieurs millions d’euros

sans avoir a les débourser.

L’'immobilier est probablement la classe d’actif,eavle biais domestique ou
sectoriel, le plus extréme. Comme nous l'avons igupl lors de la Partie 3, il est
difficilement envisageable pour un investisseuvérou institutionnel d’obtenir un
portefeuille correctement diversifié ; cela seratue, long et complexe. Il y a un réel
besoin de diversification au sein méme des poriledsimmobiliers. L'utilisation des
swaps ou des futures offre la possibilité poulingsstisseurs de s’exposer aux marchés
immobiliers internationaux ou a d’autres secteBex. exemple, un gestionnaire d’actifs
spécialisé dans le marché des bureaux en Franceapécdnanger une part de son
exposition a ce marché contre la performance diwcméades bureaux (ou d’'un autre
secteur) au Japon par le biais d’'un swap. Ainsseilspécialise sur un secteur (les
bureaux en France) et se diversifie par le biaisvelps.

4.3.2.Stratégies de couverture

Si les dérivés peuvent permettre de s’exposer sauei immobilier, ils sont
originellement apparus dans le but de s’en assreux situations conduisant a des
stratégies différentes d’assurance existent. Umatégfie qui assure le détenteur
d'immobilier contre toute baisse des prix ou duelogst appeléshort hedgepuisque
l'investisseur entre dans une positishort (il est vendeur du produit dérivé) pour
éliminer son risque. A linverse une stratégie assure le détenteur d’immobilier
contre toute hausse des prix ou du loyer est appaig hedgepuisque I'investisseur
entre dans une positidmng (il est acheteur du produit dérivé) pour éliminen sisque.

Short hedge

Un gérant d’actifs immobiliers inquiet des perspas économiques futures aura
intérét a assurer a la fois le rendement en capttdd rendement locatif s’il désire
éliminer le risque de son portefeuille. Etant dowgél est inconcevable pour lui de
vendre « aujourd’hui » ses actifs et de reconstgoe portefeuille a la fin de la période
de baisse, seule I'utilisation de swaps (ou de éslusemble une solution envisageable.

En effet, en se portant vendeur d’'un swap de reedemotal ¢f. Section 4.1) cela lui
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permettra de convertir le rendement incertain dantiobilier en un flux certain. La
Figure 1.4 illustre ce mécanisme. Le gérant obtiemnldr son portefeuille immobilier un
rendement relatif au rendement en capital et auererdt locatif qu’il reversera par le
biais de son swap a sa contrepartie en échangetalunfixe. Le gérant obtient le
rendement de son portefeuille et reverse le rendedel'indice. Le risque n’est donc
pas parfaitement éliminé, seul le risque de maagipgoximé par celui de I'indice sous-
jacent est supprimé. Si le portefeuille du géranha@ rentabilité plus faible que celle de
I'indice, il devra en assumer la charge. Eliminerrisquevia des dérivés permet au
gestionnaire de couvrir son portefeuille immobildu risque de marché pour une

certaine période, tout en conservant la propriétéas actifs.

[INSERER LA Figure 1.4 ICI]

Cette stratégie dshort hedgeest également pertinente pour les promoteurs su le
entreprises. Un promoteur peut commencer un projetobilier sans s’'inquiéter d’'une
possible baisse des prix entre la date de mise lamntier et la date de
commercialisation. En effet, un retournement duam@rpourrait mettre en péril la
rentabilité de I'opération : un moyen simple poerdromoteur de se couvrir est de
recourir a des forwards sur indices de rendementagital. Leur utilisation lui
permettra de ne plus voir son profit affecté pa é&volutions du marché en lui
garantissant un certain niveau de prix lors deolamercialisation. Pour ce qui est des
entreprises détentrices d'actifs immobiliers, ligdtion de dérivés leur permet
d'immuniser leurs états financiers de toutes flatbns de pri¥. Ainsi, elles
éviteraient de voir la profitabilité de leurs adi®dg principales affectée par I'évolution
du marché immobilier. L'achat de swaps ou de fodsdes protégeraient de toutes
fluctuations des prix de marché tout en leur petanétde conserver la propriété de
leurs actifs stratégiques.

Long hedge

Si certains acteurs du marché sont confrontéssaueid’'une baisse des prix ou

34 L utilisation plus marquée de la juste valeur emptabilité et notamment au sein des normes IFRS

contraint les entreprises a déprécier leurs imnesubh cas de baisse des prix immobiliers.
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des loyers, d’autres acteurs courent le risqueedhausse. Un locataire par exemple est
exposé au risque de hausse de son loyer. Unegitraté typdong hedgeconviendra

également a toute entité qui, a I'avenir, aura lmeg@cheter ou de louer une surface
supérieure. Il s’agit d’acteurs dont le risqueassocié a 'augmentation généralisée du

niveau des prix ou des loyers.

Les entreprises qui voudraient acheter des locang duelques années courent le
risque d’'une hausse des prix et peuvent mettrdage pn mécanisme d’'assurance par
anticipation. Par exemple, une entreprise souhaitinstaller dans deux ans a
Bruxelles peut chercher a s’assurer d’une augmentgenérale du niveau des prix ;
grace aux deérivés, il lui suffira d’acheter desmMards de maturité deux ans et dont le

sous-jacent est I'indice du rendement en capitalbdeeaux bruxellois.

Les particuliers sont obligés d’épargner avant dewvpw acheter un actif
immobilier. lls recherchent un certain niveau digpe relativement au prix de
'immobilier afin de pouvoir emprunter. Dans le cas les prix de I'immobilier
monteraient, ce niveau augmenterait et I'épargneaiteétre prolongée. Une solution
pour éliminer ce risque immobilier est de prendre position longue (acheteuse) sur
des contrats de swaps en capital afin d’assuneoleoir d’achat en actifs immobiliers
de son épargne. Les swaps ou forwards immobilieusgnt permettre de développer de
nouveaux produits d’épargne structurés offrantépdirgnant une protection contre le

risque de hausse des prix.

Pour ce qui est des locataires, qu’'il s'agisse décpdiers ou d’entreprises, ils
peuvent s’assurer d’un risque de hausse des leyeashetant des contrats de swaps de
rendement locatif. S'il est souvent aisé de blodgeiveau du loyer payé a court terme,
le faire sur le long terme sans avoir recours &cdesrats de swap semble plus difficile.

Les stratégies présentées dans le cadre des msathigs deshort hedgeou de
long hedgegpeuvent étre considérées comme étant des stratdgfieta hedgeEn effet,
I'utilisation de swaps ou de forwards et donc d’'eedi de prix ne permet que d’assurer
le risque de marché. Le risque spécifique resta @&hlarge de l'utilisateur de ces
contrats. Il n’est pas assurable, car il poserdamment un probleme en termes d’'aléa
moral. En effet, le détenteur de I'actif n'auraibra plus intérét a le gérer de facon
optimale.
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4.3.3.Générer de I'Apha et stratégies d’arbitrage

Dans le cadre des stratégies steort hedge le gérant retient le risque des
propriétés individuelles et par conséquent tout eemeht en capital ou locatif en exceés
du rendement mesuré par I'indice lui appartientl 8erisque systématique est éliminé.
Ainsi, si les propriétés qu'il détient surperformdindice sous-jacent, le gérant, en
payant le rendement de l'indice, dégagera un rerdemxcédentaire venant s’ajouter
au taux fixe gu’il recoit de la part de sa contréipa Ce rendement supplémentaire est
désigné par le termalpha Ce rendement est associé a la capacité du g&ranbir
sélectionné les biens ayant surperformé le manciméobilier. Si le gérant ne dispose
d’aucun contrdle sur Ibeta i.e. sur la conjoncture économiquealpha quant a lui
dépend de ses compétences propres. Les strat@égigpakhort hedgepermettent de

supprimer lebetamais de conserverdlpha

De nombreux hedge funds adoptent des stratégiesnaigrket neutralneutre au
marché) et cherchent a dégager ddpha En utilisant les dérivés immobiliers, ils
peuvent désormais implémenter des stratégies tagei consistant a acquérir des
portefeuilles immobiliers sous évalués dont ils espiequ’ils génereront un rendement
supérieur au marché puis a en éliminebéta (voir short hedgg Ainsi, ils sont en
mesure de dégager un rendement positif quelle giidasperformance du marché. Il
s'agit de stratégies ditedbsolute returrpuisque le rendement attendu est positif quelles
gue soient les conditions économiques futures. Demsnarché aussi inefficient que
celui de I'immobilier avec de multiples supports, @nbreuses stratégies d’arbitrage
ayant pour but de dégager delfha pourraient émerger par recours aux dérives

immobiliers.
4.3.4.Market timing

Jusqu’ici, nous n'avons fait référence qu'a unepsegsion totale du risque de
marché c'est-a-dire doetaainsi qu’a la possibilité de dégager dalpha Cependant,
les dérivés immobiliers peuvent permettre d’ajuskerfacon dynamique le risque de
marché au lieu de le supprimer totalement. L'olifeest d’accroitre de fagon
synthétique I'exposition au risque immobilier durteeuille lorsque I'on est dans une
phase de hausse des prix et inversement a la degmdans les phases de baisse. Ainsi,
le betadu portefeuille évoluera en fonction des anticgred du gestionnaire en matiere

de conjoncture économique. C’'est pour cette raigenl’on fait généralement référence
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a cette stratégie sous le termenalgrket timing L’exposition au risque immobilier sera
ajustée, soit par I'achat, soit par la vente devdérimmobiliers, en un lapse de temps
court et si nécessaire pour un lapse de temps.cdusju'a présent, un gérant ne
pouvait que trés difficlement monétiser sa cagadt anticiper les évolutions du

marché ; grace aux déerivés immobiliers, il en adésis la possibilité.
4.3.5.Intégration des dérivés au sein des crédits hypatinés

Dans la littérature, les académiques ont tenté cderager l'introduction et
I'utilisation des produits dérivés immobiliers commoyen de couverture des risques
immobiliers résidentiels. Une approche proposée $y, Vanini, et Salvi (2007)
suggere de joindre des options sur indices imnarBilaux crédits hypothécaires. Ainsi,
le paiement des intéréts ou le remboursement deipél dépendront de la performance
du marché immobilier. Si les prix de I'immobiliee slétériorent, le ménage aura soit a
payer un taux d’intérét plus faible soit a rembeunsn notionnel moindre. Cela conduit
a un lissage de la richesse immobiliére nette détpaules ménages et donc a une plus
grande efficience de leurs portefeuilles d’actis. effet, leurs portefeuilles accordent
souvent une part trop importante a I'immobilier, dgnc en diminuer I'exposition
permet une meilleure diversificatitn Ce lissage de leur richesse immobiliére nette &
pour conséquence directe une baisse substantella drobabilité de défaut associée
aux credits. En effet, cela réduit la volatilité chllatéral composé de I'actif immobilier

et de I'option sur indice immobilier.
5. ETAT DES LIEUX

Case, Shiller, et Weiss (1993) expliquent queilietdu marché immobilier et le
risque associé devraient assurer aux produits déuwe demande suffisante a leur
développement. Cette demande pourrait méme dépesBerdes autres marchés de
dérivés et conduire a un volume supérieur a cddgervé pour le sous-jacent. En effet,

par le passage de I'actif immobilier entre plussennains, si tous se couvrent, y compris

% Ceci est d'autant plus vrai que le foyer consid&sgjeune ; ainsi aux Etats-Unis, il n'était pas rde
trouver des personnes pour lesquelles l'immobilieprésentait 300% du patrimoine net. Cette
surexposition forcée, qui découle de linsécabildé bien, entraine une sous-diversification du

portefeuille et une surexposition au risque immiebitompte-tenu de I'effet de levier.
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le promoteur et l'utilisateur final contre le risgde prix, le volume des transactions a

terme pourrait étre bien supérieur au montant dcinésau comptant.

Cette partie relative a I'état des lieux du mardbé produits dérivés immobiliers
vise a présenter leur développement et a rendrepteonfes principales barrieres a
I'établissement d’'un marché mature. Au sein de riampére section, nous rendrons
compte du développement de ce marché au RoyaumeauxiEtats-Unis ainsi que
dans d'autres pays dont la France. Finalementdeia seconde section, les principales
barriéres relatives a leurs développements seréseptées.

5.1.Le développement du marché

Des dérivées immobiliers ont a ce jour été échardmss la plupart des pays
développés que ce soit en Allemagne, en Australie, Etats-Unis, en France, au
Royaume-Uni ou en Suisse. S'ils sont essentiellén@sés sur de I'immobilier
d’entreprise, certains ont trait a de I'immobiligsidentiel. Les indices sous-jacents
utilisés sont des indices d’expertises dans ledeaslérives sur indices d'immobilier
d’entreprises et des indices de transactions dengak de dérivés sur indices

d’'immobilier résidentiels.

Le marché des dérivés immobiliers a d’abord débutéla base de négociations
entre acheteurs et vendeurs avant d’étre internp¥diéipalement par les banques. Les
dérivés immobiliers sont aujourd’hui cotés sur aied marchés organisés dont le
Chicago Mercantile Exchange (CME) aux Etats-Uniswat Eurex au Royaume-Uni.
Cependant, le marché peine encore a se développeste principalement un marché
de gré a gré ou s’échangent pour I'essentiel degfas et des swaps.

5.1.1.Le Royaume-Uni

Le premier dérivé immobilier a avoir été publiquetnéchangé au Royaume-Uni
était un future sur le London Futures and Optioxshanges. Cependant, peu aprés son
introduction en mai 1991, les échanges furent suige En effet, ils conduisirent & des
manipulations artificielles de cours permettant @dre compte d’une liquidité
anormalement élevée. Durant les années 90, d’aig@néstives eurent lieu notamment
sous l'impulsion de la banque Barclays tres déseed’assurer son exposition au
marché immobilier. Elle contribua au développenanbligations dont le rendement

est indexé a un indice immobilier : les Propertgex Certificates (PICs). Le coupon de
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ces obligations assimilable au rendement locaéit é€ & I'indice IPD All Property

Income Return et le notionnel représentatif du eemeht en capital évoluait comme
I'indice IPD All Property Capital Growth. Ces prattupermirent a Barclays d’échanger
son exposition a I'immobilier contre du cash, teut conservant la propriété de ses

actifs immobiliers.

Le marché des dérivés au Royaume-Uni est aujourdénenu le marché le plus
mature au monde, et au sein de ce marché, le déripéus liquide est le swap sur
indice IPD all property total returf®. Ce sous-jacent est un indice annuel sur valeurs
d’expertises créé en 1981. Depuis 2004, des cerdmswaps sont écrits sur cet indice.
Le lancement le 16 septembre 2005 du Property Bivas Interest Group (PDI&)a
été le signal de I'accélération des volumes et'wtdisation du modele Anglo-Saxon
comme référence pour les autres marchés de déailléars dans le monde. ABN
Amro, Goldman Sachs, Merrill Lynch et la Royal Baagf Scotland ont été parmi les
plus actifs a partir de 2005. En 2006, Goldman Sacpromis une liquidité parfaite sur
les swaps en se portant contreparties et donc aapi@nt un certain niveau de risque.
ABN Amro et Merrill Lynch notamment la suivirent m& cette démarche. Quelques

banques dont UBS rendent les cotations disponihiesdiennement sur Bloombéfg

Le marché des swaps sur indices immobiliers offee Royaume-Uni une
relativement bonne liquidité. Si les maturités vusgu'a 15 ans, les plus liquides sont
comprises entre un et trois ans. Pour ce qui estcdéats de transactions, la société
Cushman & Wakefield les estime a dix points de $gsa& an en pourcentage du
notionnel. Ces frais n'ont rien a voir avec ceugoa#es a I'achat et a la vente de biens
immobiliers compris entre 6 et 8% au Royaume-Umi.2B07, il y avait 553 contrats
IPD en circulation au Royaume-Uni pour un notiondel 7,2 milliards de livres
sterling. En 2008, le notionnel de contrat en daton atteignait son point haut avec
prés de 13 milliards. Si certaines transactionsti@itt a des secteurs en particulier de
'immobilier (résidentiel, bureau, etc.), la grand@jorité des échanges est basée sur

I'indice IPD UK All Property. Les indices par seatgrocurent une assurance plus fine

% pour plus de détails sur les caractéristiques tquba de ce contrat, le lecteur pourra se réfélar a
Partie 4.

3" https://www.ipf.org.uk

% Ces cotations sont disponibles sur I'adresse Bl@gbRPRE <go>.
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mais les investisseurs privilégient les contrats plus liquides, définis sur un indice

global convenant au plus grand nombre.

Depuis 2009, des forwards sur indi€D all property, industrial, office et retail
sont cotés sur Eurék Malgré cela, les volumes échangés sur les indRBstendent &
se réduire depuis 2008. Seulement 365 millionsiwted sterling de notionnel ont été
échangées au premier trimestre 2012, soit 76 seia$849 futures (14 transactions sur
Eurex). Si les échanges se sont réduits, les vausaiatifs a notre période d’étude sont,
eux, historiguement élevés. Plus de 19,5 milliglelivres sterling ont été échangées du
ler janvier 2007 au troisieme trimestre 2011 sseld sous-jacent que constitue I'lPD.
Cela représente en moyenne 122 transactions pawstionnel de plus d’'un milliard de
livres sterling par trimestre. Le détail du voluches swaps et des forwards/futures sur
indices IPD est présenté au sein du Tableau 1.2.

5.1.2.Les Etats-Unis

Les produits financiers indexés sur les prix imrtiets ont fait I'objet aux Etats-
Unis d’études assez nombreuses mais elles n'ordqra®e lieu, a ce jour, a des encours
significatifs. Le marché Américain reste cependarsecond marché au monde, apres le

Royaume-Uni, en ce qui concerne les produits deliivénobiliers.

Le premier swap immobilier aux Etats-Unis a étéa@gé en 1993. Il était basé
sur un indice a valeurs d’expertises, le Nationaui@il of Real Estate Investment
Fiduciaries (NCREIFY. Le vendeur de ce swap souhaitait réallouer sdifs ac
immobiliers dans des actions sans avoir a vendrénsmeubles. L'acheteur quant a lui
était une assurance vie désireuse d’obtenir unesitign accrue au marché immobilier.
En 2005, le Credit Suisse développa ce produit.uD&®07, plusieurs banques le
rejoignirent en acquérant la licence nécessailarneerent des plateformes leur étant

dédiées. Cependant, seuls quelques échanges eeugosfu’a présent.

Le 22 mai 2006, le Chicago Mercantile Exchange (¢W¥Bui constitue I'un des

principaux marchés a terme Américain commenca er c#s futures et des options sur

%9 http://www.eurexchange.com
O http://www.ncreif.org

“L http://www.cmegroup.com/trading/real-estate
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le S&P/Case-Shiler Home Prfée Il s’agit d’un indice résidentiel sur valeurs de
transactions dont les dérivés cotés sont dispaniberr 10 villes américairn®sen plus

de lindice composite. Cependant, les volumes n’pat veéritablement décollés.

D’autres produits, essentiellement des swaps, &cmngés de gré a gré sur d’'autres

indices tels que le Residential Property Index (REX
5.1.3.Les autres pays

En dehors du Royaume-Uni et des Etats-Unis, le [dgpement des dérivés
immobiliers n’a été que trés limité et ne s’estliséaque de gré a gré. Basés sur de
'immobilier d’entreprise, les dérivés ont esseligiment été écrits sur des indices IPD.
En France, jusqu’a 1,271 millions d’euros de notgnont été en circulation au
quatrieme trimestre 2009. Depuis, les volumes oigsbaet aucun échange n'a été
recensé en 2012. Des échanges ont également eanlidllemagne, en Australie, a

Hong-Kong, en ltalie, a Singapour, en Suisse neayblumes sont restés limités.

Si les volumes ne parviennent pas véritablemerdcdltér, cela ne signifie par
pour autant que les besoins de couverture ne sentépds. De nombreuses initiatives
visant par exemple a garantir la valeur de reventée rendement locatif d’un bien ont
eu lieu. Nous verrons dans la section suivante pescipales barrieres au

développement d’un marché des dérivés immobiliextirs.

5.2.Principales barriéres relatives a I'établissement d marché des produits

dérivés immobiliers

Il existe différentes raisons faisant du développetmdu marché des dérivés
immobiliers un phénomeéne long, incertain et différpour chaque pays. Certaines de
ces raisons dépendent de la fiscalité alors quatrd® sont inhérentes au marché
immobilier. Les sections suivantes abordent lesigpales barrieres relatives au

développement du marché des dérivés immobiliers.

“2 http://lwww.standardandpoors.com

“3Boston, Chicago, Denver, Las Vegas, Los AngelesmiiliNew York City, San Diego, San Francisco
et Washington D.C.

“ http://www.radarlogic.com
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5.2.1.La définition de I'actif sous jacent

Nous avons vu lors de la Partie 2 que les indicenabiliers, indispensables a la
construction d’'un produit dérivé, souffrent de noauses limites et qu’il n’existe pas
d’indice de prix parfait. N'étant généralement disiile que sur une base trimestrielle
ou annuelle, le prix des dérivés n’est que difficient compréhensible (on observe le
prix du dérivé mais pas celui du sous-jacent)edtimation réguliére du risque associé
a la possession de dérivés n’est que trés apprixan&ur ce point, le Royaume-Uni
en ayant un indice mensuel reconnu par tous etldemariations approximent celles de
I'indice annuel, dispose d’un réel avantage papoapaux autres pays. Cependant, ces
indices, comme tout indice immobilier, souffrent Isage et de tyrannie des valeurs
passées. Pour cette raison, les indices immobihergpourront jamais parfaitement
refléter la dynamique de prix d'un secteur ou duam@ immobilier dans son ensemble.
Ainsi, I'intérét des produits dérivés immobiliersteatténué par les limites liées a la

construction d’indices immobiliers.

Méme s'il était possible de construire sur une lmasasuelle des indices reflétant
parfaitement les évolutions de prix, le choix dindice de référence resterait difficile
en raison de la forte hétérogénéité de l'immobilieorsque I'on examine les
corrélations ou plus généralement l'efficience @ wouverture avec un indice large
appligué a une zone plus restreinte (indice natipaar couverture régionale ou indice
régional pour couverture locale), les résultatst soitigés (Bertus, Hollans, Swidler
(2008)). Les utilisateurs devraient donc étre aéés par des dérivés portant sur des
indices tres variés ; les vendeurs de risque rebkat une couverture surtout locale et
leurs contreparties sont plutdét en quéte d’'une sitipa globale afin d’obtenir une
diversification optimaleDans le cas ou le marché des dérivés se retrouergmenté
par l'utilisation d’'une multitude d’indices souszgnts, la liquidité en serait fortement
affectée. Ainsi, méme s’ils subissent un risquébaee important, les acteurs tendent a
privilégier un indice immobilier global disposantude large couverture afin de
bénéficier d’'une liquidité plus élevée : I'indicélisé n’est alors pas pertinent pour tous
les acteurs. Ceci explique probablement en patr@ison pour laquelle le marché des
dérivés s'est mieux développé au Royaume-Uni qu’Btat¢s-Unis. La plus grande
homogénéité du marché anglais contribue a unegrrsde efficacité des mécanismes
d’assurance basés sur un indice globalmarché Américain étant plus fragmenté que

le marché du Royaume-Uni, l'utilisation d’'un indicke référence tel que I'lPD all
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property n'est que peu pertinent.

Le Royaume-Uni a été capable de développer un matek dérivées immobiliers
bien avant les autres en raison principalement dherché concentré et de la
disponibilité d’indices offrant une couverture la@eine fréquence de parution élevée.
Le développement a d’autres pays des indices IPEasede référence au Royaume-

Uni, a contribué au développement des dérivés iniract
5.2.2.Le manque de réplicabilité

Sur la plupart des marchés de dérivés, les banaggeurent pas le risque de
contrepartie lors de leurs émissions; elles megarplace des mécanismes d’assurance
leur permettant de répliquer les flux qu’elles auira payer et ne font qu’obtenir une
commission pour les produits qu’elles commercialisePour cela, elles ont, en
simplifiant, soit la possibilité d’acheter ou dendee le sous-jacent, soit la possibilité de
le répliquef®. Cependant, il n'est pas possible d’acheter owetedre des indices
immobiliers et il semble particulierement difficitg risqué de les répliquer (risque de
base élevé). En effet, les indices de prix immetslisont trés difficilement réplicables
par recours a de I'immobilier direct en raison nut@ent de I'hétérogénéité, de la
valeur unitaire élevée, du manque de liquidité et dlts de transactions associés a
'immobilier. De plus, comme I'expliquent Hinkelmaret Swidler (2007), I'utilisation
des actifs cotés disponibles ne permet pas de nésaal probléme. Ne pouvant
s’assurer des contrats qu’elles émettent, les baniuéent leur risque en recherchant
une contrepartie & chaque nouveau contrat émiss Bljissent principalement comme
des intermédiaires ou, quand elles acceptent utaeaisque, vont tenter de I'assurer
par de multiples stratégies. Cependant, ces skeatéssent généralement place a une
part de risque non négligeable et donc, en l'alsete contrepartie, les banques

limiteront le volume de contrats mis en circulation
Le manque de réplicabilité des indices immobilielisnplique par pour autant
gue le marché des dérivés qui y est associé n'a’pasenir. En effet, d'autres marchés

tels que ceux des dérivés climatiques ou de lliimilg se sont développés alors méme

“5 Répliquer le sous-jacent revient a constituer urigfeuille d’actifs dont la dynamique de prix est |
méme (en termes de rendement et de risque) qumugejacent. Pour cela, il est possible d’acheter le
différents composants de I'indice ou de détermipar le biais de modeéles statistiques un porteteuill

d’actifs répliquant.

Thése de doctorat 63|Page



Chapitre 1 : Présentation des acquis et positioenénes problemes

qgue leurs sous-jacents ne peuvent-étre répliquatse $existence d’'un indice obijectif,
fiable et reconnue par I'ensemble des acteursjtpagaessaire. Aussi longtemps que les

utilisateurs acceptent cette mesure, le marchéé®ges peut étre bien établi.
5.2.3.La formation des acteurs

La disponibilité d'un indice sous-jacent pertin@st nécessaire mais insuffisant.
En effet, il est indispensable, pour que le mapkiése se développer, que les différents
utilisateurs potentiels soient formés a l'utilisatides dérivés immobiliers. Habitués
depuis longtemps a de simples stratégies d’achd¢ ebnservation ditdsuy and hold
en anglais, les acteurs de I'immobilier direct nm,oans I'ensemble, que trés peu de
connaissances quant aux produits dérivés. Leursattdn nécessite une parfaite
compréhension de la dynamique de prix suivie padite, de l'effet de levier, du
risque de base, des ratios de couverture, et deanisénes d’appels de marge. Il est
également important de les informer quant a I'étté&n termes de codts et de temps de
transactions des dérivés mais aussi quant a lébjiéss’offrant a eux de monétiser de
facon plus efficace leurs capacités a sélectiolaseactifs les plus rentables (possibilité
de générer dedphg ou a anticiper les évolutions du marché immobilgtratégies de
market timing. De plus, ils n'ont pas nécessairement conscigocasque immaobilier
et donc de lintérét de s’en assurgm les dérivés. La crise récente des crédits

hypothécaires américains a cependant contribu&duar cette conception faussée.

Le manque de formation des différents acteurs agsroles dérivés immobiliers
tend tres progressivement a se résorber. Ces tesré@nées, de nombreux Masters
d'immobilier ont vu le jour dans la plupart des pagéveloppés et traitent de la
problématique des dérivés. De plus, différenteatines visant a faire connaitre ces
produits ont été réalisées. Par exemple, Hefimas Royaume-Uni a réalisé un
concours visant a utiliser des produits dérivés aitrers fictifs mais réalistes afin de
rendre compte de leur utilisation. Cette initiatseza relayée en France par I'lElfen
octobre 2012.

“® http://www.hermes.co.uk

4 http:/lwww.ieif.fr
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5.2.4.La régulation et la fiscalité

La régulation et la fiscalité des dérivés immoldiguent un réle crucial dans le
développement de ce marché. Cependant, le caddeyjier €tant propre a chaque Etat,
il est impossible d’énumérer les mesures conduigatttraver leur développement. Au
Royaume-Uni, la Financial Services Authority (FSA),par exemple, contribué au
développement des dérivés immobiliers en permettantcompagnies d’assurances de
les intégrer dans leurs ratios de solvabilite. &keurs, en 2004, le Royaume-Uni a
établi un régime de taxation pour les dérivés imilresb supprimant toutes barrieres a
I'entrée. C'est ce cadre juridique qui a probabletmeontribué a expliquer leur
développement.

La reglementation comptable constitue égalementveateur important du
développement des dérivés immobiliers. En effetnsdéa plupart des régimes
comptables, une distinction est généralement faittre les produits dérivées de
couverture et ceux dont l'intérét principal n'esttra que la spéculation. En IFRS
(International Financial Reporting Standard), sidaptabilité de couvertufén’est pas
applicable, les gérants ont un intérét moindrewvipleurs positions. En effet, la mise
en ceuvre de la couverture peut entrainer une phusdg volatilité des profits bien
gu’économiquement les fluctuations seront partiediet annulées. L’application du
standard IAS 39 relatif a la comptabilité des actié couverture en IFRS requiert que
I'effectivité de la couverture ait été démontréatistiquement par des tests numériques.
Etant donné le risque de base relativement éleged® la couverture d’'un portefeuille
immobilier via des produits dérivés et les criteres requis pamréiglementation
(coefficient de la droite de régression comprisOgh et 1.25, un R2 de plus de 96%,
etc.), la mise en ceuvre de la comptabilité de adure semble impossible.
L’établissement d’une comptabilité propre aux désivmmobiliers semble importante

afin d’assurer leur développement.
5.2.5.La liquidité

La réussite du marché des dérivés doit conduirenamarché liquide. De
nombreux acteurs ne rentrent pas encore sur lehénates dérivés immobiliers en

raison du manque de liquidité qui y est associé. fdisela liquidité établie, les dérivés

“8La comptabilité des dérivés en actifs de couversores IFRS correspond au standard IAS39.
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immobiliers pourront méme attirer des spéculatewisne font pas traditionnellement
partie de l'immobilier. Le marché des dérivés imitiels manque aujourd’hui de
diversité au sein de la base de ses utilisateors gue cette base est potentiellement
tres large ¢f. Section 4.3). La conséquence directe est quectesira auront tendance a
entrer sur le marché au méme moment et a rechdesherémes positions rendant ainsi
tout échange impossible. En effet, les dérivés ibili@ss permettent aux investisseurs
de tirer parti de différences en termes d’anticgret du niveau des prix futurs. Le
marché des dérivés au Royaume-Uni est le seul mareléir atteint pour I'instant un

niveau de liquidité relativement satisfaisant.

6. CONCLUSION

Cette thése de doctorat étant au confluent ded¢adie et de I'immobilier, il nous
a semblé important de présenter au sein d’'un prechigpitre les principales notions
nécessaires a sa compréhension. Ainsi, avant daget les aspects financiers des
dérivés, nous avons consacré les deux premieréede ce chapitre a I'immobilier.
Les indices de prix dont la compréhension est pefisable a I'analyse des produits
dérivés immobiliers ont été introduits. En effee sont sur ces indices que sont
construits les dérivés. Les limites de I'immobildirect et indirect ont également été
précisées. Cela nous a permis de justifier deéf@ttde ces produits mais également
d’introduire les difficultés auxquelles seront camités les acteurs de ce marché. En
effet, les meéthodes traditionnelles d’évaluationtesli risque neutre, paraissent
difficilement transposables au marché immobilikr sous-jacent n’est pas échangeable
et semble particulierement difficile a répliqueetté derniere caractéristique résulte a la
fois de la dynamique propre aux indices immobilimas également des spécificités de
immobilier.

En raison des limites de I'immobilier direct et iretit en termes de véhicule
d’investissement, l'utilisation des dérivés revét intérét particulier. Les principaux
produits que sont les forwards/futures et les swanass également les stratégies
financiéres qui y sont associées ont été présebB@sombreuses stratégies jusqu’a
présent réservées au marché actions ou obligatgssvent désormais étre
implémentées grace aux deérivés immobiliers. De fagénérale, si la fonction de
découverte des prix se trouvait vérifiée pour Iésives immobiliers, leur présence

serait particulierement profitable pour le marchengl son ensemble. En effet, en
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fournissant de l'information qui n'est pas dispoaildutrement, ils constitueraient un
facteur d’'aide a la décision, que ce soit pouritegstisseurs ou les pouvoirs publics.
Dans un marché souffrant d'un degré de frictiortipalierement élevé, I'utilisation de

dérivés pourrait contribuer a accroitre substdetignt son efficience en améliorant la

transparence du marché.

Malgré l'intérét potentiel fort des dérives immabis, ce marché peine a se
développer. Il est aujourd’hui essentiel que lestances de régulation et les
fournisseurs d’indices s’unissent quant a la mis@lace d’'une organisation a partir de
laguelle la confiance et la liquidité, phénoméneaanforcant, puissent se développer.
Par ailleurs, en raison notamment du manque decabgité de lindice, il existe
actuellement un manque cruel de connaissance guamynamique de prix suivie par
ces produits. Préjudiciable a leur développemaestte carence doit étre comblée. Grace
au marché des dérivés immobiliers au Royaume-Umiadiant d’une liquidité ainsi que
d’'un historique de prix satisfaisant, il est désaisnpossible de conduire des études

empiriques.
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Tableau 1.1 Les indices IPD en décembre 2010

Ce tableau rend compte de la fréquence de puldicatie la taille ainsi que du ratio de couvertues différents
indices IPD pays par pays. L'estimation de la ¢aititale du marché fait référence a I'estimationadgaleur des
actifs immobiliers du pays détenus par les fondsvdstissements. Le ratio de couverture correspoladproportion
estimée du marché total intégrée dans l'indice IBExtains indices sont dits, d’aprés la terminaodiD, frozen
unfrozenou encoreconsultative Si le fonds esfrozen toute introduction d’'un nouvel actif au sein dedice
n'entrainera pas de réévaluation rétrospective rdadements ne seront jamais réévalués. A l'ieydiatroduction
d’'un nouvel actif au sein d'un indieanfrozenentrainera sa réévaluation rétrospective. Pogucest des indices dits

consultativesun groupe consultatif se réunira afin de décsilégs rendements passés doivent étre réévalués.

Valeur en -
Nombre ’\[icr’g;)tr)iréetg: capqgl ples E\Sttgirl]lztlt%rt]acli: S:ouvertuore de .
de fonds  dans la base [}roprletes de du marché I'IPD (en A) du Statut Fréquence
IPD a base IPD (Mrd€) marché)
(Mrd€)
Australie 35 1503 120.3 230.4 52.2 unfrozen Quaterly*
Autriche 16 618 8.4 29.6 26.1 unfrozen Annual
Belgique 30 336 10.3 56.2 18.3 consultative Annual
Canada 34 2423 95.7 170.6 57.2 unfrozen Quaterly*
République tchéque 19 116 3.6 14.4 25.0 consultative Annual
Danemark 20 1004 18.8 45.1 41.6 unfrozen Annual
Finland (KTI) 21 2285 27.6 53.6 51.4 unfrozen Annual
France 115 7489 152.7 281.1 54.3 frozen Annual, Biannual
Germany 61 4281 62 362 171 unfrozen Annual
Ireland 12 305 3.2 3.8 82.9 unfrozen Quaterly
Italie 49 1466 23.9 112.8 21.2 unfrozen Annual, Biannual
Japon 42 2239 106.5 697.2 13.8 unfrozen Annual, Monthly indicator
Corée 23 128 13.8 49.5 27.9 consultative Annual
Pays-Bas 53 4654 52.1 153.9 33.8 frozen Annual, Quaterly
Nouvelle-Zélande 14 - - 8.7 66.1 unfrozen Quaterly*
Norvége 12 577 21 53.3 39.4 unfrozen Annual
Pologne 21 201 5.7 20.4 28.1 consultative Annual
Portugal 31 1012 13.2 20.9 63.1 unfrozen Annual
Afrique du sud 21 1970 27.9 44.4 62.9 unfrozen Annual, Biannual indicator
Espagne 41 330 11.4 53.4 21.3 unfrozen Annual
Suede 16 1105 33.7 139.8 24.1 unfrozen Annual
Suisse 35 4180 72 170.7 42.2 unfrozen Annual
Royaume-Uni 288 11276 210.6 364.6 57.9 frozen Annual, Quaterly, Monthly
Etats-Unis 48 3159 119.3 1824.1 6.5 unfrozen Annual, Quaterly
All IPD Eurozone 429 22776 364.6 1127.3 32.3 unfrozen Annual
All IPD Europe 821 41119 726.3 1921.1 37.8 unfrozen Annual
IPD Global 1057 52657 1213.4 4960.5 24.5 unfrozen Annual

* données annuelles reportées trimestriellement
Source IPD
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Tableau 1.2 Volumes des dérivés immobiliers sur indices IFu Royaum-Uni

Le tableau cHessous rend )mpte des volumes de contrats échangés sur iniPD du premier trimestr
2004 au premier trimestre 22 en millions de livresterling.

IPD/IPF Trade Volume Report UK

Darivatves fraded cn IPO Ingloos reporied to and of March 2042
Raporiad on 3rd May 2012

Th i ool ooy o7 S Dpe S oS Bve S0 of L L comimar ol propenty’ dardalibes manked imced’ ov P indbes, 0T seqps shod Januny S04 ang s somtmcts Shoe
SR, The comided LGS 4D Swaps IeuTes e e Shown ol oot by procuct. The OTC seaps rolamas are proutied Io (7D by e ands I ot traxcie o i and
i FLrGs G MRS AN STvEed by Bl

Total Darivaiive volumas.  OTC Swaps: Eurex fubares
OTC amd Futures canTiraschs. ‘oormiracis
Notional of Trades Exscubed [Em) in Quarar 01 2012 el 2w £142m
Total Cuestanding Notional Vakue (B as al and Q1 ZH2 E3,021m £2,778m £243m
Humbar of Tradafoontracts executed in Quarier O 22 k-] 14
Humbar of Cuistanding Trades/'comiracts as ot end 01 202 =) 4,840
TotalDorvtives OTC Swape
Totsl Motz Tolnl Total Kumber of Total Rumbar
of 1'— Totsl -nr'rr— n-u-ﬂrq Tiotad Fumiber of Tolsl of conteacty Comachy of Traden.
o mch Humbar =f Tradas Exscuted Eascuted sact facutsd mect Exscuted
Chamrtr Brry Metiorad (Br§  Couariaer H Trades  aach Cuarier FMatonal Cunrter B, ‘caniracts ‘Custar  mach Dusrier
305 2778 550 ] 243 142 4,840 2,843 14
40 £060 !m 50 a 181 ] 3,014 1,288 15
158 4080 2l =] £ 120 B0 ZEIT 1,729 5
148 ame 145 1] 51 ] 3 1,233 -] 3
402 2122 'F] =] 4] ] 20 1,208 £00 15
221 7380 it ] 1040 53 a7 38 1,73 1] =
70 T.ADE T3 1,000 78 57 4B 1,182 o7 5
240 LT 24 ] 50 1 o 212 -
483 BETA 483 e L] 1 o 212 1 1
w2 508 o7 1397 88 12 5 245 100 z
3] a7oa o7 1306 o 12 1 245 214 ]
[ 8225 ] 1155 141 1 1 223 219 4
5EE 7.705 554 1,008 148 1 1 14 14
o 11,182 ] 1,188 150
1028 ELELT] 1,028 10854 137
1008 10,140 1,828 1] 253
R a0 3,441 75D 257
1002 ez 1,002 708 214
1,000 Taie 1,060 43 E1]
o 7200 ] 473 a0
2527 o7 a7 428 153
504 LT.= BO4 415 a7
1068 24124 1,058 70 a0
513 2480 E13 180 B4
B3 1.9 B3 130 =]
183 1410 183 B0 24
121 o7 121 i 14
a2 500 221 42 28
225 4BE 225 it ]
200 200 200 0 10

Nota Tat tho 1olal estimata k= 2 sum of all markat acthiy rathor than T nat maichad notional posfion a5 T = nol yet possibic 10 oross-link imar-Dank tradas.

Copyright notics and disclaimar -

Thi Indices and fhe mariet wolums data are e auciesive propeny of IFD. IFD owns all of the neliectual proparty rights in tha Indices and markat volume data, including

o databasa right. *IFD" s tha registencd frad mark of IPDL Al Fights ans resenved. Mo sala, distribution, rarsmission, copying of othar formm of making avaliabic ary of FD's data o
Indices may be mada withowt IF0's prior wifthen consent. For corvatha trades which wsa the Indicas IFD has a standard Ecence agraemant wiich s avallabic upon requast. IFD dogs
not Sponsor, endoms, sell or promos any darhatve procducts o any ofer Ivestment or SeourRy [~ Dermvative Froductjs]T]. D makas no wamanty of repressntation whatscever,
WhaTer EEress of Implad, as 10 the results B0 De cbiained from tha wsa of any of Es Indices or market woluma data In connection with any Derivativa Froduct. IPD shall not be labic
whethar I negigencs or oherwise 10 any parson 1or any arTor in any INCGEX or markat Volme data and s not under any obigason to advisa any person of ATy Gmor thersin
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Chapitre 1 : Présentation des acquis et positioenénes problemes

Figure 1.1 Comparaison des évaluations avec un prix de versipeur

(difféerence en pourcentage)

Ce graphique réalisé par I'lPD porte sur la périv€i@88-2010. L'axe des abscisses correspond a la
différence en pourcentage entre le niveau d’unéuétian et le prix de vente postérieur qui y est
associé. L'axe des ordonnées quant a lui assozt@@ue erreur en pourcentage, la fréquence (en
pourcentage) d’apparition de cette erreur au seif’é@hantillon détenu par I'lPD. Comme il
existe souvent un délai important entre la derniém@luation d’'un bien et sa date de
commercialisation, les évaluations ont été préalabht ajustées. Si cela n'était pas le cas, un
marché haussier (baissier) impliquerait des prix tensactions nécessairement supérieurs
(inférieurs) aux évaluations alors méme qu’elles éé correctement réalisées. Pour éviter ce
biais, les évaluations sont ajustées du rendemengapital observé sur l'indice IPD entre la date

d’évaluation et la date de transaction.

40.00
35.00 -
— France
30.00 Netherlands
—— Germany
25.00 - —_ UK
20.00 -
15.00
10.00
5.00 1
0.00 T T T T T - -
<-30% -20% and -10% and 0 0 10% 20% >30%
-30% -20% and -10% and 10% and 20% and 30%

Source www.IPD.com
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Figure 1.2 Paienent d’un forward/future sur indice immozr a maturit

Cette figure rend come des flux relatifs & un contrat forward ou fetut’'un comme l'autre
constituent un engage!nt ferme a acheter ou a vendre un actif (appeifsousjacent, ASJ) a
une date future donnéea maturité) pour un prix convenu (leike). Ici, I'acheteur s’est engagé
la datet a payer en dafT (la maturité)|(t,T), en échange du niveau de I'ine observé €T, i.e.,

I+. Le niveau de l'indiceobservé e, lui, payé par le vendeur du contrat.

Payement de I’indice a maturité

=1
Vendewrdu | ( _T)_ ______ > Acheteur du
Contrat contrat
(Short) (Long)

Payement a la date T (la maturité) du
strike du contrat (=I (t,T))
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Figure 13 : Les 3 principaux swaps immobiliers

Ces graphiques kématisentes flux intervenair dans les trois principaux sws sur indic
immobilier. En immobilier, lecontrat de swap consiste en I'échange du rend d’un indice
immobilier (payé par le venar) contre un taux fixe ou un taux variable (ppgr I'acheteur
définis sur un certain notioni. Le rendement de l'indice peut étre soit ungéeden capite, et
nous parlerons dans ce cas ( (1) capital value return swaysoit un indice de rentment total €
nous parlerons alors de (®tal return swa. Dans le cas ou un taux variable utilisé, il se
définit par exemple comme laux EURIBOR a 3 mois (3m Euribor) auquel s’ae un certait
nombre de points de baseshbps). Cependant, le taux variable peut égalemarespondre a
rendement d’'un autre indicenmobiliel, i.e. d’'une autre région ou d'un autrecteu; nous
parlerons dans ce cas de B3pperty type total return swi. Dans le cas de ce derr contratun

taux fixe peut également étreouté a I'une ou a I'autre des parties afin d’éheer les paiement

esperes.
o (Canital value return swan
apital value return swap
IPD Canital Return x Notionnel (<1 nositif)
- RS oy
Vendeur du IPD Capital Return x Notionnel (si négatif) Acheteur du
contrat contrat
(Short) (3m Euribor + x bps) x Notionnel ou Taux_fixe * Notionnel (Long)
I standard

* Total return swap
IPD Total Return x Notionnel (si positif)

Vendeur du IPD Total Return x Notionnel (si négatit) Acheteur du
contrat contrat
(Short) (3m Euribor + x bps) x Notionnel ou Taux_fixe x Notionnel (Long)

I standard

* Property type total return swap
IPD Commercial Total Return x Notionnel (si positif)

Vendeur du IPD Residential Total Return x Notionnel (si négatif) Acheteur du
contrat contrat
(Short) Taux_fixe x Notionnel (Long)
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Figure 1.4 :Utilisation d’'un swap de rendement total dansdére d’'une stratégie de

couverture

Ce graphique rend compte des flux intervenant dansise en ceuvre d'une stratégie dite siert hedge
L'investisseur cherche ici a couvrir le risque da portefeuille immobilier. Pour cela, il vend umap sur indice
IPD total return et recoit en échange uaux fixe L'investisseur percoit la rémunération de sontgfeuille
d’actifs immobiliers (rendement en capital et remdat locatif) qu'il reverse a sa contrepartie seuorme de la

rentabilité de I'indicdPD total returnen échange d’'un taux fixe.

Rendement du portefeuille

: Taux fixe . immobilier de l'investisseur
Contreparte @+————————— Investisseur Nq.-._._._._._. _._. -
(acheteur du contrat [« (vendeur du contre
Rentabilité de 'indicéPD

total return

Thése de doctorat 8l|Page



Thése de doctorat 82|Page



CHAPITRE 2:Stripping of real estate-indexed
swaps and forward term structure: interest and

computational method

ABSTRACT

The recent growth of the real estate indexed devesimarket calls for a
greater attention to the pricing of these produttss paper contributes to
the literature providing a simple connection betwésstruments such as
year on year zero coupon swap or real estate indExards. A closed-
form formula for property swaps based on indexewvéods is established
and special attention is paid to the convexity simjient problem. Finally,
we introduce a bootstrap method to compute thei@dpforward term
structure using the swap prices. This simple fraotkwenables market
practitioners to obtain valuable information frolretderivative market for
their investment decisions and their risk manageéntedeed, forward prices

are generally an advanced indicator of future ppioes.

Keywords: swap, forward, term structure, diffusion procedsange of

probability measure.
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1. INTRODUCTION

Property derivatives are products that derive thalues from real estate indexes,
e.g, Halifax or IPD Case-Shiller. They involve payoffseat depend on the level of the
real estate return defined in terms of the perggntariation of the index. Indexes are
computed using a basket of properties with a aetaverage rate of the whole market.
Property derivatives give access easily to a un@gset class and allow trading real
estate in a liquid form and for short-term horizoRsoperty derivatives could also offer
portfolio diversification, efficient in the sensé Markowitz, by taking position on the
overall market and not only on some properties;others words they make the
diversification of the idiosyncratic real estatskriaccessible for small or medium size
portfolios. They could improve diversification balbmestically and internationally and
facilitate arbitrage strategies between variousketar More generally, these products
could help investors retain the value of their @by using hedging strategies or profit
from their expectations relative to the real estaseket or both. Furthermore, the listing
of property derivatives may contribute to easingddluctuation in property prices by
serving as an anchor for the market price of theetyithg assets through the so-called

price discovery function of the future market.

Property derivatives have been for the most paweldped in the UK and
appeared in the United States only recently. InUKe the property derivatives market
has expanded mainly with the TRS (Total Return Svspce 2004. In the US, the
property derivatives market has been continuousixetbping since 2006. In May 2006,
futures transactions using house price indexes Vigexl on the Chicago Mercantile
Exchange (CME); developing an environment wher@@ity derivatives can be widely
used by individuals. In the UK, Futures are quotedEurex but the volume stays
relatively low. Property derivative market is sth over the counter (OTC) market
where the Total Return Swap (TRS) on Investmenpéhty Databank (IPD) indexes
is the most liquid contract. Other property deliwed have been traded in many

countries but for the moment the volumes remairelow

A 2006 survey of USA real estate investment marsagand other likely

9 The Investment Property Databank Ltd. was cremtéde UK in 1985 and was meant to measure and
analyze properties by compiling data from leadingpprty investors. Concerning the UK indexes, data
have been published for the first time in 1985reaich back to 1981.
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participants in the derivatives market, conductgdhe MIT Center for Real Estate,

identified a lack of confidence in how the derivas should be priced as one of the
most important perceived barriers to the use ofdbevatives: 75% of respondents
indicating this as either an “important” or “vemportant” concern. This paper aims to
improve the understanding of the real estate indlexeap by decomposing it into its

building blocks. We consider the zero-coupon resthte swaps.e. the real estate

forwards, as being the basic elements of the swafraxcts. Forward price fluctuations
are easier to interpret (there is only one cashjfltvan the fixed-quote of a swap
relative to cash-flows with different maturitiesowWever, in the case of year-on-year
indexed swap, we are a facing convexity problems paper explores the problem in a

consistent framework.

To define, the pricing formula linking indexed swaj their primary elements,
the indexed forwards, we use results relative t itiflation-indexed swaps. In the
literature on this topic, two principal approaclhese been developed so far. Exploiting
the foreign-currency analogy, Mercurio (2005) desivdosed-form formulas for both
inflation-indexed swaps and options. A different @geh has been independently
proposed by Kazziha (2000), Belgrade, Benhamou, Kamehler (2004) and Belgrade
and Benhamou (2004) who consider a market-modeidoas forward indexes. They all
notice that a forward Consumer Price Index (CPI) aismartingale under the
corresponding (nominal) forward measure and, byurassy driftless lognormal
dynamics, derive explicit formulas for swap and <dpat can be seen as a simple
translation of the Lognormal Forward-Libor ModeHM) case. Brigo and
Mercurio (2006) provide a rigorous and comprehemsummary of all these works.
Here we use a multi-asset approach in which retdteedorwards are treated as
stochastic processes. As a consequence, compledatmn structures are introduced
and hedging real estate derivatives that pay retdtee rates could sometimes be

counterintuitive and unstable.

This paper is organized as follows: Section 2 ds=fithe contract characteristics
and the notations relative to the Year on Year Bs#hte Indexed Swap (YYREIS), the
Zero Coupon Real Estate Indexed Swap (ZCREIS) dmd real estate forward.
Section 3 introduces the stripping of the ZCREI$oimeal estate forward while
Section 4 introduces the equivalent for the YYRHIBen, we present the forward term

structure and its computational method without caityeadjustment. The final section
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concludes.

2. DEFINITIONS AND NOTATIONS

In this section, we start introducing the YYREI$ieh we define the ZCREIS and
the real estate indexed forwards. The main resafiarding property derivative prices
referenced in the literature are also presentet.th® contracts are zero-sum game

between the buyer and the seller.
2.1.Year on year real estate indexed swap

The UK YYREIS is an OTC contract where parties swaapannual real estate
total return index for an interest rate. Since 2G86re was a shift towards a simplified
annual contract with fixed interest rate. The cactis are quoted in terms of this fixed-
rate. The structure of the standard total returapsis reasonably straightforward. At the
beginning of the contract, the purchaser of retdtesisk agrees to pay a fixed price
each year over the term of the contract, usualtwéen one and five years, based on a
notional contract size.g.£10 millions. In exchange, the buyer receivesaimeual total
return of the relevant index that the contractasdal upon from the counterparty. Figure

2.1 summarizes the YYREIS contract characteristics.

[INSERT Figure 2.1 HERE]

One of the benefits of the total return swap fdouger is that no principal is
exchanged. As an OTC instrument, swaps can betwsteacand tailored to suit the
needs of an individual investor. However, we ordgus on the conventional form in
the UK market, based on a fixed-rate. Their pripeste the fixed-rate leg over calendar
years irrespectively of when the trade was execut¢dhe origination, the fixed-rate
leg is defined such that the price of the contb&cequal to zero (this avoids exchanging

cash flows at the beginning of the contract).

Given a set of datés,..., Ty, a real estate-indexed swap is a swap where, dn ea
payment dateRarty A (the seller) pay®arty B (the buyer) the real estate return over
the predefined period, whilearty B paysParty Aa fixed-rate denoted k. The real

estate return is calculated as the percentageriaitioas of the absolute real estate index
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over the time interval it applies to. The amountdpgay Party Aeach timeT; is

N [Ss—_l - 1], 2.1)

whereN is the contract nominal value aBdhe level of the absolute real estate index at
datei. Figure 2.2 highlights the cash flow across tiroe the long part of the swap

(Party B).

[INSERT Figure 2.2 HERE]

If the real estate return becomes negative likeignire 2.2 at date t=3, then the buyer of
the swap has to pay this retumg, —N (§—3 — 1)) in addition to the fixed-leg. Thereby,
2

in the case where the seller of the swap is a ptpp&ner, he receives in cash the loss

incurred on his portfolio.

The usual arbitrage argument tells us that if titaltreturn real estate indexes
were tradable on the cash market without marketidns, we should observe a quoted
rateK on the YYREIS equal to the risk free rate. Howeveal estate indexes are not
tradable on the cash market and, moreover, thdgrsitbm many imperfections. For
example, appraisal-based indexes generally usgudperty derivative exhibit a strong
momentum related to a lagging effect and a smogtéifect. On that basis Geltner and

Fisher (2007) identified the existence of a feasitading window summarized in

Equation 2.2.
where
rf = is the riskless interest rate.
L = the difference between the index and the ptgpequilibrium risk

premia plus a correction corresponding to the pgiadf the momentum
that can be forecasted.

a = corresponds to the alpha expected by shortegairtom their covering
portfolio. It makes reference to the return of fneperty portfolio hedged

by the swap (without systematic risk) in excesshef risk free rate; it is
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associated to the portfolio manager abilities t@kpthe properties
generating abnormal returns (without a risk coyrete>°.

B (b) = reflects the private expectation of the lonbof$) side to reflect his
relatively bullish (bearish) real estate outloole ean assume that B (b) is
positive (negative).

Note that the termsf + L are common to both sides of the condition state in
Equation 2.2. Thus, if both parties have neutrgleexations from the market, and the
short party expects no alpha from their coveringpprty portfolio B=b=a=0), then
the only feasible trading price, Equation 2.3, sirggle point which includes the index

lag effect,L.

K=rf+L 2.9

In Equation 2.3, the meaning of price changes énstiap market at the equilibrium has
only three components, (1) a change in the risle frates, (2) a change in the
momentum of the index or/and (3) a change in tlaé¢ estate risk premium. Here, we
get back an almost classical spot-forward arbitratgtion.

Other authors akizieri, Marcato, Ogden, et Baum (2010) expand fissably
trading window defined in Equation 2.2 or EquatihB by adding other factors as the

transaction costs.
2.2.Zero coupon real estate indexed swap

The basic structure of the ZCREIS is straightfodvarhere is only one financial
flow, at the end, without any other intermediatshcllow. At the maturity date there is

a swap of a fixed amount against a floating amoiuntthe final time, the contract

** The property owners which are selling real estai@ps and then obtain systematic risk free portfolio
are theoretically expected to earn the risk frae.rd these portfolios generate more, then arpéras
should buy real estate and obtain abnormal retien,a return higher than the risk free rate withdask
counterpart. When the fixed-rate will equal thé fiiee rate, there is a priori, no more interesgeo for
arbitrageurs in this strategy. However, Geltner Bisther (2007) explain that if sellers think todide to
generate a positive alpha on their portfolios thikay can accept a fixed-rate at least equal toisheree
rate minus the alpha return. Indeed, alpha is @mewithout risk counterpart and then the sellelt wi
continue to earn at least the risk free while avmjch fall of the real estate market (systemask)riThis

reasoning can be partially questioned if one iraty frictions such as transaction costs.
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maturity, Ty, assumingly=M years Party B (the buyer of the contract) paifarty A

(the seller of the contract) the fixed amount

N[((1+K)M —1], (2.4)

whereK andN are, respectively, the fixed-rate of the contead the notional value. In
exchange for this fixed paymemarty ApaysParty B at the final timeTy, the floating

amount
Su

N|—-1]|,
[SO ]

whereS, is the level of the real estate at the issuante ofathe contract ansl,, the
level of the real estate index at the contract unitgt date. Figure 2.3 schematizes the
ZCREIS cash-flows for the long part of the swRarty B).

[INSERT Figure 2.3 HERE]

A Zero-coupon swap maturiffy can be assimilated to the first cash-flows of the
YYRES relative to the maturity;.

2.3.Real estate indexed forward

A real estate forward contract may be describedrnaagreement established at
date 0 between two parties to exchange at somd fixieire date a given real estate
index for an amount of money defined at dat@&rty A(the seller of the contract) has
the obligation to deliver at the fixed future dat¢he amount equivalent to underlying
index observed then, aihrty B(the buyer of the contract) the obligation to payhat
date an amount fixed at date 0 dend¥d,T) and called the forward price for dale
for the asset. Thus, the payoff at dater the buyerParty B) of the real estate indexed

forward is equal to

Payof fr = S — F(0,T), (2.5

where Sr is the real estate index level at dateF(0,T) is not an asset price in the
traditional sense, but rather a reference valubarcontractual transaction. At maturity,
the relation between the index and its forward @ttis necessarily
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St = F(T,T). (2.6)

Indeed, if the value at dafeof the forward contract maturing at that date wifferent
from the spot price, an arbitrage opportunity woenast.

In the case of a real estate forward where the rlyidg is not tradable and is
suffering from numerous market imperfections, Galtand Fisher (2007) indicate that

the equilibrium forward prices are

F(t,T) = E[Sy|F,] x e SMerx(T-1), (2.7

where

F(t,T) = forward price agreed upon at time t to be pdideT.

E[S;|F:] = the expectation, seen from timeof the index price (value) at
time T. F; represents the information available at date tditmmal
on which expectation is made.

S()er = market equilibrium-required ex-ante risk premitoninvesting in
the real estate index.

The information F, covers in the real estate case, all knowledge talmdex
inefficiency and about supply and demand. The t€fs)|F;] allows forward prices
reflecting any predictability or forecast relatite real estate index. At equilibrium,
forward prices should correct the lack of efficigmpresent in these indexes. Moreover,
this formula does not contradict the future-spaitpaheorem. Indeed, if the IPD index
was tradable and efficient, Equation 2.8 would befied and then we should recover

the well-known relation.

E[SrIF¢] = 8, x elrferts@urx@=0, (2.9
3. STRIPPING OF ZCREIS INTO REAL ESTATE FORWARDS

In this section, we start showing how to replicZlEREIS using real estate
forwards. Then, we define the pricing formula of ZEIS as a function of these real
estate forwards. Two methods are introduced (stibse8.2 and 3.3). The second
method is less intuitive but important for the nesiction relative to the YYREIS.
Because it is more complicated for the YYREIS, sghsn 3.3 let us introduce this

method in a simple framework. We call this techhgtage “stripping of ZCREIS into

Thése de doctorat |Page



Chapitre 2: Stripping of real estate-indexed svapsforward term structure

real estate forwards”. In every section, we male ahsumption that both derivatives
have the same underlying.¢, the IPD index).

3.1.Replication of ZCREIS using real estate forwards

The stripping of the ZCREIS into real estate fomvasr straightforward. Indeed,

the ZCREIS of maturityTy at datet can be seen as a real estate forward of the same

maturity in proportionV x Si N is the notional value of the ZCREIS,is the real estate
t

index level at the issuance date of the swap ccinfikax Sit is a constant term).

To prove this assertion, we have to establish imatstors are indifferent at
equilibrium between one portfolio composed of a AR and one composed
exclusively of real estate forwards, in proportidhit is not the case, an arbitrage
opportunity exists. Indeed, both portfolios havecost at issuance and the sale of the
first portfolio and simultaneously the purchasetlud second conduct to a risk free
payoff at maturity. Therefore, the forward pricaldahe fixed-rate have to be defined at
the issuance in order to ensure this payoff todu&kto zero. If it is not the case, it is
possible to earn money with certainty in the futwighout any initial investment. In

that case, arbitrageurs will enter the market uhi#l arbitrage opportunity disappears.

The first portfolio is composed of a ZCREIS witlmational valueN at datet in a
long position. This product quot&sc for the maturityT. Therefore, the portfolio value

at dateT, Vzc, is defined by
Vzc(ry = N[Real estate return] — N[Fixed leg] = N [Z—T - 1] - N[(l + K,)T-0 —
‘ (2.9
1].
The second portfolio comprises at dgt¥ x Si real estate forwards of maturity
t

and strikeF(t,T), in a long position. It is an obligation to by x Si real estate index at
t

dateT for a price ofF(t,T). By definitionF(t,T) is given by
F(t,T) = S; x eXF*(T=9 or in discrete time by F(t, T) = S, x (1 + Kg)T7F, (2.10
whereKy is the implied forward rate. At dafe the valuéVgr)of this portfolio is:
_ 1 _ T _ St 4] _ (T-v) _
Very = N X5 % [Sp = Se(1 + K = N [St 1] N[(1+Kp) 1. 213

Comparing Equation 2.9 and 2.11 , we can see tmatvalues of the two
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portfolios at dateT are the same iKz=Kg. If K>Kg (Kz<Kg), arbitrageurs would
purchase (sell) the portfolio composed of forwamsd sell (purchase) the one
composed of ZCREIS untK; equalsKg. As such strategy ensures a risk free profit

without initial payment: for the arbitrageurs, it produces an equilibriutmeveK,=K ¢

Therefore, as the payoffs at maturity of the twitialy costless portfolios are
exactly the same if there is no trading opportyrtiye ZCREIS is perfectly replicated
using real estate forwards. Consequently, ZCREi&prcan be defined at the issuance
date as a function of the forward prices. We detime relationship in the two following

sub-sections.
3.2. Stripping using a replication portfolio valuation approach

Given that the value of a cash flow is equal tordplication cost, using the
previous result, we can infer the ZCREIS price frima forward price. In our case,
because forwards are costless at the issuance¢adsteof replication is only the
difference between the ZCREIS payoff and the fodyzayoff at the contract maturity.
To calculate this, we have to establish at dafihe maturity) the payoff of the portfolio

composed of,

- a ZCREIS of maturityl in a short position for a notionBl Its fixed-rate is
K,

- NX Siforwards of maturityl in long position. Their price;(t,T) is defined
t

by Equation 2.7.
The payoff, at dat&, Vr, is,

Vr = [P&L forwards] — [P&L ZCREIS] = N(1 + K,))T D = N(1 + K-)TD, (2.12)

whereP&Lforwards and P&LZCREISrefer respectively to the payoff of the forwards
and of the ZCREIS. The fact that the real estagedethe swap can be perfectly
replicated implies that the final payoff does neabrisk and then that its present value
can be computed with the risk free rate. Indééd{; andK, are known at dateand
then the value of the portfolio at dafies equally known at date By the no arbitrage

hypothesis, this present value corresponds to rilce pf the swap at the issuance date.

1 ZCREIS and real estate forward are costless atifiseance date.
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Pzcqm, Is the price at which an arbitrageur will be ffelient to sell a ZCREIS. It
corresponds t¥r discounted at the risk free rate.

1 1
Preery =Vr x ———===N[1+ KT -1+ Kp)T 9| x ————

F(t, T)] y 1

_ T—t
Pzeery =N [(1 +Kz)' 7t - S, (1 N rf)T_t

(2.13

In the case where the swap prices at dateere different fromPyq 1),
arbitrageurs could earn abnormal returns. InddeBzd: ) at datet is higher than its
theoretical value defined by Equation 2.13, argeras will sell the swap (purchase the
forward which is costless) and invest the amourthatrisk free rate. Doing so, they
have with certainty at maturity a cash amount highan V. The terminal portfolio
value is strictly positive without initial investme this is an arbitrage opportunity. The
inverse reasoning can be applied if the swap praes lower than defined by
Equation 2.13.

In order to ease transactions, the fixed-leg isnddf such as the price of the
contract is equal to zero (there is no exchangmash flow at issuance). Thus, it has to
verify Equation 2.14.

F(T)
St

=1 +K)" (2.19

This equation is not based on a specific assumtinrsimply results from the absence
of arbitrage. This result is extremely importanicg it enables us to strip, with no
ambiguity, the swap prices into forward prices. @bsg the quoted price of the

swaps Ky, it is possible to deduct the forward prices aroe wiersa.
3.3. Stripping using a probabilistic approach

When entering in a forward contract, one agreea trure delivery time and the
price to be paid to receive the underlying. Suppbse the delivery time ig; with
0<t<T<+o0, and that the agreed price at date be paid ig=(t,T). At time T, we will

effectively receive a (possibly negative) paymdiis payment is:

Sy —F(t,T) (2.19

The fair price of the derivative at ddtes obtained discounting at the risk free rate
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the expected value of the derivative under risktnaeumeasure. This probability
measure is defined so that the expected returheofs$set equals the risk free rate. The
risk-neutral valuation formula is independent of #iiape of the contract and then, can
be applied to Equation 2.15. Therefore, the pRggrn of the forward of maturityl at
datet is,

Eo.[S7 — F(t, T)|F.] x e TI=0 = Preery-
Because it is costless to enter such contractptisard price should verify,

Eg.[St—F(t,T)|F] xe T =0

EQT[STlg:t] =F(T), (2.19

This defines the fundamental pricing relationshipween the spot and the forward
price under the risk-neutral measure. Since thieestate market and especially the real
estate indexes are suffering from market frictidhs, choice of martingale mease
is open. However, it does not matter here. We cafinel the price at date of the
ZCREIS of maturityT, Pzcqm using Equation 2.16 and the fact that risk néutra

valuation is applicable for all contingent claims.

Pzce,r) = Eqp

S -
N(s—f‘(:KZ)T t)] x e /x(r-0 = [(REZ8 (1 4 k)T

o ~TFX(T—t)

F(t,T —_ - —
Prccery = [ (St ) (1+ KZ)T t] x e~ Tf*(T-t) (2.17)

This relation is identical to Equation 2.13 definedhe previous subsection. It enables
us to define the ZCREIS as a function of the retdte forwards but in a less intuitive
manner. However, this presentation is necessamtitoduce the risk neutral valuation
basic principles which are extended in Section #lative to the stripping of the
YYREIS.

4. PRICING AND STRIPING YYREIS INTO IPD FORWARDS

In this section, we present the recursive method @miment the convexity
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problem related to the stripping of the YYREIS intal estate forwards. Then, we
present a market model to implement the convexdjuysiment and define a pricing
formula of YYREIS as a function of the real estatevards.

4.1. Naive stripping and convexity problem

In this section, we try to replicate the YYREISngsireal estate forwards. Here,
we have to replicate all the cash-flows of the sfvap t to T. Because the first cash-
flow can be considered as a ZCREIS, replicatiomismediate using the results of the
previous part. The difficulty appears with the seteash-flow. But once the solution is
found, it can be used recursively for all the osher

The second cash-flow corresponds to a FRA (Forwaté Rgreement) to receive

the floating year on year real estate return fanesle on year 1 to year 2 and pay the
fixed, Ko(1,2). It is subscripted by 0 because it is known aethr(cf. Figure 2.4).

[INSERT Figure 2.4 HERE]

At time t = 0, a hedgd.€., not a replicatioff) for the cash f|OV\3';3 —1listobuya
1

one year zero coupon real estate swap (receivgearaeal estate return) and sell a two
years zero coupon real estate swap (pay 2y reatieestturn). The payoff obtained on
the one year zero coupon real estate swap is tedi¢a Figure 2.5: receiving the real

estate return in exchange of the fixed-r&tg€0,1).
[INSERT Figure 2.5 HERE]

The cash-flows obtained for a short position onZG&EIS of maturity two years
are presented in Figure 2.6. The seller pays thleestate return on year 0O to year 2 and
receives the fixed-ratd + K,(0,2)]? — 1.

*2|Indeed, we are not able to implement a staticesgsatllowing to replicate the second leg of thewa
i.e., to exactly provide the real estate returnMeen two following dates. However, there is a stati

strategy allowing to cut off/to hedge most of tiek relative to this second real estate leg.
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[INSERT Figure 2.6 HERE]

To hedge the real estate return between t=1 anave=8ell the real estate return
between 0 and 2 and buy the real estate retumebat0 and 1. However, it is not a
perfect hedge. A replication error, that comes ftbmreinvestment of the intermediary
cash flow (at date 1) at an inappropriate rate aies Indeed, the replication would be

1+K(0,2)]?

rate and the
1+Ko (0,1)]

perfect if it was possible to reinvest the fixed-fgaid in 1 at th

variable leg at the real estate rate on year 1 2ndHere, we just assume that
intermediary cash-flows are reinvested at the fisk rate. Therefore, at date 2, the

replication error relative to convexity is equal to

[1+ K,(0,2)]?
[1+ K,(0,1)]

(ﬁ - 1) x (i _1- rf) ~ 1+ Ky (0,1)] % (2.18

_ 1 _
So S r

The error comes from a composition of interestratnappropriate rate. However, the
strategy presented here remains a reliable hedy©ufreal estate return. In Section 5,
we estimate empirically the hedging error that wloulave occurred if it was
implemented between December 2006 and Septembe® 200 it stays quite
reasonable.

The convexity adjustment can also be consideredgusi mathematical relation
wherePrpg AQ,T,T)) is the price of the real estate FRA on yBaandT; with T; < T;. The
other notations have been introduced in the pravaagction relative to the stripping of

the ZCREIS. Risk neutral valuation yieIH;RA(O'TL,,Tj) as

STJ' —rfXT;
Prracorry) = By |5~ 1 K/To] R (2.19)

However because of the covariance betwég}n and Sz, under theQT]. probability

measure we have,
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X e—erT

St.
PFRA(O,TL-,T]-) = EQTj [S_T] —1-K/¥

M —1—-K|x e—rfij (2-20
Eq, [Sti/Fo] '
In addition,
M —1—-K|x e—TfXT — T / —1—-K|x e—TfXT]- (221)
Eop [Sr./Fo] Eqp [F(0,T;)/%]
Eq, [F(0,T))/Fo] F(0,T)
: —1-K|xe T % |22 _1_K|xe /i (2.22
Eqp, [F(0.T)/Fo] F(0,T)

Indeed, the forwardF(0,T;) is a martingale under the forward meangtJe. Similarly,
the forwardF(0,Ti) is a martingale undeg;, but notQr;. Consequently, the expected

value of the ratio of the two forwards has to takB account various convexity
adjustments. In particular, we have to identify toerelation structure and define the

change of measure betwe@ﬂj andQr, in order to get

F(0,T)) o
PrracoryTy) = F(O—,T]L-)‘9 —1=K|xe", (2.23

where 6 is the convexity adjustment. The adjustment is rhddpendent. The naive
stripping method treats futures as if they were BRFhe arbitrage consists of shorting
the future and receiving fixed-rate on the corresipom FRA. If rates rise, then margin
payments on the forward contracts are received uhately, whereas the loss on the
FRA is not realized immediately. The opposite hasp# rates fall. The amount by
which the futures rate needs to be adjusted ieddle convexity adjustment. The
convexity adjustment is determined by the markeXpectations of future changes in
rates. Thus, different rate models will give diffet convexity adjustments. For
example, the Ho and Lee (1986) model assumes #&ibes have a constant volatility
over different maturities whereas the Heath, Jarivd Morton (1992) model offers a

higher flexibility.
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In the next sub-section, we will define the contxddjustment using Belgrade
and Benhamou (2004) relativeYear on Year Indexed Inflation Swapr1IS) and we

will indicate the pricing formula linking YYRES arréal estate forwards.
4.2. A market model approach

Like Belgrade and Benhamou (2004) for the Consumnp®rice Index (CPI)
forward, we assume that the real estate forwardhaturity T, at datet, F(t, T), Is

modeled by a diffusion process given by

dF(t,T;)

e = u(t, T)dt + ogg(t, THIW(L), (2.24

where the volatility structuresgz(t,T;) and the driftu(t,T;) are deterministic
functions, and wheréd/(t) denotes a standard Brownian motion. The volatility
ore(t,T;) and the drift u(t,T;) cannot be expressed independently of the maturity.
Indeed, all the forward prices do not have the sHnotuation. Many empirical studies
have established that volatility changes with theumty of the contracts. The fact that
prices do not vary homothetically raises the goestif a possible segmentation of the

term structure.

By definition, F (¢, T;) is aQr, martingale that can be locked in by a zero coupon
swap with maturityf;. To complete our modeling description, we will @se that
interest rate is modeled by a standard Heath, Waeod Morton (1992) model given on
the zero coupon bona@ (¢, T;)) diffusion by

dB(t,T;)

BT r(t)dt + og(t, T)WE(t), (2.29

where WE(t) is a standard Brownian motion. We will assume ttie various

Brownian motions are correlated. Because of thensegation of the term structure,
which could imply a certain disconnection betwelka tifferent parts of the forward
curve, we also consider the correlation structlifes correlation is a function of the

different maturities considered for the forwardshwhemselves and with the bonds.

{ d(WELWI)(t) = p; ;REdt (2.26

d(Wi,WB)(t) — piBond,REdt'

As in standard option pricing, we assume that #agous Brownian motions are
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the ones associated with our filtered probabilifyace (Q, A4, (Fi)i=0Q). Using
arguments similar to the interest rate market rfspdteis possible to show that the drift

adjustment for the forwars(t, Ti) between the forward measwie, andQTj is given by

piPomRE (558, Ty) = 05(Ty) ) ors (&, Ty). (2.2

The forwardF(t,Ti) is a martingale under the forward meas@ye Similarly, the
forward F(t,T;) is a martingale unde?Tj but notQr,.Consequently, the expected value
of the ratio of the two forwards (withij < T;) has to take into account various
convexity adjustments. This gathers Equation 212 222 presented previously. The

change of measure betwe@ﬂj andQr, is given by

AWi(t) = dWI — p,BOnd.RE (JB(t, T,) — aB(T,.)) dt, (2.28

where W/ is a Qr, Brownian motion. This implies that the ratio ofetheal estate

forward under the forward measu@g, is given by

F(&T) _
F(tT)

( foTi are (s, AW (s) _%foTi ore”(s,T;) ds |
‘ ' . e | (2.29
iggzi exp { ) (foTJ ore(s,Tj) [pi,jREdWl(S) + mdwl(s)] 3k 0w (s Tj)ds) }

| + foTj pBomRE 6o (s,T)) (aB (s, T)) — ag(s, T])) ds )

whereWi(t) andW(s) are two orthogonal Brownian motions. Taking thg@ewnted

value leads to

A
o

N\

EQTL- (F t,T;)
0 = exp{D;(0)}, (2.30

F(t,T))
F(0,T)
F(0,T)

Where

T

J
Di(0) = | " ona(5, 7)) [oe(s 1) = i one (5,7 )]s

0

T.
+ f o BOMRE G (5,T7) (05(s,Ty) — 05(5,T}) ) s
0

At this step, Equation 2.19 boils down to Equat®k3 using the Equation 2.30.
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Therefore, it is now possible to define the YYREISime 0 as an expression of the real
estate indexed forward prices. Indeed, the valub®feal estate indexed-leg at date O

for the maturityTw, Vi o,r,,). IS defined by,

-1

M
+ NZ B(0,T)) l—) xp{D;(0)} — 1], (2.31)
i=2

V = NB(0,1
ILOTy) = ( )[ FO, T, )

F(0,0)

where exp{D;(0)} is the convexity adjustment. Regarding the valti¢he fixed-leg,

VeLcor,y) itis equal to

M

VFL(O,TM) = Z K X B(O, Tl) (232

i=1
We can define the price of the swap at date ®Qr,,), as the difference

between the discounted value of the indexed-legodtioe fixed-leg. Because this value

is defined at the issuance to be costless, wehgdbtlowing relation:

Pyyor,) = NB(0,1) lF O Kl
N T, (2.33
+NZB(O T)lF(O = z) D, (0} —1—K| =0

i=2

We showed in this part how to adjust for convexigyng lognormal dynamics and
complex correlation structures. Hedging real esliarévatives that pays real estate rate
can be counter intuitive and unstable; the gaisumh adjustment is not obvious. The
estimate of the various parameters including theetation structure is necessarily
approximative and leads to a valuation bias whike ¢onvexity adjustment has been
estimated at few basis points on other markéthe longer the maturity is and the

higher the convexity adjustment should be.

%3 See Peng (2006) for the CPI-Inflation-Indexed swap.
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5. REAL ESTATE FORWARD TERM STRUCTURE, PRESENTATION AN D
COMPUTATIONAL METHOD

In this section, we finally present the real estlevard term structure and
discuss its use. Then, we present a computatiorttiad for its calculation where we
do not use convexity adjustment. However, the ogumsece of this approximation is
assessed.

5.1.Real estate forward term structure

One of the key benefits of forward markets is tovte price discovery. Whether
one looks at the oil market, which has been a diquorld market for more than a
decade, or at newly deregulated energy markets ascklectricity, in both cases
forward prices provide an indication of where theg of a barrel of oil or a megawatt-
hour of power is heading. This explains why thevand term structurd,e., the set of
available forward prices as a function of their umiy, is the subject of intense scrutiny
on the part of participants. The forecasting poweiforward and futures prices to
predict future spot prices is part of the sociditytthat may be attached to them. As for
other markets, it is potentially relevant to analyarward term structure and its time

fluctuations in order to forecast the real estadeket.

Due to the great lack of price information and @ffincy on the real estate spot
market, a forward price could be a highly usefudigator in investment decision and
risk management. In a market suffering from a haglgree of friction, the use of
derivatives could be particularly informative andntribute to increase the market
efficiency. The fact that forward prices are trariga-based whereas their underlying is
generally appraisal-based indices involves a ptidoiver efficiency for the index. For
instance, this would be characterized by a higimee to reaction at any change in the
information set. On the contrary, information sliblé instantaneously integrated in the
derivative prices if the liquidity in this marke$ sufficient. In that case, real estate
buyers and sellers should collect information oa derivative market rather than the
spot one. There is potentially a lead-lag relatigm¥etween the forward price and the
spot price; the future spot prices could be expthing the current forward prices. By
integrating a broader information set, forward @sicould be a more accurate estimator

of real estate prices than their own underlyingeind
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The strong potential interest for the real estatevérd term structure faces the
lack of data in the real estate spot market. Udliegreal estate swap market, which is
the most mature market, though recent, we are tabkstimate this curve using the
results introduced in the previous sections. Infti®wing sub-section, we present a

computational method to determine the real estateard term structure.
5.2. Computational method

The procedure to derive the implied forward pricebased on direct application
of the net present value rule to equalize the valube fixed-leg of the swap with the
value of the indexed-leg. We assume that par swapedor maturitie§;=1,2..,Myears
are observed on the market. In addition, the spaillof the index at dateS (=F(t,t)),

is observed.

Having the first settlement date and Equation 2@3can establish the following

relation

N IF(O, T,)

F(0.0) 1] —NXxK, =0, (2.39

whereK; is the quotation price of the swap of matuiity We can solve this equation
and obtain the forward pric€(0, T;), defined by

F(0,T)) = (1 + K,) X F(0,0). (2.39

Using Equation 2.33 and making the assumption otaovexity adjustment, we can
express the swap price of maturfeyas

F(0,Ty)
NB(0,T,) [F(O‘O) — 1|+ NB(O,T) |
B(0,T,) x K, x N = 0,

F(0,T3)
F(0,0)

_ 1] —B(0,T;) X K; X N — (2.36

whereK; is the quotation price of the swap of matufity Replacing F(0;T;) by its
value defined in Equation 2.35 we get in Equatid¥2he value of the forward price of

maturity T.

K ((B(0,T1)+B(0,T2))—B(0,T1)K1
B(0,T3)

F(0,T,) = [ + 1] x F(0,0). (2.37)

Using the quote of th&YREISof maturity T, the implied real estate forward of
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maturity T; (F(0,T;)) and of maturityT, (F(0,Ty)) it is possible to compute the implied
real estate forward of maturitys T F(0,T3)). The methodology can be iterated again to
compute the real estate forward of matufif\and so on untilfy. Then, the whole term

structure of the implied forward prices can be ov&red.

The methodology defined here assumes no convedjtisnent. Indeed, to take
into account the convexity, we should assess teptax correlation structure of the
forward prices which is unknown. Moreover, the atipent would lead to counter-
intuitive hedging and unstable prices. However,f#te remains that our assumption of

non convexity is questionable.

We attempt to assess the consequences of the nexitynassumption. The data
used are relative to the government bonds yields @®xy for the risk free rate and to
the quote of the UK IPD all property total retuwaps from December 2006 until
September 2011. We compute the forward prices usi@gnethodology introduced in
this sub-section and use them to assess the rgmhicarror for a simple swap of
maturity 2 years. The figure below exhibits theadbte value of the real estate indexed
cash flow paid on the swap and the error of repboaof these cash-flows using the
real estate forward. As one can see the absollites/af the cash flow during the crisis
for the maturity two year were quite impressive, top50% of the notional value.

However, the errors of replication never excee@#@r an average of 0.4%.

[INSERT Figure 2.7 HERE]

Therefore, we can wonder what the value of theecbion of convexity is.
Correcting the convexity could potentially causegéa errors than those without
correction. On the other hand, if the main conggro obtain information about market
price the no convexity approximation could be cdesed as acceptable, especially, if
we focus on returns. Indeed, we could hypothesiaethe convexity adjustment based
on the correlation structure would be relativelgbde across time. For this reason, the
methodology used in this section could be a goaigin way for market practitioners

to obtain real estate information from derivativegs
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6. CONCLUSION

In this paper we introduced the characteristicthefmost commonly traded real
estate derivatives: the year on year real estdixed swap, the zero-coupon real estate
indexed swap and the real estate forward. We imatst on their pricing formula and
on the link connecting them to each other. This pabpews how to strip real estate
swaps into their building blocks, the real estatevards.

It becomes possible with the presented framewordotopute real estate forward
term structures from the real estate swaps. Théutition of the term structure could be
particularly informative in terms of change in tteal estate market consensus. Indeed,
these prices are transaction-based and shouldtredlethe information relative to the
index. The smoothing effect for example should begrated into price. Forward
curves fluctuations could be a useful indicatorrfarket practitioners looking for more
efficient real estate data than the real estatexintself. Thereby, buyers and sellers
would collect information not only from the spot rket but also from the derivative

market.

This paper, opening the door to an analysis ofti@ps prices, should conduct to

different econometric analysis. Many issues ralsm@ must be addressed empirically.
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Figure 2.1YYREIS contract characteristics

This figure describes the flows between the buy¢h® Year on Year Real Estate Indexed Swap

(YYREIS), i.e., the receiver of the index and tledles of the contract, i.e., the payer of the

index. Each contract is defined on a certain nali@mount and the total return makes reference

to the return of the index which is generally reygrgtative of the capital and income return. The

fixed rate corresponds to the rate defined atgheance of the contract and paid by the buyer of

the contract in exchange of the real estate retuonuld also be a floating rate but the standard

is a fixed rate.

This contract is a zero sum game, one participayaias results from an equivalent losses of its

counterpart.

Payer of Index
(Short)

Total return* Notional Amount (if positive)

Total return * Notional Amount (if negative)

&

<«

Fixed rate * Notional Amoui

A

Receiver of Index
(Long)

Thése de doctorat

108 |Page



Chapitre 2: Stripping of real estate-indexed svapsforward term structure

Figure 2.2YYREIS cash-flows

This figure describes the cash-flows received aid py the buyer of the Year

on Year Real Estate Indexed Swap over time.

N refers to the notional of the contract, K to tlreed-rate defined at the

issuance of the contract and paid by the buyerxoh@&nge of the real estate

return,si — 1. S; is the level of the underlying index at date t.

t—1

N (Si - 1) corresponds to the payment of the seller of thraot in favor of
t—-1

the buyer. Inversely, NK refers to the paymentha buyer of the contract in

favor of the seller.

NK NK NK N(53 )KN
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Figure 2.3ZCREIS cash-flows

This figure describes the cash-flows received aamd py the buyer of the Zero Coupon
Real Estate Indexed Swap. There is no intermedeé flow between the issuance and

the maturity of the contract. At maturity, thereais exchange of a fixed amoum(1 +

K)M, against a floating amourN,(SS—M - 1).
0

N refers to the notional of the contract, K to #mual fixed-rate defined at the issuance

of the contract and paid by the buyer in excharfghe real estate retur%ﬁi— 1.Sy is
0

the level of the underlying index at maturity &dthe level of the index at issuance. M

make reference to the maturity in number of yeahefcontract issued at date O.

N(1+K)M
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Figure 2.4Fixed and floating-leg on YYREIS on year 1 to year 2

This figure describes the cash-flows received aaid py the buyer of a Year on

Year Real Estate Indexed Swap of maturity 2 yegits axpiration date.

N refers to the notional of the contraéf;(1,2) to the fixed-rate defined at the

issuance of the contract (t=0) and paid by the boyé¢he contract in exchange of

the real estate return of the second yé;%lﬁ 1. S, is the level of the underlying
1

index at date 2 ang} the level of the underlying index at date 1.

N (i—z - ) corresponds to the payment of the seller of theraot to the buyer at
1

the end of the second ye#.x K,(1,2) refers to the payment of the buyer of the
contract in favor of the seller.

S
N(—Z— 1)
S1
+
_______________________ S
. Oy ly 2y
N X Ky(1,2)
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Figure 2.5 Payoff of a one year maturity zero coupon realtes@ap

This figure describes the cash-flows received aid py the buyer of a Zero Coupon Real

Estate Indexed of maturity 1 year at its expiratiate.

N refers to the notional of the contrak},(0,1) to the fixed-rate defined at the issuance of

the contract (t=0) and paid by the buyer of thetiaa in exchange of the real estate return

of year 1, i.e%— 1. S; is the level of the underlying index at date 1 §pdhe level of
0

the underlying index at date 0.

N (i—l - 1) corresponds to the payment of the seller of theraot in favor of the buyer at
0

expiration.N x K,(0,1) refers to the payment of the buyer of the contmadavor of the

seller.

N X K,(0,1)
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Figure 2.6 Payoff of a two year maturity zero coupon real tessavap

This figure describes the cash-flows received aid py the seller of a Zero Coupon
Real Estate Indexed Swap of maturity 2 years. Themo intermediate cash flow
between the issuance and the maturity of the ccmntra maturity, there is an

exchange of a fixed amount against a floating one.

The fixed amount corresponds hereNt@l + K, (0,2))? and the floating amount to,
S2
N (g - 1).

N refers to the notional of the contrakt,(0,2) to the annual fixed-rate defined at the

issuance (t=0) and paid by the buyer in exchangthefreal estate return between
year 0 and year 2,i.eN, (:—2 - 1). S, is the level of the underlying index at date 2 and
0

S, the level of the underlying index at date 0.

N[1 + K,(0,2)]?
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Figure 2.7:Empirical hedging error using naive stripping

The UK Government Bond 1 Year Note Generic Bid &i¢GUKG1) used
as proxy for the risk free rate comes from DatasireThe monthly UK IPD
All Property index has been provided by the InvesttrProperty Databank.
The quotes of the UK IPD All Property Total Reti8waps stripped into IPD

Forwards have been provided by Iceberg Alterndtivestment.
The sample used in this figure runs from DecemB@62o December 2010.

The blue curve shows the absolute value of theasalte indexed cash flow
paid on the swaps of maturity 2 years. The redewskiows the error relative

to the replication of the blue curve using reaatesforwards.
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CHAPITRE 3:Are property derivatives a leading
indicator of the real estate market?

ABSTRACT

This paper is the first attempt to analyze theistiaal characteristics of
changes in property forward prices. Four yearsrdnd months of data on
the UK Investment Property Databank (IPD) all prbypeéotal return swaps
during the period 2006 to 2011 are examined. Wieveld¢he forward curves
using a bootstrap method and study their statistbaracteristics. If real
estate forward contracts share similarities witheotderivatives, they also
exhibit substantial differences. In particular, timk between maturities and
volatility explored by Samuelson (1965) does noldhand segmentation
seems to exist relative to the maturity of two gedihe relationship between
forward contracts, the underlying asset, and cdlssets (risk-free rate, listed
real estate) is also explored. The UK IPD All Pmbies Total Returns index
appears significantly less volatile and less edfitiin term of correlation
than its own derivative contracts. Moreover, changeforward prices are
leading indicators of the IPD index. Regarding fihvevard price discovery
function, investors should collect information wtly from the spot market
but also—and maybe primarily—from the derivativerked Doing so could
well be the better compromise among the varioussvediyinderstanding real

estate market prices and dynamics.

Keywords: appraisal based index, forward curve, Grangerat#ysreal
estate swap.
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1. INTRODUCTION

Theoretical and practical reasons for the existarfcesal estate derivatives are
numerous. Indeed, the availability of property datives makes it possible for
developers, property owners, and investors to hdgtlgamically against property value
risk. These contracts offer exposure to real estalees without direct ownership of
properties and with much lower transaction coséntthe ones incurred in buying or
selling individual estates. Property derivative®qdle access to a unique class of
asset¥' and allow for real estate trading in a liquid @tfor short-term horizons.
They offer portfolio diversification at a low coby taking a position on the overall
market and not only on some properties. Specificgliroperty derivatives could
improve diversification both domestically and im&tionally and facilitate arbitrage
strategies across various markets. This is helfgiuinvestors like medium portfolio
manager for whom diversification is otherwise hwrdlithin their reach. Tactically,
they offer the opportunity to hedge and profit frandownturn in the property market.
Furthermore, property derivatives may contributedee fluctuations in property prices
since they convey information about the fundamengdlie of the underlying assets.
This mechanism is more generally referred to asptiee discovery function of the

derivative market.

Despite the current interest of authors such astuBerHollans, and
Swidler (2008), Bjork and Clapham (2002), Geltned &isher (2007), Lizieri, Marcato,
Ogden, and Baum (2010), and Syz and Vanini (20pigperty derivatives have
received little attention in the literature to daléis situation is probably a consequence
of the youth of this market. Indeed, in the UK nedrkransactions have been seriously
increasing since 2004. Although this market is yottee most mature market, it remains
an over-the-counter(OTC) market. Thetotal return swagTRS) on the IPD-all-
properties index is the most liquid contract. In thé&., a property derivatives market
has been continuously developing since 2006, nptaibh the Case-Shiller Home Price
Index futures. Other property derivatives have b&awded in others countries but
volumes remain low. That said, the amount of dataow sufficient to investigate with

IPD derivatives.

This paper is the first attempt to analyze theigteal characteristics of property

* See Clayton, Giliberto, Gordon, Wilson, Fabozrij &iang (2009) and Ibbotson and Siegel (1984)
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forward prices. As highlighted in a survey conddci the MIT Center for Real Estate
in 2006, the lack of confidence in how derivatig®uld be priced is one of the most
important barriers to their use. In this contextderstanding the forward price term
structure becomes essential. Are Gaussian assumapsioited for pricing models,
especially with respect to long-term delivery datd3o the short- and long-term
forward prices behave similarly? Do property derwes behave like other derivative
assets or other related assets? This study alsstigates the lead-lag relationship
between spot and forward returns for different ma&s. The identification of any lead-
lag relationship between real estate forwards gmut prices is of great interest for
several reasons. Practitioners or investors nea@ mecent information to make their
arbitrage decisions. Regulators also need to krimncbnsequences of the real estate
forward market on the spot market (under the astomphat the spot market can be
predicted using the forward market) to manage thgination of more informed
housing, land, or economic policies. Thus, forwanges could be more efficient than
appraisal-based indices and even transaction-badiegs. Indeed, we could reasonably
hypothesize that the smoothing effect observechéappraisal-based index could be
taken into account in forward prices. Moreover,duse these products avoid real estate
frictions such as transaction costs or time-onfttagket periods, forwards could well be
a prime channel for revealing market informatioron€equently, investors should

collect information not only from the spot market hiso from the derivatives market.

To document these questions, we use a four-yeaniaeemonth database relative
to the quotes of theK IPD Total Return All Property swap$his paper is organized as
follows. The next section describes the underly@ng the contract characteristics of the
property derivative. We provide a description of dataset in Section 3 and a statistical
comparison with other forward markets in SectioHen, we establish a parallel with
related assets and study the lead-lag relatiorisiyween real estate spot and forward

contract markets. The final section concludes.

2. PROPERTY DERIVATIVES: THE CASE OF IPD ALL PROPERTY TOTAL
RETURN SWAPS

We focus on the UK market and solely consider B2 &nnual all property total
return swaps. This choice is supported by the tfzat the swaps on the IPD annual all

properties index are the most actively traded esthte derivative contracts. We
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introduce the underlying asset and then the IPD G&tfiract.
2.1.The underlying asset

Unlike the stock market, using a single physicadedsas underlying is not
possible. We use a real estate index as the priasmst to track the percentage change
in property market prices in each consecutive jgerithe time interval is chosen as
short as possible and typically ranges from onetmém a year. Two major types of
property price indices are available: appraisakbdamdices and transaction-based
indices. Although transaction-based indices betegresent the market price than
appraisal-based indices, their construction ofteffess from too few observed
transactions. This point is particularly acute wiispect to writing a derivative on this
underlying index. Indeed, the index’s nominal leaeleach settlement date is needed
even if market volume collapses. Otherwise, theoffagf the derivative cannot be

computed.

A variety of appraisal-based indices from variougvjders exists. However, the
IPD indices are well recognized among market piiaoers and are widely used for
derivatives in Europe. Its equivalent on the U.&rkmat is theNational Council of Real
Estate Investment Fiduciari¢BlCREIF). They provide three standardized measofes
performance for each sector under consideratiadat teturn, income return, and capital
return. All growth and index calculations are valeighted, meaning that “each
property contributes to the result in proportiontsocapital value and are compounded
monthly to report industry standard time weightegbsures for quarterly, biannual and
longer periods,” as defined by the IPD. Considethiy UK market, the IPD developed
a monthly all property total return indewith coverage of 15% of the total
professionally managed UK property investment markbis index is considered the

monthly proxy of the annual IPD index.

The use of appraisal-based indices for propertyivaéves is not without
consequence. These indices suffer from two majpoedyof problems: noise and lag.
Noise refers to random deviations between the inddxe and the actual market price.

However, this problem should not be a real condernan index with large market

> Only a few institutional investors such as propemjt trusts (PUTs) face a legal obligation of nioyt

appraisals.
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coverage. Lag gives an index inertia and predititgband causes its expected future
returns to differ from the equilibrium property rkat return expectations. The temporal
lag in appraisal behavior is explained by the thett appraisers use past transaction
prices to estimate current property valuations. sThHiyranny of past values”
phenomenon also enables the index to be a smoatikdezhtor, in the sense that it
underestimates the true level of volatility. No&®&d lag reduce the value of appraisal-
based indices for targeted investment purposesbamthmarking; they could also

constitute an obstacle to the growth of real estatevative markets.

Various studies explore the mismatch of real estadeces, including, amongst
others Firstenberg, Ross, and Zisler (1988), Quath Quigley (1989,1991), and
Geltner (1991,1993). Lags cause indices to haverdiit risk characteristics than the
average property tracked by indices; as indicategs imply a smoothing of the true
market volatility and a dampening of an apparemtetation with other financial assets.
Usually, a first-order autoregressive model is asomable model for evaluating
appraisers’ behavior and capturing smoothing phemam. To partially correct
appraisal-based index, we compute what is calledutisgnoothed IPD index using a

typical representation of this model:

IPD; = aP; + (1 — a)IPD;_;4, (3.1

where IPD, is the value of the appraisal index at tine P, is the purely
contemporaneous transaction-based indication okehamalue at timd, and a is the
smoothing parameter. The greater the confidendeafiraisers have in the new market
information, the greater the value @fis (Geltner (1989)). Brown and Matysiak (1998)
find an a for the UK IPD monthly index that ranges betweds00and 0.62, with an
overall mean of 0.56. Using 0.56 as the valueofon Equation 3.1, we compute the
unsmoothed monthly IPD UK capital growth all profyendex using thenonthly IPD
UK capital growth all propertyndex. This new index defines the current marketep
at which we add thenonthly IPD UK all property income returimdex to obtain the

unsmoothed monthly IPD UK all property total retunaex.

Essentially, the following sections use teem unsmoothed IPD inde refer to
theunsmoothed IPD UK all property total return indard the termiPD indexto refer
to thelPD UK all property total return index\We always consider all property indices

in total return, which is motivated by our data cetstituted of all property total return

Thése de doctorat 119|Page



Chapitre 3 : Are property derivatives a leadingcatbr of the real estate market?

contracts.
2.2.Presentation of the contract

The basic structure of tHéK property return swajs a contract for difference in
which parties swap an annual IPD real estate tetatn index for an interest rate. Since
2006, a shift toward a simplified annual contradhva fixed interest rate occurred. At
the beginning of the contract, the purchaser dfestate risk agrees to pay a fixed-rate
each year for the duration of the contract, usuadliyveen one and five years, based on
a notional contract sizes.g, £10million. In exchange, the buyer receives theual

total return of the relevant real estate index.

For the UK all property trades, the index of chagée IPD Annual All Property
Index. Because this index is published at the enBebruary of the following year,
annual cash flow payments for swap trades areededtl the beginning of March. As an
OTC instrument, swaps can be structured and tailtwresuit the needs of an individual
investor. However, we are only focused on the cotiweal form: the Annual IPD UK

All Property swap with a fixed-rate.

Their prices quote the fixed-rate leg over calengzars, regardless of when the
trade was actually executed. The quotes changetbgeyear, taking into account the
performance of the IPD monthly which is consideasda reliable estimator of the IPD

annual.

3. DATA

This section presents our primary data set constithy the quotes of the UK IPD
annual all property total return swaps from whibk tPD forward curves are derived.
Because swaps are essentially a series of forwarttacts sewn together and agreed
upon at once upfront, we decided to analyze theseafds rather than swaps directly.
Deriving these forward prices allows for an equivdilanalysis of the building blocks of
the swap contract, rather than the swap contraetf.itForward price variations are
easier to interpret because only one cash flontexis

3.1.1PD swaps

The key dataset for this paper is comprised of epiof theUK IPD annual all
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property total return swap8 from December 2006 to September 2011. Although a
daily database, part of the daily data is missBgaps in this database have a fixed
interest rate and the available maturities go fidetember 2007 to December 2016.
The quotes attributed to the beginning of each mame relative to the foworking
day, which corresponds to the publication datehef YK IPD monthly all property
index. If the IPD swap quotes are not availablettun 18" working day, we use the
quotes from the day immediately preceding that &¢g.do not use linear interpolation
because this kind of approximation conducts togirstee some information not available

on the required day. We use the IPD swap quotekeodady the index is published.
3.2.Implied IPD forward curves

In this subsection, we use the fact that swapguatea combination of forwards to
compute these forwards from the swap quotes. Rsrcttmputation, we need (1) the
swap quotes on the index publication day (or the loiefore), (2) the treasury yield
curve as a proxy for the risk-free rate, and (8)lével of IPD All property Total Return
index. Using the methodology defined in Drouhin &mehon (2011a),we obtain the IPD
forward prices (the strike) for each month. Thisadalow the IPD forward curve to be
drawn for each month in the study period up tofthe-year maturity or more, from
December 31, 2006 to 2011. For example, on DeceBhet007, we have the forwards
of maturity one, two, three, four, and five yedrse IPD forward curve is comprised of
six points, the five forwards plus the IPD spotdiegymaturity equal to zero),e., the
IPD index.

Figure 3.1 shows the forward curves obtained fahdzeginning of year during
the period December 2006 to December 2010. In 200re the subprime crisis, the
IPD forward curve is strictly increasing at an afinfixed rate of 6.3%. At the end
of 2007, during the subprime crisis, the slope g 1PD forward curve becomes
negative for maturities from one to two years. 1020 we observe a strong
backwardatiorf of 8.4% for the 12-month maturity: the IPD forwaed 12-month

* This dataset has been provided by the hedge figizbtg Alternative Investment

" Backwardation refers to the market condition whetke price of a forward or futures contract tde
below the present spot price. The resulting futareorward curve is typically downward slopinge(i.

“inverted”) because contracts for further datestgpécally traded at even lower prices.
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maturity is lower than the IPD spot of 8.4%. In 80the harder the crisis and the higher
the backwardation becomes. The 12-month IPD foriad®% below the IPD spot; at
this date, the IPD forward becomes superior tolfi2 spot only for maturities longer
than 48 months. The strongest backwardation apa¢dhe end of February 2009: the
fixed-quote of the IPD swap of maturity eight mante equal to —20.9%. The forward

rates strongly reflect the economical context (angt® or backward situation).

[INSERT Figure 3.1 HERE]

To analyze the forward fluctuations over time, veenpute price returnsy, by

taking the logarithm difference between two congeeutrices:

In(IPD(t,T))-In(IPD(t—At,T
r, = PPN n(PDE-ALD) (3.2

where At is equal to one month anéD(t,T) corresponds to the IPD forward of
maturity T at datet. Figure 3.2 presents the returns observed fofdiveard prices for
the different maturities available. We observe dipalar pattern for the forward return
of maturity DEC2016and a much lower liquidity. For this reason, wernid include
this contract maturity in our analysis (we checkeat such exclusion does not change
significantly our results). For the analysis, wéane the forward curves from zero to

four years.

[INSERT Figure 3.2 HERE]

The delivery dates in the property derivative magee always based on the IPD
level on December 31. Consequently, using raw tatdirectly conduct an analysis
with constant maturities is impossible. Therefooestudy the variations of the forwards
prices at constant maturities, we rearrange the tabbtain a time series with constant
maturities. Indeed, computing the IPD forward-afionth maturity for each month with

%8 Contango refers to the market condition whereinphice of a forward or futures contract is trading
above the present spot price. The resulting futaereforward curve is typically upward sloping (j.e.

“normal”) because contracts for further dates tgfhjctrade at even higher prices.
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a linear approximation between two available m&gasgi is possible. These
approximations are valuable to graphically obsenthrgy potential predictability of the
IPD index using forward prices. We compute the BBvard curve of maturity one to
48 months for each month from December 2006 toebeiper 2011.

4. COMPARISON WITH OTHER DERIVATIVES

4.1.Context and Samuelson effect

This section analyzes and compares the statistltatacteristics of real estate
forward log returns with other forward log returmis different markets. Because many
contract maturities are available for other marketsh as petroleum, working at
constant maturity is possible. Lautier and Rayn#&R@l1l) analyze the statistical
characteristics of severalderivative contracts at constant maturity. Theydgtthe
returns defined by Equation 3.2 over time. Themfto compare with their results, we
also use the forward prices at constant maturdies compute the returns,; (the

return at daté for the maturityi).

We calculate the first fourth momentse., the absolute mean returns, the
variance, the skewness, and the kurtosis of theftPward returns for each constant
maturity available. These statistics are represemte Figure 3.3 for all constant
maturities from zero (the spot) to 48 months.

[INSERT Figure 3.3 HERE]

Samuelson (1965) argues that, as the expiratioe déta future contract
approaches, the volatility of its price increades, volatility is a negative function of
the time to expiration. The intuition behind thésult is that, when there is a long time
to the expiration date, much time exists for neveiinfation to affect the final delivery
price; therefore, any single piece of informatienrelatively unimportant. However,

when expiration arrives, little time exists forthur information to appear, meaning that

% The data analyzed in Lautier and Raynaud (2014 yelative to the following underlying assets: tigh
crude oil, brent crude, heating oil, gasoil, natgas (U.S.), natural gas (Eu), wheat, soybean,oloy

Eurodollar, Euribor, Sterling futures, gold.
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information that does appear is relatively importarterefore, if the Samuelson effect
is verified, we should observe the same generstqator the absolute mean return and
for the variance; both should be a decreasing fmcbf maturity. In Lautier and
Raynaud (2011), all products except for interestséEurodollar, Euribor, and Sterling)
are characterized by the presence of a bell cugeréasing pattern after 12 months),
verifying the Samuelson effect. Among financialeassGold exhibits the flattest curve.
Regarding stocks futures, Park and Sears (198%)rigk et al. (1992),and Han and
Misra (1990) find evidences that contradict the 8alson hypothesis. Kawaller et al.
(2001) also find no support. Only Chamberlain (988 some limited support for the

Samuelson Hypothesis.
4.2.First- and second-order moment

Figure 3.3 shows an identical evolution of the mednsolute return and the
variance. First, the two curves increase regularig for maturities longer than 24
hours, they become more or less flat. These reatdtglearly in contradiction with the
Samuelson effect, possibly indicating that the \ddives market is segmented in two
parts corresponding to different uses. For a horgworter than two years, commercial
real estate markets present lower risk becauskeaf predictability: ability to forecast
the delivery of developers, ability to forecast #ral of leases, relative anticipations of
the time-on-the-market... Moreover, the underlyindex is also partially anticipated
because it is appraisal-based. In a sense, duruegyashort period, the market is close
to a deterministic situation that corresponds tgnaall degree of variance for the
forwards. The risk premium appears gradually, waeneredictability decreases up to
the two-year horizon. Thereafter, market participaare content with making a general

forecast of the market’s risk and return betweem awd five years.
4.3.Third-order moment

This section analyzes the third moment of the IBEvard return distribution,e.,
the skewness. Lautier and Raynaud (2011) show ftimaerest rates exhibit a quite
homogeneous behavior, with a negative skewnesshforshortest maturities, which
turns into a positive one for maturities around gear, and then a tendency toward
zero. [...] As far as the other assets are concethedbehavior of the skewness with
the maturity is generally more regular: it is povgitand decreases with the maturity for
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soy oil, soy bean, the two natural gases and @adyversely it is negative and increases
with the delivery dates for the group of petroleygroduct.” They explain that,
“products characterized by a very frequent contasegm to exhibit positive skewness,
whereas backwardated markets appear to be assbudte negative skewness. Such
result is consistent with the fact that price’s fuations are not the same in contango
and backwardation.” Our sample study also verifies statement for real estate. We
observe simultaneously a backwardated period andegative skewness for all
maturities. However, this relationship has to balgred relative to prices’ history
during that period. Indeed, 2007-2011 was charnzettby extreme negative variations
as exhibits the IPD spot, which has the most negatkewness. Nevertheless, we can
hypothesis that IPD forwards display a negativensiass stronger than the skewness
for the IPD spot in the long run. Because arbitragechanisms are difficult to
implement for backwardated prices, forward prieetiliations relative to the IPD spot
should be stronger than in contango. In a backweddaarket, forward prices depend
more on the balance between supply and demandhamdcdan incur more extreme
negative variations. In contrast, if property datives are easier to trade in contango,
the future-spot relationship is more likely to cgger In this case, extreme positive
variations of forwards relatively to real estatetgmices are avoided.

Similar to most of the derivative markets (except hatural gas), real estate
forward prices are characterized by a negative skeg/that converges to zero when the
maturity increases. We can also observe a semiaarphenomenon. For six and 18
months, the skewness is close to zero, whereadZoand 24 months, it reaches a

minimum.
4.4.Fourth-order moment

For the fourth moment of the distributione., the kurtosis (a measure of the
peakedness and the fat tails), Lautier and Rayri2Ql) observe a relatively high level
in comparison with property derivatives. Here alse, find evidence that the behavior
is different before and after two years. The ex&ramlues appear as being less frequent
for a short time horizon, confirming our hypothesi a deterministic situation.

However, after 24 months, we observe a jump ingkiellof kurtosis.
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4.5.Implied forward rates: backwardation or contango?

Finally, we study the implied forward rates. If tifigture-spot relationship is
verified as on the stock market, we should obsarf@ward rate equal to the risk-free
rate. This amounts to analyze the log differengeeircentage between the forward price
and the spot price on an annual basis. A positiyaied forward rate corresponds to a
contango, whereas a negative rate correspondsbeclavardation. The forward rate
magnitude analysis inquires us about the powehefarbitrage mechanisms operating
on the market. The implied forward rate at dafer maturity T, K, r, is computed
simply using the following equation:

IPD(t,T)

_ " Cep, ) (3.3

Ker (T-t)

wherelPDy is the IPD index observed at dat¢éPD(t,T) is the IPD forward of maturity
T at datet, and (T-t) is the time to delivery expressed in number ofrgedélsing
Equation 3.3 on the same period as in Figure 88ylts in Figure 3.4, which exhibits
strong backwardations in December 2007 and in Dbeer2008. Indeed, the 12-month
maturity forward is lower than 16.5% in annual fmtin 2008 and 9% in 2007 of the
IPD spot. In contrast, in 2009, the forward rate noéiturity 12 months is higher
than 10% (contango). These levels of forward ratesnot appear explainable by
traditional arbitrage theory based on the abilaycteate a self-financing replicating
portfolio.

[INSERT Figure 3.4 HERE]

However, Figure 3.4 shows a convergence of the daitwates when maturity
increases, which could be an argument in favor led existence of arbitrage
mechanisms operating on the market. Indeed, LjzieMarcato, Ogden,
and Baum (2010) and Syz and Vanini (2011) arguentaaket frictions should result in
an arbitrage free bound price. Because most oéthemket frictions (transaction costs,
for example) are constant and depreciable overetitge life of the contract, their
impact is a negative function of time to delivefherefore, the free price bound or the
size of the non-tradeoff opportunity window sholblel a decreasing function of this
time to delivery. Figure 3.4 exhibits a fluctuatiband with amplitude of 26.5% for the
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12-month maturity, whereas the five-year maturg lamplitude of approximately 6%.
According to this observed pattern, that arbitraggchanisms (forward prices outside
the free price bound) are more likely to happentier longest maturities is a coherent

notion.
5. STATISTICAL COMPARISON WITH RELATED ASSETS

In this section, the statistical analysis of théD [Forward prices at constant
maturities is deepened. We investigate the forwaide dynamics for the different
delivery dates observed (December 2007, Deceml®&.20 December 2015). We
conduct this analysis in parallel with the charastie of the underlying asset, publicly

traded real estate, and the risk-free rate.

To investigate the link between forward prices aalhited assets, we use the
Footsie 350 Real Estate IndékTSE RE), theJK IPD all property indicesthe total
return, the capital growth andthe income growthndex), and theUK Government
Bonds 1 Year Note Generic Bid Yiél@UKG1)°. The FTSE RE is a capitalization-
weighted index of all stocks designed to assesspdrormance of the real estate

supersector of the Footsie 350 Index.

As previously stated, the total return IPD all prdp index used as an underlying
asset in forward contracts is an appraisal-baseéxinehd suffers from lag and
smoothing effects. We partially adjust for thesasbks by computing an unsmoothed

total return IPD all property index (IPD un.), afided in Section 2.1.
5.1.General statistics

Table 3.1 presents different statistics relativéhi log return on a monthly basis
for the variables previously introduced. The resalie not annualized. In contrast to the
IPD index, the REITs, and the risk-free rate, atisfards at constant maturity exhibit a
normal distribution. IPD forwards seem closer to BRB index in terms of skewness
and kurtosis than the other assets consideredjdimg) the unsmoothed IPD index.

They have a low skewness of -0.14 on average agd&ir&S for the IPD index, and a

% The analysis was also conducted usinglKeGovernment Bonds 5 year Note Generic Bid Yiehe

results were similar and did not change any sigaiifi results.
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positive kurtosis in excess of 0.41 on averagersgd.75 for the IPD index. Similar to

the IPD unsmoothed index, the IPD forwards keeparage return corresponding to
one of the IPD index. On the contrary, of the IPBsmoothed index that, quite

surprisingly, deteriorates the skewness and thto&isr they enhance these criterions.
IPD forwards are the only series to satisfy the $Sa@n assumption regardless of the
maturity considered and usually required for pricimgdef*.

[INSERT Table 3.1 HERE]

In terms of volatility, all series except the IPBsmoothed index are significantly
different at the 1% confidence level of the IPD ixd&he average standard deviation
for the IPD forward is 3.35% on a monthly basisyieglent to 11.6% on an annual
basis, whereas the IPD index volatility is equabi8% on an annual basis. This result
amounts to a difference of more than 82%, on aegragth the IPD index and 61%
with the unsmoothed IPD index. Would the volatiliy the IPD forwards be more
consistent than the volatility of the unsmoothedD?P To examine this issue,
understanding the level at which the smoothing mpatar defined in Equation 3.1
matches both volatilities is interesting. We fiddhtt the volatility of the unsmoothed
IPD index equalizes the average volatility of tHeDI forwards for a smoothing
parameter of 0.26. Such a level for the coefficiemta strong indictment against
appraisers and contributes to a greater increatieeikurtosis and the skewness of the
unsmoothed IPD.

These forward volatility levels cannot be considees disconnected from real
estate risk because of the lack of developmenhénproperty derivative market; on
average, they have a 58% lower volatility than HIE&SE RE one, representative of
publicly and leveraged-traded real estate. Hex&rg problematic anomaly reduces the
interest for the IPD index and even for its unsrhedtversion. Indeed, their volatilities
are lower than the risk-free rate, whereas theyrgpeesentative of risky assets. Real
estate risk seems more realistic for IPD forwatdmtfor their own underlying asset.
We obtain a ranking in terms of volatility that rmla¢s our expectations. The FTSE RE
is the riskiest asset (leveraged and publicly wadend has the highest volatility,

1 \We used a statistic of Finisher-Snedecor.
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followed by the forwards (Geltner and Fisher (200d¢fends the notion that they
should correspond to an unsmoothed indicator otitiderlying asset) and the risk-free

rate. The latter are respectively the unsmoothé&ditidex and the IPD index.
5.2.REITs implied volatility

Table 3.1 shows an average difference of 56% betwee volatility of the FTSE
RE and the volatility of the forwards. However, dref concluding that the volatility of
the forwards is not correct, we have to disentatigdevolatility of their operating assets
from the effect of leverage. In other words, is vodatility of publicly traded real estate
after eliminating the leverage effect comparabléthoforward volatility? To investigate
this issue, we use the four main equity REITs m K market in terms of diversified
portfolio and capitalization. These REITs are ®Betish Land CompanyBLND),
Hammerson(HMSO), Land Securities GrougLAND), and SEGRO(SGRO). They
have an average annual volatility of 29.42% onrtbquity, comparable to the volatility
of the FTSE RE (27.74%)lhomson One Bankessued all of the accounting and
market information used for these REITs. We asdesgriplied volatility of the REITS’
operating assetgfixed assetlus working capitaj not total assets, which includes
assets such asash or short-term investmeptd hese operating assets are funded by
equity and total debt minusash and short terms investments,, inet total deht The
latter is the level of debt used to assess therdgeeof the REITs. We compute the
implied volatility relative to each REIT using thisk-free rate (GUKG1), its funding
structure, its equity market price, and the vatgtidf its equity (computed using a 24-
monthmoving windowY. This methodology, described in Portrait and Po(@@11), is
based on Black and Scholes (1973) and amountsrisidaring the stock price as a
European call option in which (1) the underlyinghe operating asset, (2) the strike is
the level of debt at market value and, (3) the migtis the debt maturity. Table 3.2

presents the results obtained and relative to eanfings announcement.

[INSERT Table 3.2 HERE]

We observe an average implied REIT volatility of48R6 from December 2006

%2 Other moving windows have been tested but the teesudre not significantly different.
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to June 2011. Although the forward return volatiig lower than 60% of the volatility
of the stock returns, it is only 30% lower than thaatility of the operating asset.
Moreover, this difference of 30% is partly explainky a particularly high implied
volatility from June 2009 to December 2010. By exiahg this period, we obtain an
average operating asset volatility of 12.2%, onlp% higher than the forward
volatility. In contrast, the IPD volatility remairg8% lower. IPD forward volatility is
relatively similar to REIT volatility once the lernage effect is eliminated. The
difference in volatility between IPD index and fawds or REITs can be thought of as a
difference in informational efficiency. Forward ggs are a potentially more accurate
indicator of the absolute level of real estate tiskn the real estate index itself.

5.3.Correlation structure analysis

We continue this analysis by presenting the ratatigps that exist between the
different forward maturities and between these &ds and other assets in terms of
correlation (Table 3.3). Regardless of the maturggch IPD forward is strongly
correlated with other IPD forwards. They have affocient of correlation ranging from
0.42 to 0.7 with the IPD index, and are significahthe 1% level. These correlations
even tend to increase slightly with the unsmoottirid index. IPD forwards are more
correlated with the IPD indices (smoothed and urethrex) than the FTSE RE, which
is a listed indicator. The correlation between BAB index return and the FTSE RE
return is significant only at the 10% level of cioleince, whereas it is significant at the
1% level of confidence for the IPD forward. If wensider that the IPD spot is a better
indicator of market trends compared with the RE{Tand that, in terms of risk, the
imply volatility of the REITs realizes a better flemance, then the IPD forwards seem
to cumulate all of the advantages of these indisatathout their drawbacks. With
respect to the risk-free rate after checking fdreotmaturities, we only consider in
Table 3.3 the one-year maturity (GUKG1) as docueentin Mueller and
Pauley (1995f. The correlation between the variation of the iRBex and GUKGL1 is

% Even if a thither connection seems to exist betwtke REITs and the private real estate market, (e.g
Chosh, Miles, and Sirmans (1996) and Lee, Lee,Ginidng (2007)), REITs are also strongly related to
the stock market (e.g., Giliberto (1990) and Clayand MacKinnon (2003)).

® They show that the difference in terms of corietabetween real estate prices and interest ratesry

small for the short-term versus the medium- and-tamm maturity.
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significant at the 5% level of confidence, wheréais significant at the 1% level of
confidence for the IPD forward.

[INSERT Table 3.3 HERE]

This particularity could be explained using the agal-based process. Indeed, if
real estate appraisers use the discounted cash(fd@¥) methodology, prices have a
stronger correlation with the risk-free rate. Howe\dartzell et al. (1987) shows that
interest rates have surprisingly little effect @p cates because appraisers seem to have
more faith in the prices that others are paying timtheir own discounted cash flow
analysis. In fact, they use the capitalization rodtlassociated with the comparable
method. The direct consequence is that new infoomat(in our case, an
increase/decrease in the interest rate) is pragedgsand not instantaneously integrated
into prices. For this reason, forward prices ccagdnore correlated to the risk-free rate
because of their greater sensibility to a chang@formation. This potential result
would be verified even if, independent of the sjpoice, we observe a positive
relationship between the risk-free rate and thevdéod price. This last remark refers to
the future-spot relationship well defined in therature (see, for example, Geltner and
Fisher (2007) and Syz and Vanini (2011)).

5.4. Are forwards potentially a leading indicator?

An analysis of the volatilities and correlationggeasts that forward prices could
constitute a more accurate real estate indicatan ths underlying asset. This
assumption refers to the price discovery functionfaivard prices and could be
particularly important in a market suffering fromany market imperfections.
According to the pricing equilibrium formula sugtg by Geltner and Fisher (2007),
forward prices should reflect market expectatiomd, aherefore, integrate a broader set
of information than appraisal-based index. If sixlhe case, forward prices could be
used as an advanced indicator of market pricesliustrate this hypothesis, Figure 3.5
graphs the IPD forward of constant maturity 6, 22, and 48 months across time along
with the IPD spot. The IPD spate., the observed level of the index, correspondiéo t
smoothed curve. The 6, 12, 24, and 48 months’ ntatseem to react before the IPD

spot: they seem to decrease before the fall amg@ase before the growth of the IPD
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spot. We also notice that, when the market decsease maturities except for the
48-month maturity are in backwardation. In contraghen the market increases, all
forward maturities are in contango. In Figure 3tg IPD forwards seem to exhibit a
lead relationship with the IPD spot. Forward pricgsould better reflect market
expectations discounted at the appropriate risepm@ than the IPD spot by including
a broader set of information. For instance, the emom of the IPD spot should be

price integrated. This is formulated in Geltner &msher (2007).

[INSERT Figure 3.5 HERE]

6. TEMPORAL CAUSALITY OF REAL ESTATE FORWARD SERIES

To complete the investigation, we analyze the teadpamutocorrelations to assess
the predictability of the different processes aoohsequently, their efficiencies. We
also analyze the correlations of the IPD with tleewhrd lagged to observe the
predictability of the index using the forwards. &g, we assess the lead-lag
relationship between forward prices and real estatees using a Granger causality

test.
6.1. Individual autocorrelation analysis

Table 3.4 presents the autocorrelation of the whffe forward prices for a lag
from one to four mont3 We do not compute the autocorrelations relativéne IPD
forwards of maturity December 2007 because thig teries was too short. The results
relative to the IPD index and the FTSE RE are mldizated here.

[INSERT Table 3.4 HERE]

% The data used are not related to the constantrityatBecause the aim is to analyze the forwardepri
fluctuations across time, we use the raw dataivelao the different maturities (December 2008,
December 2009, ..., December 2015). However, as wéodthe forwards at constant maturities, we

apply Equation 3.%o compute their returns.
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The IPD index and the unsmoothed IPD are strongtgcarrelated for any lag
from one to four months. All of their coefficierase positive and significant at the 1%
level of confidence. Surprisingly, even the unsrhedtIPD, which is supposed to be
more efficient, stays very far from efficiency. The-smoothing process does not really
seem to change the correlations levels. Classjcdlé/ FTSE RE is not autocorrelated
regardless of the lag considered because of tedlisature. In terms of IPD forwards,
the DEC2008 and the DEC2009 are auto-correlatédeat% confidence level until a
lag of two months. However, their level of autoetation of approximately 0.4 is not
comparable with the 0.7 relative to the IPD indiddsreover, all other forwards are not
autocorrelated at the usual level of confidencecotding to the autocorrelation
coefficients, forward prices seem more efficierdrtithe IPD index. Because they are
more efficient and then less predictable than theiderlying asset forwards have a

potentially strong interest in terms of the pricgcdvery function.

To push this analysis forward, the temporal aut@tations are computed using a
moving window of 24 months. By doing so, the autoglations are obtained for each
month from February 2009 to October 2011. We awetthg autocorrelation by 13
and obtain an average measure of the autocormelamoss time for each lag
considered. The results relative to the forwaraddgs of one to four are presented in

Appendix 3.1.

Figure 3.6 presents more specifically the resuatgtie one-month lag relative to
the IPD forwards, the IPD indices, and the FTSE Rie first-order autocorrelation of
the forward returns is between the IPD index andRR8E RE index. However, the
level is clearly closer to the FTSE RE, and if weaam a lag of four months, the spread
is much smaller. Their evolutions are also reldyiveimilar: the autocorrelation
increases slightly at the beginning of 2009 angsstlat until November 2010, before
decreasing and subsequently increasing again. ToekB (2002) methodology is used
to conclude that these series are cointegrateds Tbnvergence between the IPD
forwards and the REITs is an argument in favorhef fiact that investors would have

already developed arbitrage strategies.

® For each montht and lag j, the average autocorrelation is calculated, ddfinky

12?:1Corr(AIPDt_ji;AIPDt ), wheren is the number of forward maturities available ai@D; ;is the
n ) : :

forward log return at datefor maturityi.
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[INSERT Figure 3.6 HERE]

6.2. Cross autocorrelation analysis

Observing the relationship of the IPD index with tR® forward lagged is also
interesting. Because IPD forwards are more efficidreir lagged returns are strongly
significant for explaining the IPD returns. Inde@@ble 3.5 exhibits high correlation
between the IPD returns and the IPD forward laggedrns of one to five months.
Most of these coefficients are significant at the 18@el of confidence. With a
five-month lag, we still observe a positive andyseignificant (at the 1% level of
confidence) autocorrelation of 36%, on average. atcorrelations computed with
the IPD index are still more significant than witle unsmoothed IPD index. However,
correlation does not automatically imply causahtyd this intuition need to be tested

more precisely.

[INSERT Table 3.5 HERE]

6.3. Granger causality test

As in Yiu Hui, et al. (2005), we use the Grange9d6d) approach to determine
whether the forward price causes the IPD retum, to determine how much of the
current IPD return can be explained by past vabid¢ke forward return and vice versa.
The IPD return is said to be Granger-caused bydiveard returns if the forwards help
forecast the IPD or, equivalently, if the coeffiti® on the lagged forwards are
statistically significant. To perform these regress, we define lags up to six months.
In general, using more rather than fewer lags ieeb&ecause the theory is couched in
terms of the relevance of all past information. Arecally, to test whether forward
contract returns for which the term to maturityxig4IPD;,) lead the spot returns
(41PDy), or whether feedback effects occur between the teturns, the Granger
causality test is running under the null hypotheskeso causality(i.e., S,; = 0 and

B1i = 0) in the following bi-variate regressions:
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6 6
AIPD; = ago + Z ao;AIPD_; + Z BoiAIPD;_; » + &, (3.9
i=1 i=1
6 6
AIPD;, = ago + Z ay;AIPD,_; » + Z B1iAIPD;_; + vy, (3.5
i=1 i=1

whereag,, @19, Xoi, @1, PoiandS;; are the coefficients to be estimated; apéndv,
are the two errors terms. In Equations 3.4 andiifgre estimating the coefficients and
assessing their significance, we controlled fotti@tarity using ADF (Augmented
Dickey Fuller) tests for the different forward pgcat constant maturity and for the IPD
prices. The results show that both the forward gsri@and the IPD index are
nonstationary in level terms but are stationarthatr first difference of the logarithm.
Therefore, the first differences of a time serias, (the log return) are exploited to carry

out the Granger causality test.

Using this methodology, Yiu Hui, et al. (2005) istigate the lead-lag
relationship between the real estate spot and forwantracts markets using pre-sale
arrangemenfé. They establish that, “during a period of few tat®ons in the forward
market, the spot return leads the forward returnrmitvice versa. On the contrary,
when the volume ratio is higher (more forward sgldsere are feedback relationships
between the two markets.[...]The findings reveal that spot returns led the forward

returns but not vice versa during the period of imlume”.

[INSERT Table 3.6 HERE]

Our results introduced in Table 3.6 exhibit a ddfe lead-lag relation. The first
null hypothesis in Table 3.6, “forward return of tonéty 12 months does not Granger-
cause the IPD spot,” is rejected at the 1% levetarifidence. On the contrary, the

second hypothesis according to which the IPD retlmas not cause the 12-month

®" They state in their paper, “pre-sale arrangemargstypical in many cities such as Hong Kong and
Singapore, and are effectively forward contractthim sense that the contracting parties have agneed
the price, but the subject property, which is stiltler construction, will be transferred to thegrese at a

later date.”
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forward maturity is not rejected at the 5% levelcohfidence. In fact, we never reject
the null hypothesis for the IPD spot, whereas laigely rejected for the 12-month and
the 24-month maturity forwards at the 5% level aoihfidence. Regardless of the
maturity considered, the p-value related to thé Imgbothesis, “the forward return does
not granger cause the IPD retfirnever exceeds 10.29%, whereas the p-value related
to “the IPD return does not granger cause the fatwaturn” rise increases to 36%.
These results imply that forward prices lead the #pot but the inverse relation is not
verified, there is no feed-back effect. The differe in the pricing information set

between IPD forwards and IPD index affects theusedity relationship.
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7. CONCLUSION

This paper use the IPD UK All Property Total Retsmaps to conduct the first
statistical analysis of property derivative pricBecause swaps are essentially a series
of forward contracts sewn together and agreed @tloat once up front, we made the

choice to analyze these building blocks rather siaatps directly.

For this market, the Samuelson effect does not Hidid. absolute return and the
volatility regularly increase up to two years ankert become constant. This
phenomenon can partially be explained by the smiogtleffect that attenuates the
impact of new information into future prices in tBhort run, and by progressively
increasing the risk in the real estate market fitgalen its nature of being more
deterministic in the short-run. The analysis of thmur moments suggests a
segmentation of the derivative market accordingthhie maturity of two years,

motivations and market participants could well efiff

The risk is higher for forwards than for the IPRIex and the unsmoothed IPD
index, and tends to converge with the implied viiatof the REIT’s operating asset.
During that period, the IPD and the IPD unsmootpessent unrealistic levels of risk,
lower than the risk-free rate. The unsmoothed wearsif the IPD, which is supposed to
be more efficient, also realizes poor performamcéerms of skewness, kurtosis, and
temporal autocorrelation, whereas the forwards raesonably closer to efficiency.
These forward curves are clearly superior to tlog series in terms of risks but without
behaving badly in terms of trends. Forward retuatso exhibit a higher degree of
integration with the REITs market.

Finally, the lead-lag relationship between the spotl the forwards was also
tested. Our findings indicate that forward retue®d the IPD returns but not inversely;
clearly, no bi-directional relationship of causaléxists between the two returns. IPD

returns can be strongly explained by the past gatdi¢he forward returns.

Given the lack of efficiency on the spot market, lvedieve that forward prices are
a very useful indicator for investment decisiongl aeal estate risk management.
According to numerous criterions, we believe tiatytrepresent the best compromise.
In a market suffering from a high degree of friatictudying forward curves reveals
them as being particularly informative and has plogéential to greatly contribute to

increasing market efficiency. Buyers and sellersukh@ollect information not only
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from the spot market but also from the derivativarkat.
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APPENDIX
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Appendix 3.1:Average muing autocorrelation lagged from one to famonth:

The data are relative to theK IPD all property total return swap from Denber 2006
September 2011 for variousiaturities and stripped into forwards according Drouhin an
Simon (2011a).

We graph the autocorrelation the IPD forwards in log retur across time on énonthly basi
using a 24month moving winlow. Because different maturities are availableeach date, v
computed the average autocoation of ordep (with p € [1; 4]) between these diffeent maturitie:
For example,Corr(Rt, Rt-1)represents the average of the -order autocorrelaon relative t

different contract maturities at tet.
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Table 3.1:Monthly log returns of forward prices at constaraturity, IPD indices
(smoothed and unsmoothed), GUKG1, and FTSE RE

The Footsie 350 Real Estate IndéX SE RE and the UK Government Bonds 1 Year Note Generic
Bid Yield (GUKG]) are from Datastream. The monthly UK IPD all pndpendex (PD) was
provided by the Investment Property Databank, aedRD Un corresponds to the unsmoothed IPD
index (calculated through an AR(1) model). The gqaoof the UK IPD all property total return
forwards were computed through the quotes of tlie s®Raps provided by the hedge fund Iceberg

Alternative Investment.

The sample used in this table runs from Decemb86 20 October 2011. All results are presented
on a monthly basigPD(t,t+Xm) references the forward of maturiymonths at datg St.dewvto the

standard deviation,e., to the volatility, andB-statto the statistic of Jarque-Bera.

The significance of the skewness relatively to amrad distribution (skewness equal to zero) is

analyzed through to the subsequestiatistic that follows a standard normal distribnt t — stat =

Sk
J6/n

Concerning the significance of the kurtosis in esceelative to a normal distribution, we use the

, Where Sk is the skewness and n is the number séraations in the sample considered.

following t-statistic that follows a standard normal distribaot ¢t — stat = K =, whereKu is the

J24/
kurtosis in excess. The Jarque-Bera statisigta) follows a y?(2) and allows us to determine
whether a variable is or is not normally distriltitén this test, under the null hypothesis, the

variable is normally distributed. The JB-statistec defined using the following relahship:

_ —n[gp2 4 KW?
JB stat—6[5k — ]

Average St. dev Skewness Kurtdsis  JB-stat
IPD -0.15% 1.84% -0.85** 0.75 8.19*
IPD Un -0.15% 2.08% -1.06** 1.50** 15.98***
FTSE RE -0.31% 8.01% 0.05 1.53* 5.60*
GUKG1 2.30% 2.11% 0.60* -1.55** 9.07*
IPD(t,t+12m) -0.13% 3.05% -0.27 0.37 1
IPD(t,t+24m) -0.16% 3.57% -0.21 0.64 1.38
IPD(t,t+36m) -0.13% 3.01% -0.30 0.23 0.95
IPD(t,t+48m) -0.21% 3.78% 0.08 1.21* 3.56

*** Significant at the 1% level of confidence.
**  Significant at the 5% level of confidence.
*  Significant at the 10% level of confidence.

t In excess.
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Table 3.2:Implied volatility from UK REITs

The data are relative to the following real estateestment trusts obtained from
DatastreamBritish Land CompanyBLND), Hammerson(HMSO), Land Securities
Group (LAND), andSEGRO(SGRO).

We compute the volatility of the REIT assets imiplljcpriced in their stock prices.
Using Black and Scholes (1973) and Portait and €of@008), we exploit the following
equation that links the operating asg@f) volatility with equity EV) volatility.

n(E;TV)+(Tf+U(ZJA/2)T
UOA\/T

with d; = L and N(x) = P(X < x),

%04 = N(aoa PEV
wheregy, is the volatility ofY (with Y referring toOA andEV), OAis the market value of
the operating assetB, is the net amount of debf, is the debt maturity in number of
years,rf is the risk-free rate, arlch is the logarithm function. The,, equation can be
solve through iteration. This proceed should userttarket values of debt and equity.
However, we use the book value of debt. Th& value is considered equal to the net
debt value plus the equity market value. We usentbighted average maturity of debt
as a proxy off, the maturity of debt. This proxy is defined ihfadancial reports of the

four REITs considered. The weighted average matohserved was 9.7 years.

Date HMSO BLND SGRO LAND Average
30/06/2011 13.21% 16.73% 14.03% 14.53% 14.62%
31/12/2010 21.23% 20.80% 31.37% 25.38% 24.69%
30/06/2010 26.57% 20.09% 34.26% 24.39% 26.33%
31/12/2009 29.29% 21.30% 37.73% 25.50% 28.45%
30/06/2009 25.15% 15.57% 29.58% 16.06% 21.59%
31/12/2008 14.74% 11.11% 13.51% 10.51% 12.47%
30/06/2008 12.81% 9.22% 10.33% 10.69% 10.76%
31/12/2007 14.76% 9.92% 12.31% 11.56% 12.14%
30/06/2007 13.34% 10.16% 12.25% 13.75% 12.38%
31/12/2006 11.51% 10.47% 10.50% 12.88% 11.34%

Average 18.26% 14.54% 20.59% 16.52% 17.48%

Median 14.75% 13.34% 13.77% 14.14% 13.54%
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Table 3.3Correlation matrix

The Footsie 350 Real Estate Indé¥ EE RE and the UK Government Bonds 1 Year Note Geneidc¥Beld (GUKGI) are from Datastream.
The monthly UK IPD all property indeXRD) was provided by the Investment Property Databané& thelPD Un corresponds to the
unsmoothed IPD (calculated using an AR(1) modete Guotes of the UK IPD all property total retuomfards,|IPD(t,t+Xm), relative to the
maturity X months at datg were computed through the quotes of the IPD ssges Drouhin and Simon (2011a)) furnished by #dgle fund

Iceberg Alternative Investment.
The sample used in this table runs from Decemb@6é 20 October 2011.

AX (with X referring tolPD, IPD Un, FTSE RE andIPD(t, t+Xm)) corresponds to the log return Xf We assess the significance of each
correlation coefficient. Under the null hypothe@is correlation), the following-statistic follows a student law at2 degrees of freedom. is

the number of observation in the sample, 57.t — statistic = vn — 2 T ppz - Student(n — 2), wherep is the estimated coefficient of

correlation.
AIPD AIPDun. AFTSERE  GUKG1 AIPD(t,t+12m) AIPD(t,t+24m) AIPD(t,t+36m) AIPD(t,t+48m)
AIPD 1
AIPD un. 0,92%* 1
AFTSE RE 0,24* 0,32* 1
GUKG1 -0,27** -0,31** -0.19 1
AIPD(t,t+12m) 0,70** 0,69*+* 0,41%* -0,39*** 1
AIPD(t,t+24m) 0,59*** 0,64** 0,40%+* -0,37** 0,92%+* 1
AIPD(t,t+36m) 0,52%+* 0,56*** 0,39%+* -0,34*** 0,87** 0,98*** 1
AIPD(t,t+48m) 0,42%* 0,44** 0,39*** -0,30* 0,79** 0,90%** 0,9 5*** 1

*** Significant at the 1% level of confidence.
**  Significant at the 5% level of confidence.

*  Significant at the 10% level of confidence.
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Table 3.4:Autocorrelation for a lag of one to four

The Footsie 350 Real Estate Ind&XSE RE is from Datastream. The UK IPD all property
index (PD) has been provided by the Investment Property li2etia and thelPD Un
corresponds to the unsmoothed IPD (calculated ulsBM@R(1) model). The quotes of the
UK IPD all property total return forwards were camgd using the IPD swap quotes (see
Drouhin and Simon (2011a)) furnished by the hedgwe flceberg Alternative Investment.
DEC20XXreferences the IPD forward price at diaté maturity December 20XX.

The sample used in this table runs from Decemb@6é 26 October 2011.

The autocorrelation of théD, IPD Un, FTSE REand the IPD forward prices in log returns
is computed for a lag from one to fol€orr(R;R.,) corresponds to thg months order
autocorrelation of the returns for the differentiables consideredR(refers tolPD, IPD Un.,
FTSE REDEC2008...).

Corr(R;R:.1) Corr(R;R:2) Corr(R;Re3) Corr(R;R.4)

IPD 0.83%* 0.7 0.59** 0.49%+*
IPD Un. 0.78** 0.63** 0.55** 0.42%*
FTSE RE 0.11 -0.04 -0.01 0.23
DEC2008 0.49%* 0.41%* 0.29 0.13
DEC2009 0.42** 0.30 0.28 -0.10
DEC2010 0.49%* 0.37** 0.26 0.12
DEC2011 0.11 0.06 0.08 0.02
DEC2012 0.30** 0.11 0.21 0.06
DEC2013 0.18 0.26 0.17 0.04
DEC2014 0.04 0,00 -0.03 0.01
DEC2015 0.03 0.04 -0.02 0.04

*** Significant at the 1% level of confidence.
**  Significant at the 5% level of confidence.

*  Significant at the 10% level of confidence.
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IPD Un corresponds to the unsmoothed UK IPD all propeantek (calculated using an AR(1) model). The quatethe UK IPD all
property total return forwards were computed thiotlge quotes of the IPD swaps (see Drouhin and 15i{2011a)) provided by Iceberg
Alternative InvestmentdDEC20XXrefers to the monthly IPD forward log return oftonéty December 20XX.

The sample used in this table runs from Decemb@6 20 October 2011.

Corr(4IPD un.t,Xt-L)corresponds to the correlation between the ratfithe unsmoothed IPD at dateith the return of th& variable at

datet-L months. It constitutes a proxy for the abilityfazecast the IPD return at dateising the IPD forward return of dateninusL

months.

Table 3.5:Correlation of IPD index unsmoothed with IPD fordiéagged

Corr(AIPD un.t,Xt-1)

CorrAIPD un.t,Xt-2)

CorrAIPD un.t,Xt-3)

CorrAIPD un.t,Xt-4)

CorrAIPD un.t,Xt-5)

ADEC2007
ADEC2008
ADEC2009
ADEC2010
ADEC2011
ADEC2012
ADEC2013
ADEC2014
ADEC2015

0.87**
0.36***
0.63***
0.58***
0.57**
0.50%**
0.43***
-0.03
0.06

0.82%*
0.45%**
0.67***
0.58***
0.58***
0.44***
0.55%**

0.03

0.09

0.88%*
0.20
0.56***
0.52%**
0.60***
0.49%**
0.61%**

0.38***
0.23

0.80***

0.06
0.51%*
0.48**
0.52%**
0.40***
0.68***

0.34%*
0.29

0.42
0.17
0.40%**
0.38***
0.39%**
0.27%*
0.66***
0.35***
0.28

*** Significant at the 1% level of confidence.
**  Significant at the 5% level of confidence.

* Sianificant at the 10' level of confidence
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Table 3.6:Results of Granger causality tests between theftPards and

their underlying, the IPD index

The monthly UK IPD all property indexRD) was provided by the Investment Property
Databank. The quotes of the UK IPD all propertyataeturn forwards]PD(t,t+Xm),

relative to the maturiti months at datge were computed using the IPD swap quotes (see

Drouhin and Simon (2011a)) furnished by Icebergiative Investment.

The sample used in this table runs from Decemb@6é 20 October 2011.

Technically, to test whether the returns of forweohtracts for which the term to maturity

is X (4IPD(t,t+Xm)) lead the spot returng!lPDt), or whether there are feed-back effects

between the two returns, the Granger causalityisestn under the null hypotheses of “no

causality” {.e., By; = 0 andp;; = 0) in the following bi-variate regressions:

6 6
AIPDt = CZOO + Z aoiAlPDt_i + ZﬁOiAIPDf—i,x + €t,

i=1 i=1

6 6
AIPD,, = ayy + z a AIPD,_; . + z B1;AIPD,_; + v,

i=1 i=1

whereago, @19, @i, ®1;, Boi» @aNdP;; are the coefficients to be estimated ap@ndv, are

the two errors terms. Prob. corresponds to theghitity of rejecting the null hypothesis

when it is true (Type | error).

Null hypothesis: Obs F-Statistic Prob.
AIPD(t,t+12m) does not Granger Caud@D; 51 4.5 0.16%
AIPD, does not Granger Caus&D(t,t+12m) 51 2.3 5.61%
AIPD(t,t+24m) does not Granger Caud@D, 51 3.2 1.21%
AIPD, does not Granger Caus#&PD(t,t+24m) 51 1.9 11.35%
AIPD(t,t+36m) does not Granger Caud@D; 51 2.1 8.14%
AIPD; does not Granger Caua&D(t,t+36m) 51 11 36.67%
AIPD(t,t+48m)does not Granger Causi®D; 51 1.9 10.29%
AIPD, does not Granger Caus&D(t,t+48m) 51 1.3 28.09%
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Figure 3.1:Five years implied forward curves from Decembed@
December 2010

This figure represents the fiwear UK IPD all property total return forward testnucture for eac
end of year fronDecember 2006 to December 2010. This figure coomdpto the set of availal
forward prices as a function of their maturity. Tinaturity zero is the UK IPD all property tc

return index (the underlying in level) on the dedasidered.

The data usedre relative to the UK IPD all property total retiawaps stripped into IPD forwai
(see Drouhin and Simon (20))and provided by Iceberg Alternative Investmérte UK IPD al
property total return index was provided from thedstment Property Databank.
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Figure 3.2:Propery derivative price log returns in percentaciange per mon

The dataset used is relative the quotes of the UK IPD all property total ra swaps stripped into IF

forwards (see Drouhin and Son (201:a)) and provided by Iceberg Alternative Irstmen

DEC20Xxrefers to Decembe20XX, the maturity of the forward contract coresied. (a), (b), (c), (d), (e), (
(9), (h), (i), and (j) make re=ctively reference tthe log return of the forwardrice of maturity Decemb
2007, December 2008, Decoer 2009, December 2010, December 2011, Deer 2012, December 20:

December 2014, December 15, and December 2016, over ti Forward price uctuations are observal

from January 2007 to their eration date or to September 20
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Figure 3.3 Main statisics of the monthly forward log returns in gent as ¢

function of maturity

The dataset used here is red tothe quotes for the UK IPD all property totreturn swap
stripped into IPD forwards (seDrouhin and Simon (20a)) and provided by Icebg Alternativi
Investment. As the delivery des in the property derivative market are alwagsed on the IP
level on December 31, directlyonducting an analysis using constant maturigésipossible e.g,
there are no forwards of meity June 30). Consequently, to study the varias of differen
forwards at constant maturitiee.g, the 12-month contract maturity across tinve¢ compute tr
IPD forward of maturityi-month for each month with a linear approximatibetween tw
available maturities.

Thereafter, we calculate the tt fourth momentsi.e., absolute mean returns, varze, skewnes
and kurtosis of the IPD forwd returns for each constant maturity availaThese results a

previously presented for all mirities
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Figure 3.4:Implied IPD forward rates for the maturities frd& to 60 months

The dataset used here is related to the quotahdodK IPD all property total return swe
stripped into IPD forwards (see Drouhin and Sim@01(13) and provided by Icebe

Alternative Investment.

This figure represents the five-year implied fordvaate term structure for each endyefa
from December 2006 to December 2010. This figuneesponds to the set of all availa
implied forward ratesk, r, at date as a function of maturityl. K, r is defined as:
L

tT T -y

wherelPD; is the IPD index observed at datéPD(t,T) is the IPD forward of maturity at

datet, and(T-t) is the time to delivery expressed in number of ge@he result is an analy
of the log difference in percentage between thevdiod price and the spot price for differ

maturities on an annual basis and over time.
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Figure 3.5:Spotprices and forward prices at constant may

The dataset used here is rere to the quotes of the UK IPD all property toreturn swap

stripped into IPD forwards (seDrouhin and Simon (20a)) and provided by Iceltg Alternativi

Investment. Because the deliy dates in the property derivative market areagh based on tl

IPD level on December 31, aducting an analysis using constant maturite.g, there are ni

forwards of maturity June 3(is impossible. Cnsequently, to observe these fard prices ¢

constant maturities, we compi the IPD forward of maturiti-month for each montusing a line:

approximation between two alable maturities

The following figure represes the evolution of the forward ice (at constanmaturity) fol

different maturities from Deceber 2006 to September 2011. The smoothed currelative to th

UK IPD all property total returindex provided by the Investment Property Datét
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Figure 3.6: First-order autocorrelation, a compaor

The Footsie 350 Real Estatedex FTSE RE is from Datastream. The UK IPD property index IPD) was
provided by the Investment Fperty Databank and tHPD Un corresponds to ¢hunsmoothed IPD (calculat
using an AR(1) model). The otes of the UK IPD all property total return fomala were computed through -

IPD swap quotes provided byeberg Alternative Investme

We graph the firsbrder autoorrelation of theFTSE REIPD, IPD Un, and the D forwards in log returr
over time on a monthly basissing a 2-month moving window. Because differe maturities are available
eachdate for the IPD forwais, we compute the average +order autocorrelatn between these deren

maturities. This series is calleere theAverage Forward
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CHAPITRE 4:Forward curve risk factors analysis
In the UK real estate market

ABSTRACT

This paper empirically investigates the risk fastof the property swap
prices using four years of price data relativeni®WK Investment Property
Databank (IPD) Total Return All Property Swaprhe choice of the UK
market is justified by the fact that this markethe most mature, although
recent, all over the world. The forward curves @eeved using a bootstrap
method and the statistical characteristics areyaad| a first difference
model is used to determine its main components.abByecs of the forward
curves are important for practitioners in termspoating and hedging of
derivatives contracts. The risk factor structuréaoied is more complex
than found in many other studies relative to comitiex] securities or

bonds. Possible reasons for this phenomenon aresdisd.

Keywords: Real estate swap, forward curve, appraisal bawkek | first-

difference model.
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1. INTRODUCTION

Property derivatives provide access to a uniquesaid asseté and allow for real
estate trading in a liquid context for short-termribons. They offer portfolio
diversification at a low cost by taking a position the overall market and not only on
some properties. Specifically, property derivativesild improve diversification both
domestically and internationally and facilitate #dme strategies across various
markets. This is helpful for investors like mediuportfolio manager for whom
diversification is otherwise hardly within their agh. Tactically, they offer the
opportunity to hedge and profit from a downturnthe property market. Furthermore,
property derivatives may contribute to ease flutug in property prices since they
convey information about the fundamental value bé& tunderlying assets. This
mechanism is more generally referred to as theepdiscovery function of the

derivative market.

Banks, homeowners, and mutual funds also have denadile needs for property
derivatives. Banks are exposed to real estate griee credit mortgages and more
generally, all the economy through securitizatioWhereas Flavin and
Yamashita (2002) explain that homeowners carryoahigh amount of property risk to
achieve optimal diversification, Syz, Vanini, eth8a(2007) show that their risk
exposure as their probability of default can benidicantly decrease by adding property
derivates to credit mortgages. Mutual funds areredted in property derivatives as they
allow positive exposure to real estate prices, Wwidan improve their diversification.
Without derivatives they are reluctant to investréal estate, a market which is less
familiar and more complex than bonds or stocks.ti@nother hand, it is particularly
interesting to remark that all listed companies@tentially more and more concerned
by these financial products. Indeed, under Intésnat Accounting Reporting
Standards (IFRS), corporate properties must beimeghavhen they are carried at less
than their recoverable amount under the Internaltiéicaounting Standard (IAS) 36.
Furthermore, IAS 36 enables firms to reevaluatep@ries when the recoverable
amount increases.e., when real estate prices rise. The use of failteevgrows the

possibility that properties may influence accouettlsment. Therefore the desire to

% See Clayton, Michael Giliberto, Gordon, Hudson4bil, Fabozzi, et Liang (2009) and Ibbotson et
Siegel (1984)
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avoid real estate risk while retaining ownershiswéategic assets should expand in the
future. Property derivatives have the potentidbégsome a dominant tool for providing

solutions to such needs.

There are generally three forms of derivative taatisns: futures/forwards,
options, and swaps. In a broader sense, one ctaacdd securitized products, housing
loans and warranty agreements. They have mainiy lokveloped in the United
Kingdom (UK) and have appeared in the United Stétk3) in recent years. Although
the UK market is today the most mature, it essiyti@mains anover the counter
(OTC) market where the most liquid contract is fhetal Return SwafdTRS) on
Investment Property Databafik(IPD) indices. Since 2006, futures are listed ba t
Chicago Mercantile Exchange (CMEBRand more recently on Euréxbut the volumes
stay lower. That said, the amount of data is nowicent to investigate with IPD
derivatives. To our knowledge, this paper represéme first attempt at an empirical

investigation.

A 2006 survey of U.S. real estate investment mamsagad other likely
participants in a derivatives market, conductedtliny MIT Center for Real Estate,
identified a lack of confidence in how the derivas should be priced as one of the
most important perceived barriers to the use ofdéevatives: 75% of respondents
indicating this as either amportant or very important concern. Such concerns are
understandable because property derivatives prediiféer from traditional derivatives
products, in that the underlying reference aétdet real estate index) cannot be traded
in a cash or spot market. This complicates theingiof property derivatives, as the
basic Black-Scholes formula and the traditionalfes-spot arbitrage do not hold. In
these pricing methods, derivative prices do not depen individual preferences,
because any derivative is assumed to be perfegplycable by an appropriate trading
strategy in the underlying asset. In other word dsprit is based on a no-arbitrage
argument and on the market completeness which tallmov market expectations and

% The Investment Property Databank Ltd. was cremtebe UK in 1985 and was meant to measure and
analyze properties by compiling data from leadingperty investors. Concerning the UK indices, data
have been published for the first time in 1985reaich back to 1981.

O http://www.cmegroup.com/trading/real-estate

" http://www.eurexchange.com/exchange-en/products/prd
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preferences to influence the price of the deritivSince that argument does not hold
for property derivatives, different approaches ndedbe considered. Theoretical
research explores these topics but they do not sdxento explain the observed price
quotes. Moreover, no extant empirical research stigates the issues of property
derivative prices. This paper improves the undaditey of property prices, and offers
market practitioners a foundation to become invblvath derivative products. This
paper investigates the risk factors of propertyvagives. Risk factors are the variables

for which a change conducts to a change of thegotpplerivative prices.

All our study is based on the UK All Property totaturn swap, the most actively
traded property derivative contract. Section 2 dees this product and introduces the
literature relative to its pricing considerationecBon 3 states and explains the
methodology used to analyze the property swap fastors. Section 4 describes the
data. In Section 5, we investigate on the factarsdacting to their changes using a

first-difference model. Section 6 concludes.

2. PROPERTY DERIVATIVES: THE CASE OF IPD ALL PROPERTY TOTAL
RETURN SWAPS

In this paper, we focus on the UK market and carssblely the annual IPD all
property total return swaps. This choice is justlfiby the fact that the swaps on the
annual IPD all properties index are the most abtiveaded. In Section 2.1, we
introduce the underlying asset and in Section @ introduce the derivative and the

literature review relative to its pricing.
2.1.The underlying asset

Unlike the stock market, it is not possible forlreatate derivatives to use one
single physical asset as underlying. To do so, seeaureal estate index as the primary
asset to calculate the percentage change in pyopemtket prices in each consecutive
period. The time intervals are chosen to be ag stsgpossible and typically range from
one month to a year. Two major types of properigepindices are available: appraisal-
based indices and transaction-based indices. Adthotransaction-based indices
represent the market price better than appraissdeadices, their constructions often
suffer from too small a number of observed transast This point is particularly acute

when it comes to write a derivative on this undedyindex. Indeed, we need the
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index’s nominal level at each settlement date eWvdghe market volume collapses.
Otherwise, we would not be able to compute the fiafdhe derivative.

There are a variety of appraisal-based indices fvanous providers. However,
the IPD-indexes are well recognized among markattpgioners and widely used for
derivatives in Europe. Its equivalent on the U.&rkat would be the National Council
of Real Estate Investment Fiduciaries (NCREIF). yTlpeovide three standardized
measures of performance for each sector under dmnasion: total return, income
return and capital return. All growth and index ccédtions are value weighted,
meaning that “each property contributes to the taauproportion to its capital value
and are compounded monthly to report industry stehéime weighted measures for
guarterly, biannual and longer periods” as defingdPD. Considering the UK market,
IPD has also developed raonthly all property total return indewith coverage of
15%'2 of the total professionally managed UK propertyestment market. This index

is used as the monthly proxy of the annual IPDxnde

The use of appraisal-based indices for propertyivatives is not without
consequence. They suffer from two major types obj@ms: noise and lag. Noise refers
to random deviation between the index value anchthaal market price. However, this
problem should not be a real concern for indiceb Varge market coverage. Lag gives
index inertia and predictability. It causes the extpd future returns of the index to
differ from the equilibrium property market retuexpectations. The temporal lag in
appraisal behavior is explained by the fact thatraigers use past transaction prices to
make current estimates for property valuationssfymanny of past valugshenomenon
also conducts the index to be a smoothed indicatdhe sense that it underestimates
the true level of volatility. Noise and lag redube value of appraisal based indexes for
targeted investment purpose and benchmarking;dbelg also constitute an obstacle to
the growth of real estate derivative markets. Beeathe index is non-tradable and
cannot be perfectly replicated, the classic arpgranechanisms do not necessarily
apply. The differences between the index and thieriying property market it tracks

must be accounted for in the equilibrium priceha derivatives.

The mismatch of real estate indices has been eglor various studies.g.

2 0Only a few institutional investors such as the RrgpUnit Trusts (PUTSs) face a legal obligation of

monthly appraisals.
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Firstenberg, Ross, et Zisler (1988), Quan and @wigl(1989,1991) and
Geltner (1991, 1993). Lag causes indices to hafferent risk characteristics than the
average property tracked by indices; as indicatedchplies a smoothing of the true
market volatility and a dampening of apparent datien with other financial assets.
Usually a first-order autoregressive model is aoeable model to evaluate appraisers’
behaviors and capture smoothing phenomenon.

2.2.The contract

Parties in a UK property return swap trade an aniR[a real estate total return
index for an interest rate. Since 2006, there e@nla shift towards a simplified annual
contract with fixed interest rate. At the beginnioigthe contract, the purchaser of real
estate risk agrees to pay a fixed price eachfgedhe duration of the contract, usually
between one and five years, based on a notionalaarsize €.g, £10m). In exchange,

the buyer receives the annual total return of éhevant real estate index.

For UK All Property trades, the relevant index e tPD Annual All Property
Index. As this index is published at the end ofrbaby of the following year, annual
cash flow payments for swap trades are settle@gihhing of March. Although swaps
can be structured and tailored to suit the needsnoidividual investor (as they are
OTC instruments), we focus on the conventional fahmeIPD Annual UK All Property

Swapbasedvith a fixed-rate.

Their prices quote the fixed-rate leg over calengzars, regardless of when the
trade was actually executed. The price of the fisedd-leg will change over the year,
taking into account the performance of the IPD Mdéntconsidered as a reliable

estimator of the IPD annual.
2.3. Literature review
2.3.1.The major problems

Contemporary financial pricing models are basedaonnarbitrage-free efficient
market model where the price reflects the abildycteate a self-financing arbitrage
portfolio. Bjork and Clapham (2002Ratel and Pereira (200Who have extended the
model of Buttimer, Kau, et Slawson (199Tse the assumptions that the real estate

index process can be treated as the price prodesst@ded asset with a certain
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associated dividend (income) process and in cootigutime to assess property
derivatives. They obtain the same results as iremi@ditional markets such as stock
markets: the buyer of a swap has to pay the resi fate in exchange for the real estate
return, and any forwards follow the well known frgs-spot parity theorem. However
these results do not explain thestorical spread (fixed-rate minus LIBOR) for real
estate total swaps which has been large, hundfduisss pointsTheir assumptions are
overly simplistic in the case of derivatives, whdre underlying asset is a non-tradable
asset, such as the UK IPD All Properti@he strength of the traditional arbitrage
mechanisms operating on the market depends oraged buying and short selling a
replicating portfolio. However, direct properties cannot be traded contislyoand
instantly at the prevailing spot in order to repte the underlying index. As explained
by Syz (2008), real estate transactions are chaiaet by high transaction costs (the in
and out cost is between 5% and 7%), slow transagtiocess, illiquidity, and the
absence of short selling. This is a non-exhaudisteof the difficulty to replicate real
estate index by trading direct property. Indeetjtaage traders will faceg.g, to the

vacancy rate or to the reinvestment of the interargdiash flows.

In the case where the seller of the derivative dlesady a property portfolio, it
will not perfectly replicate the IPD index. Indeedperfect real estate diversification in
the sense of Markowitz is unrealistic and necelysases a lot of capital that is not
acceptable in self-financing traditional arbitragrategies. Moreover, even if the
property ownership has a truly diversified portiolihe dynamic of the real estate index

will not entirely match because of the noise ampldHects.

Moreover, Bertus, Hollans, et Swidler (2008) showing 23 years of data, that
replicating real estate index with existing futucestracts would be largely ineffective
for the U.S. as a whalehey find an R-square between 9% and 20% accortdirige
index analyzed. Considering listed real estateclei as Real Estate Investment Trusts
(REITS), Lee, Lee, et Chiang (2007) reveal an exisbut limited connection with the
Russell-NCREIF index. According to Glascock, LuSet (2000), REITs behave more
like stocks after 1992 although equity REITs arentemrated with private real estate
during their entire sample period.

The use of an untradable underlying asset whiclpagicularly difficult to
replicate explains why market participants ideatlfia lack of confidence in how the
derivatives should be priced as one of the mosbitapt perceived barriers to the use
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of the derivatives. We need to deeply considerdia¢ estate vehicle characteristics and
the dynamic of the underlying index to develop ipgaheory.

2.3.2.Theoretical elements

Swaps are essentially just a series of forwardraote stitched together and
agreed upon all at once up front; understandingvdicdl prices are an appropriate
approach to analyze the swap prices. Geltner asiteFi(2007) define the equilibrium

forward prices as Equation 4.1.

IPD(t,T) = E,[IPD;] X e IPP@erx(T=0) (4.1)
where,

IPD(t,T) = forward price agreed upon at time t to be pdichaT.

E.[IPD;] = the expectation as of timeof the future index price (value) at
timeT.

IPD(m).r = market equilibrium-required ex ante risk premiin the index

total.

The termE[IPD;] allows forward prices to reflect any predictalildr forecast
relative to an appraisal-based index, here, the ifel@x. At equilibrium, they should
theoretically correct the lack of efficiency asswed to their underlying assets.
Moreover, this formula does not contradict the ffeitsppot parity theorem. Indeed, if the
IPD index was tradable and efficient, Equation w@uld be verified and then we

should recover the well known relation.

E.[IPD;] = IPD, x elrfertIPD@er|x(T-0), (4.2)

whererf, r is the risk free rate at date t for the matufity

Regarding the fixed rate of the swaps Geltner arghef (2007) defined a
theoretical model conforms to the price implied bguation 4.1. They identify the

existence of a feasibly trading window summariz&guation 4.3.

rf+L—a—-b<FR<rf+L+B, 4.9
where,
rf = is the riskless interest rate.
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L = consists of the difference between the indektae property equilibrium
risk premia plus the momentum effect.
a = corresponds to the alpha expected by shortegairtom their covering
portfolio.
B (b) = reflects the private expectation of the lonbof$) side to reflect his
relatively bullish (bearish) outlook, we can assuims B (b) is positive
(negative).
FR  =represents fix rate of the swap.
Notice that the termdg+L are common to both sides of the condition statégnation
4.3. Thus if both parties have neutral expectatadrsut the market, and the short party
expects no alpha from their covering property hidf(B = b= a = 0), then the only
feasible trading price, Equation 4.4, is a singtenp which includes the index lag
effect,L.

FR=rf +L. (4.4

In Equation 4.4, the meaning of price changes énstiap market at the equilibrium has
only two components, a change in interest ratesaanddange in the index lag effect.
However these theoretical results are not suffidierexplain the observed fixed rate on
the market; Equation 4.1 which is the primary eletnaf the swap prices has to be
revisited. Lizieri et al. (2010), extent these sshes by introducing other frictions
(partly quoted by, Geltner and Fisher (2007)) whadnduct to define an arbitrage
trading window around the equilibrium forward priceainly explained by the
transaction cost (round trip costs around 7.7%®, tthnsaction time (search process
could easily take 6 months) relative to the tratisamn the direct properties and by the
difficulty to short sell real estate. However, imst pricing consideration, the interest
rates stay the most important component aroundhhie window will be build. This
ability to buy real estate to tradeoff property idatives could be objectionable and
could involve many problems; for example, the payhad the capital growth (do we
have to sell a part of the building?), the managerévacancy risk and the minimum
portfolio amount to get an optimal spatial and et@aal diversification.

For all these reasons, prices defined by Equatibrare difficult to trade-off and
can move away from their equilibrium. If there ig strength to assure this relation,

price will only be a result of a mechanism of syppind demand. Syz (2008)
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conjectures that inside the arbitrage bands defioyetthe price of the underlying and of
the market frictions, the expectations of marketigipants drive derivative prices. By
defining LB as the lower bound andB as the upper bound amdE as the market

expected future spot price we might hypothesis ttvavard prices have the following

dynamic:

IPD(t,T) = Min(UB, Max(LB, ME)). (4.5

Figure 4.1 is a pure theoretical example represgataf Equation 4.5: the forward
price of maturityT-t (i months for exemple), the red dotted curve, folldates market
expectation (the light blue curve) but remained pose between the upper and the
lower bound (the grey lines) themselves built atbtime unsmoothed appraisal based
index (the green curve) which is a function of #ygpraisal based index (the blue

curve).

[INSERT Figure 4.1 HERE]

In Equation 4.5, only if prices are outside the tihation band, arbitrage can be
achieved using physical properties or other vehicle case where many holders of
physical properties want to hedge themselves byga&ishort position via derivatives,
the property spread can become negative. This siralgels with the market
practitionners point of view; thénvestment Property Foruth (IPF) says“In the
property derivatives market, underlying indiceshsas those published by IPD are not
investable (or if an investor attempted to recreate IPD index it would take a
considerable length of time and cost). As a resulting is determined primarily by
investor expectations of returns [...] Investors sdaé aware that, in its short history,
the derivatives market in the UK has been more rateun forecasting market returns

than most market commentators and forecasters!”.

At this point, the true issue is to know how big tuctuation band is. Indeed,
bigger is the fluctuation band and more often mricell be driven by market
expectations. Under the realistic assumption thattsselling is impossible for direct

properties, the lower bound will be potentially rexistent and then the band will be

3 https://www.ipf.org.uk
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very significant and asymmetriéal It is difficult to determine the exhaustive listall
the parameters susceptible to impact the supemwodel of the trading window.
Moreover, for most of them, their precise impadndeterminable: we can only assess
their sign. The main parameters are the risk fege, the transaction cost (round trip
costs around 7.7%), the basis fiskand the liquidity risk (which could be associated
the basis risk). The basis risk will be mainly etpéd by the smoothing effect of the
transaction based index, by the transaction tirear¢h process could easily take six
months for transactions on real estate) and byoidiquidity in real estate. The basis
risk conducts to an imperfect hedge and then, ggisk, implies a higher spread (risk
premium). We can also underline some importantlprob which should spread out the
trading window by making the risk neutral portfolimore complex and then more
expensive to implement. Indeed, most swaps arévweli® the total return. The seller of
the swap has to pay this return every year butsedra rents every month or every
guarter: the seller has to again invest all thermediary cash flows at the real estate
yield. Moreover, the seller may have to sell a mdrhis property to pay the capital
growth. In fact, if we are a seller able to createal estate portfolio matching perfectly
the IPD index (which seems impossible), it is dfifficult to pay the real estate total
return. In the case where the seller uses othecheshio tradeoff derivative contracts,
we can hypothesis that the fluctuation band wilyst non negligible because of a

sharply rise of the risk basis.

The theoretical framework of the arbitrage theaynbt verified for property
derivatives. Syz (2008) claims that they must remvathin an arbitrage band, but given
the many imperfections in the housing market weeh@asons to believe that it is very
broad and probably unbalanced (see Drouhin et S{2@hlb)).

™ For a forward price lower than the fair value, weed to sell the underlying asset short in order to
hedge the derivative and then to tradeoff derieatiging direct properties. Therefore, for any sprea
under the fair value, there is no financial strénigt push up the spread and then achieve an etuilib

price (we should probably observe an asymmetrigatdation band around the unsmoothed index).

> The basis risk in finance is the risk associateth whperfect hedging. It could arise because of the
difference between the asset whose price is todugdd and the asset underlying the derivatives or

because of a mismatch between the expiration ddke@ontracts and the actual selling date obset.

Thése de doctorat 171|Page



Chapitre 4 : Forward curve risk factors analysithm UK real estate market

3. METHODOLOGY AND INTUITIONS

In this section, we introduce the methodology usednalyze property derivative
price dynamic using the IPD All Property Total Retgwaps. As swaps are essentially
a series of forward contracts pieced together gneleal upon up front, we analyze these
forwards rather that the swap directly. It would he possible to conduct the same
analysis on the swap directly. For each month ofdaiaset, we compute the implied
IPD forwards as defined by Drouhin and Simon (2Qlising the IPD swap quotes.
This method allows us to analyze the primary eldsmeha swap contract, rather than
the swap contract itself which is, to simply, nathimore that an average of these
elements. The strike variation of a forward is easb interpret (there is only one cash-
flow) than the fixed-quote of a swap relative tdfetient maturity cash-flows. Using
these forwards, we adopt a panel data approacinsindifference where observations
are repeated in the same cross section (typidadlydrward for different maturities) and
observed for several time periods. We use a lamggscsection (maturities from 1 to 60
months) from 2007-2010, rather than a long panehsags a small cross section
observed for many times periods. A major advantafyganel data is to increase
confidence in estimation. We provide more detdisud the methodology employed in
the first part of this section. The second partirsesf and motives the specifications

econometrically tested in Section 5.
3.1.First difference model

The IPD swaps in our database are quoted as a fatedover calendar year.
Using these quotes, we compute tR® forward curvefor each dateé, which reflects
the forward prices for the different maturities dadale. As forwards are the primary
elements of swaps, by identifying their risk fastoffrom December 2007 to

December 2015) we deduct those of the IPD swaps.

In our study, each IPD forwartPD(t,T), will be associated to an “individual”
(in reference to a panel model) according to itsunity. The maturity is defined as the
number of monthgbetween the datieand the maturity of the contradt, Therefore, we
have the individual one month=Q) maturity, the individual two month&@) maturity
and so on until 60i£€60). For each individual, we will have four obsarens, one in
2007, one in 2008, one in 2009, and one in 201hdXhe subscript, we can rewrite
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IPD(t,T) asIPD(t,i) i.e. as the IPD forward of maturitynonths at date
[INSERT Figure 4.2 HERE]

Figure 4.2 explains more precisely how the “indial¥ll one and ten
corresponding respectively to the forward of ma@yuone and ten months are recorded.
The first observation for the individual ten is daneFebruary 2007 (FEB 2007), ten
months before the expiration date of the IPD fodMaEC 2007 (December 2007). The
second observation is realized in February 2008(REO7), ten months before the
expiration date of the IPD forward DEC 2008 (Decemi2008). We get four
observations for each of our forwards of maturitgne for each year from 2007-2010.

Mathematically, each IPD forward of maturitgt date, IPD(t, i), can be defined

as:

i
IPD(t,i) = IPD; X exp {(Co,i + Xy i o X i+ o+ CnXnei + Egi) X E}' (4.6

wherec,; is a constant terng;; an error term/PD, the observed IPD montly at the
date t and exp the exponantial functionx; ...x,, are the unknown risk factors and
¢, ...c, the associated coefficieAts BecausdPD, is F,-measurable, it is possible to
compute at datewhat we define as the forward rakg,;. We obtain:

IPD(t,1)

K Xi/12 = Ln[ PD ] = (CO,i + i Xqpi + o F GXjgi o+ CnXpei st‘i) xi/12 (4.7)
t

By dividing the left and the right hand sidesil¥2, which corresponds to the maturity
expressed in number of years (maturity in numbenohths/12), we obtain the annual

implied forward rate:

Kii=Coi+ CiXqpi + o+ GXjpi + -+ CnXpei T+ Ei (4.9

Finally, we compute the first-differences estimatomeasures the association between

individual-specific one-period changes in regressord individual-specific one-period

®You can remark that if there is just one uniqs& factor relative to the risk free rate and nostant

term, we find back the well known future-spot riglatintroduced in any financial textbook.
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changes in the dependent variable. The first diffees estimator yields consistent
estimates ofc; in the fixed-effect model, though the coefficiertt time-invariant
regressors are not identified. Lagging the forwate of one period yields #4_;; =
a; + Xy + o+ Xyt CpXpyi + &i.@nd subtracting this fron,; conducts

to the first-differences model:
Kii — K1 = ¢ (Xqe — Xqp—q) + o0 + Gj (Xj,t - Xj,t—l) + o+ Cn(xn,t - Xn,t—l) +

(Et—1,i - Et—1,i) )

dKi; = ¢1(Xqt — Xqe-1) T+ G (Xj,t —Xje—1) + -+ cn(Xnt — Xn-1)
+ (8- 1 — E-1,0)s 4.9

wheredK, ; is the variation of the forward rate of matuiityetween the monthand the
previous forward rate of maturity available. By determining the variables that
impactdK,;, i.e., thex;, in first difference for which the; coefficients are significant,
we will be able to isolate the risk factors relatiw the IPD forwards and by extension
to the IPD swaps. These risk factors are varidaloles/hich a change involves a change

of the property derivatives.
3.2. Equation specifications

In our study, and according to subsection 2.3 ikedab the literature review, four
main specifications with various risk factors aestéd. The first one, Equation 4.10,
lays on the traditional theory of arbitrage or thex words on the ability to create a self

financing portfolio of real estate to trade of prdpelerivatives.

dK;; = Co + cpe(Rfg; — Rfe_q5) + & (4.10

This mechanism should imply a forward rate equah®risk free rate of the forward
maturity considered. Therefore, the first variableuded will beRf, ; , the risk free rate
at datet for the maturityi. However, some effects in the case where thetiadi
future-spot relation does not hold (see Secipror where the impact of the risk free
rate as the key parameter of a self financing plhotfoecome negligible relatively to
these effects might potentially involve a negatigkation. Its understanding lays on a
potential difference of efficiency in the sense Fdma (1970) between real estate

indices and property derivatives.
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The value of an asset is equal to the sum of igh-flaws generated and
discounted at appropriate rates. If real estateaggals were valued accordingly, prices
should be strongly related to the risk free ratewklver, Hartzell et al. (1987) show that
interest rates have surprisingly little impact be tap rates because appraisers seem to
place more faith in comparable sales than in tbein discounted cash flow (DCF)
analysis. In fact, they mainly use the capital@matappraisal method in which the
capitalization rate is computeda the comparable one. The direct consequence is that
new information (an increase/decrease of the isteae in our case) is progressively
and not instantaneously integrated in prices. Glayet al. (2001) analyze how
appraisers use the transaction price data availabtaem and show that appraisers,
exploit 6.86 comparable sales in average, to estirtfee overall capitalization rate
(used in the capitalization appraisal method). Eifethe number of comparable is
relatively small, the consequences should be Iomitehe average number of months
between the appraisal date and the comparablewakesot 13.68 months. It results in
the use of outdated information. The maximum lags&time observed in their sample
is higher than 25 months and raise up to 35 moiihs.out of date information used in
appraisals explains that new information will tékee to be reflected in prices and thus
that real estate indices are not efficient in treakvsense of Fama (1970). Moreover,
even if appraisers use current transaction pribese prices would not include current
information. Indeed, as real estate operations tiake, the capitalization rate observed
generally reflects a price defined few months beforherefore negative (positive)
variation of the interest rate could involves aifpos (negative) variation of the IPD
forward to reflect the current price informationtnimcluded in the IPD index.
Mathematically, this risk free rate influence cepends to its effect of.[IPD;] in
Equation 4.2. We may possibly also discuss a pealeability difference between
appraisers and market practitioners to incorportate the appraisals/prices the

information set relative to the dynamic of the riisde rate (strongly autocorrelated).

For the reason stated above and in subsectiow2.8l0 not exactly know if the
risk free rate has a negative or a positive impacthe forward prices. The end result
should depend of the relative size of each contrdhyence on the forward prices. The
first effect is relative to the difference (Equatiéril) between the observed forward
price logarithm and the “true” price of the IPD éx in logarithm (defined in
Equation 4.2) explained by the risk free rate.
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Ln[IPD(t, T)] — Ln[E,[IPDy] x e~ (fer+IPD(mer)x(T-0)] (4.12)

The second effect is relative to the differenceudmpn 4.12) between the IPD spot
logarithm (the observed one) and the “true” pricéhef IPD index in logarithm (priced

by the market thanks to the implied forward priegplained by the risk free rate.

Ln[E [IPD7] x e~(fer+IPDMen)X(T=0] — [n(IPDy) (4.12

In the case where effect 1 is higher than effeete2should observe a positive impact of
the risk free rate on the forward prices. On theti@y, if effect 2 is higher than effect 1
we should observe a negative impact of the risk fi#e on the forward prices. A
significant positive or negative value in Equatii2 would be very informative for
the market and contribute to the well known priggeavery function of future market.
In this condition, IPD forward would be a betteegictor (the information set included
in prices is broader) of the future IPD index thha IPD index himself. However, if
this was verified we should thought that other infative indicators could be
significant for property derivative prices becaubere are not or are differently

integrated to the underlying.

As stated in Section 2, Lizieri et al. (2010) expldhat a gap between the
theoretical quotes (the risk free rate) and theenkesl ones could be explained by the
predictability of the appraisal based index strgrglitocorrelated (see Equation 4.13).
If the smoothing effect was not taken into accobwptforward prices thengeteris
paribus prices would differ from their equilibrium valuesd thus offer abnormal
returns. To investigate this possibility, we use tlariable “AR,;” (Auto Regressiye
which is equal to the annualized forecast of the 1&g return between the quotation
date, date, and the contract maturity fhonth afterthe datet) using anAR(1) model”.
Adding this variable to the risk free rate, we defiEquation 4.13, the second

specification.

dK;; = Co+Crp X (Rfg; — Rfy—1;) + Cag X (ARy; — ARp_q;) + &4 (4.13

whereeg; . is an error term. According to the literature (Sstion 2), we expecte a

"In the literature it is commonly said that apprhisased index follow an AR(1) process. For more

details, refer to Langenbach (2009).
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positive sign for théR variable in first difference. The higher the fastreturn is, the
higher the forward rate should be (see Geltneigdtef (2007)). This amounts to try to
explain a potential positive or negative differemcd=quation 4.12 by the predictability

of the index.

In a third specification, we explore the occurrentéisseminated information in
forward prices relative to Real Estate InvestmentsT (REIT) market. As REITs are
tradable on the stock market, their prices resiutimm an observable mechanism of
supply and demand which efficiently incorporatesrenmformation than appraisal
based index. Consequences are notably a high degfrequidity and a low
autocorrelation of the returns (see Drouhin anddgirt2011b)). On this intuition we
thought about an adapted manner to integrate thental supplement of information
included in REITs relatively to the appraisal-bagatex. We retain a variable relative
to the premium/discount on their assets. This bégies computed using balance sheets
and the unadjusted prices of the 8 main REITs in kiKrkef®. Its relevance is
particularly strong due to the requirement for REtd use IFRS and then reassess (at
fair value) their own assets using real estateaapgrs. The corollary of this method is
that any premium denotes an assessment of theyequis market value higher than its
book value (in fair value) and therefore that mankeactitioner point of views are
different than the appraiser ones. This differenught partly explain why it is so
difficult to establish a link between real estatdax and REITs. However it could also
be explained by a divergence in term of price dyicabetween direct properties and
REITs often associated to the stock market (Mull &wknen (1997), Clayton and
MacKinnon (2001) and Benjamin et al. (2001)). Thi#edence of real estate pricing
or/and of information set between appraisers andkehapractitioners should be
reflected in IPD forwards contracts based on apptandex but traded by market

practitioners.

The premium variable could be considered as a wayetiect the impact of
market practitioner expectations in excess of gpgaser ones (the IPD index). If there
was no difference, forward prices would not be axm@d by our premium variable and
at the contrary if there is one, we expect a pessign related to its in first differences.
Indeed, if the forward rate reflects the marketestations the higher they are and the

8 More details will be provided in the next section.
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higher the forward rate should be to avoid abnormeturns (relative to the
predictability of the IPD index). Adding thdean_premiunvariable (corresponding to
the premium/discount observed) to the specificaliome get the specification 3 below

whereg; ; is an error term.

dK;; = Co+Crs X (th,i - th—l,i) + Cygr X (ARt,i - ARt—l,i) + Cup
X (Mean_Premium, — Mean_Premium;_,) + &;. (4.19

In a fourth specification, we include macroeconomweéciables to analyze their
impact on the forward price. One time again, theipacts should reflect different
pricing considerations between appraisers and rhamkectitioners and especially a
response time to a change in the information seenpaily shorter for market
practitioners. The variables aEeo g Eco_bandCPI in first difference.Eco_gand
Eco_bare dummy variables based on the unemploymenaraten the GDP growth. If
the economic context is positiviéco_gis equal to 1 and 0 otherwise. On the contrary,
if the economic context is ba&co bis equal to 1 and O otherwise. We expect a
positive sign folEco_gand a negative one f&co_b Indeed, if the forward rate reflects
the market expectations and if market practitiolerge a lower response time, a good
(a bad) economic context should implied a highelogger) forward rate. Concerning
the CPI which is the monthly year on year (YOY) inflatioate we expect in first
difference a positive coefficient. Indeed, reabéstis generally considered as strongly
correlated to inflation and then, the higher thdaiindn rate is the higher the real estate
expectation should be. More details will be giventhiese three variables in the next
section relative to the presentation of the dateyTcontrol also in our regressions for
the economic context. It let us develop a more ggnffamework than the one
including only dummy variables equal to 1 if theward year was 2007 (for example)

and 0 otherwise. The fourth specification is defias:

dK;¢ = Co+Crp X (Rfei — Rfe—1) + Car X (ARp; — AR_1;) + Cyp X
(Mean_Premium, — Mean_Premium;_,) + Cgy X (Ecog; — Ecoge_q) + Cgp X (4.19
(Ecopt — Ecop 1) + Cepy X (CPIy — CPl_q) + &

The four models presented here and other moddisatba mix of these one will
be assessed separately in the part relative tertig@rical results. However, in a first

time we will describe more precisely each variable.
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4. DATA AND VARIABLES

In this section we present our data set, the quaitdse UK IPD all property total
return swaps, their implied IPD forward curves ahé other necessary data and

exogenous variables.
4.1.1PD swaps

This data set is constituted by the quotes ofKelPD all property total returns
swap$® (the most actively traded) from the 31/12/2006He 31/12/2010. It is a daily
database but numerous daily data are missing. Swafiss database have a fixed
interest rate and the available maturities go fidetember 2007 to December 2015.
For more details about these quotes, the readeretars to Appendix 4.4. The quotes
attributed for each beginning of the month aretiedato the 18 working day. It
corresponds to the publication of the UK IPD mowtall property. If the IPD swaps
quotes are not available on thé"Morking day we will use the quotes just before. We
do not use linear interpolation because this kindpgroximation integrates information
not available on the day required. We use the guotdhe IPD swaps the days when
are published the index. Using these quotes andgkédree rate for which the maturity
are available on Datastream from one month to rttwae five years, we compute the
IPD forward at each date using the methodologyodiced by Drouhin and
Simon (2011a). In this way, we obtain the IPD fomvguotes (the strike) and the IPD
level (IPD spot) for each month of our study peridtie IPD Monthly and the IPD
Annual have been provided by the Investment PrgpBrdtabank (IPD) and are
available from Marsh 1986 to December 2010. Usingsé¢ results we are able to
construct the IPD forward curve of maturity five ayg from the 31/12/2006 to
the 31/12/2010.

4.2.Implied IPD forward curves and implied IPD forward rates

Because the swap maturities are relative to th®&dember of each year from
2007 to 2015, the maturities available for the 1eglIPD forwards are also relative to
the 31 December of each year from 2007 to 2015eBoh month of our sample (from
December 2006 until December 2010), using Drouhith &imon (2011a) methodology

" This data set has been provided by Iceberg Alteménvestment, a UK hedge fund.
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we are able to compute the forward price for tfta following maturities available. For
example, the December 31, 2007 we have the forwardsaturity one, two, three, four
and five years and the Jun 31, 2007 we have theafds of maturity six, 18, 30, 42
and 54 months. Thus we are able to compute ourgamdas variable, the implied
forward rates; they have been defined in Equati@rafd are computed as,

IPD(t,T)

_ "G ) (4.16

Their analysis is very informative. For example2008, the worse the crisis is and the
higher the backwardati8h become. Indeed, the 12 months IPD forward was 16%
below the IPD spot; at this date, the IPD forwaeddme positive only for the maturity
higher than 48 months. The stronger backwardatigpears at the end of
February 2009: the fixed-quote of the IPD swap aiturity eight months was equal
t0 -20.9%. The forward rates seem reflect the ecimooontext (contandd or
backward situation) and forecast the IPD index. irore details about the statistical

characteristic of the real estate forward curverred Drouhin and Simon (2011b).
4.3.Other data and exogenous variables

In the previous section, we have presented theftiPDard rate, the endogenous
variable of our analysis. We now introduce our etagus variables which are thek
free rate theforecastvariable, themean-premiumand some other variables relative to

the economic context.

The risk free rateRy;, variable, is associated to the rate relative ® tK
Government Liabilities of maturities These rates are collected faqual to one to 60
months in Datastrearitheforecastvariable AR, ; represents the annualized forecast of

the IPD return (in logarithm) at datéor the maturityi using the historical IPD monthly

8 Backwardation refers to the market condition wherikie price of a forward of futures contract is
trading below the present spot price. The resulingres of forward curve would typically be dowmda

sloping (i.e. “inverted”), since contracts for faet dates would typically trade at even lower wice

81 Contango refers to the market condition whereinpihice of a forward or futures contract is trading
above the present spot price. The resulting futofeferward curve would typically be upward sloping

(i.e. “normal”) since contracts for further datesuld typically trade at even higher prices.
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log return and aAR(1)process (different for each daj&.

The mean premium of the REIT (varialtfeean_premiumis computed using the
balance sheets and the unadjusted prices of BidoweGroup Plc, British land
company Plc, Derwent London Plc, Great Portlan@téstPlc, Hammerson Plc, Land
Securities Group Plc, SEGRO PIc and Shaftesbury P&ta relative to the balance
sheet come frol$NL dataand the unadjusted price frdbatastream Using these data
we compute the variabl®ean_premiumcorresponding to the market-to-book-value

minus on&3,

The variablesEco_g and Eco_b are dummy variables representative of the

8 We compute this variable with a moving sample wimduf 6 years prior each month Using this
window and an AR(1) process, we forecast the IRPpr&gurn for every of the 60 months following the
montht. One time these forecasts computed for the mpntk sum the first monthlyforecasts to obtain
the predictable IPD log return between the mdrahd the montlt+i. Next we divide this return by the
number of year betwedrandt+i to get the annualized forecast variable, i.e.,ARg variable. We also
tried to evaluate aARMA(p,q)process at each moritho compute our forecast, but the results were not
significantly different on our risk factor analysjsandqg were determined for each mortthTo define
their value, we computed for each month (usingiatofical past return of 6 years) all the modelthwi
andq superior or equal to 0 and inferior or equal t&6r(onths) and we retained those who minimized
the Schwarz Information Criterion (SC). The modfes which the conditions of invertibility of the
polynomial lag operator were not verified for th& Aomponent as for the MA component were not

taken into account. We also used the Akaike InfdionaCriterion (AIC) butp andg were more volatile.

8 The mean premium variable is computed using theviing relation

8 EquityAtMarketValue; ¢

. 1
Mean_premium; = =};; — —
8 <) RealEstateAssets;j ¢ +OtherNonCurrentAssets; ¢+ TotalCurrentAssets; ¢ —TotalLiabilities; ¢

where EquityAtMarket value;,, RealEstateAssets;, TotalCurrentAssets;,, TotalLiabilities;,
andOtherNonCurrentAsset;, are respectively the equity at market value, &# estate assets, the total
current assets, the total liabilities and the otiem-current asset of the REIT j at date t. Astibek value

of the real estate assets are available only ounasteyly or biannual basis we realize an updatthef
these assets using the IPD real estate return bettvand the previous balance sheet available fate
the previous balance sheet statement, t-x). Thésinagtion, lays on the supposition that the REITs

considered are perfectly diversified and withovelaged investment in joint venture. We get:

Mean_premium; =

1 o8 EquityAtMarketValueg
g <=1 RealEstateAsset;_x X (1+IPDTotalReturn(;_y t))+OtherNonCurrentAsset+TotalCurrentAsset; —TotalLiabilities¢_x

1.
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economic context. If the economic context is com®d as gooéco_gis equal to one
and zero otherwise. At the contrary if the econocaiotext is considered as bado_b

is equal to one and zero otherwise. We decide ® thgse variables to avoid
multicolinearity in our econometric analysis. Indedhe different macroeconomic
variables are strongly related the one to the ethEhese variables are based on the
unemployment rate and on the growth of the GEEo_gis equal to one when the
unemployment rate is below its first quintile ame& teconomic growth is higher to its
fourth quintile and zero otherwisEco_bis equal to one when the unemployment rate
is above its fourth quintile and the economic giowtlower to its first quintile and zero
otherwise. The construction of these two varialue=ates a reference class for our

econometric models in which the economic contereither good nor bad.

Table 4.1 summarizes the main information relativéhe data employed in this

paper to generate thi, AR, Mean_premiumEco_g Eco_bandCPlI variables.

[INSERT Table 4.1 HERE]

4.4.Descriptive statistics

In this subsection, Table 4.2 provides some gerstadilstics relative to the data
and variables used in our study. We have four yebdata and then 48 occurrences on
a monthly basis (from January 2007 until Decemb@&020These 48 months represent a
total of 240 forward prices (48 months for fivevi@rd maturities) or 180 observations
in first difference with a maturity comprise betwieene and 60 months. To provide
general statistic as the average or the standasdtaben and because we have only four
observations for each forward maturity we used taonisforward maturity contract
of one, three and five ye&fsFurthermore, because we have as many as forgdast
variables that of maturities (60) we made the ahoacprovide general statistic only for
the one and five year annualized forecast varialdiBs;», andAR o).

8 We rearranged the data to obtain time series withstant maturity forward. Using linear
approximation we compute the IPD forward of magurimonths for each monthof our dataset. The
complete evolution of the forward term structureoas time for the maturities from 1 to 60 months is

presented in Appendix 4.1.
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[INSERT Table 4.2 HERE]

One interesting thing to remark on is thepriori negative relation between the
forward rate contract maturities and the standaxdgatien. Indeed, this meets the well
known Samuelson effect observed for forward cotdgragth other underlying assets
(see Lautier et Raynaud (2011)). The minimum angimam values are explained by
the IPD process, strongly autocorrellated (the AR¢befficient can rise to 0.8)

associated to a highly volatile real estate maokebur study period.

We examine scatter plots dk, the endogenous variable, and each of the linear
exogenous variables to look for any abnormal dataur sample. The data relative to
id®° 122 seems to be very particular. Therefore, toetstend the general dynamic of
the forward curve we decide after further investagges to delete this observation
relative to a 6 months maturity forward rate. Toiservation could bias the parameters.
Observationsd 182 and 181 seem also slightly different from tlileer observations.
For this reason we do the regressions of the egapiresults section with and without
them. However, as the results are not differenaingigss of whether we make the
choice to keep these two occurrences. Graphically,observe a positive relation
betweendk and dAR , dk and dmean_premiunmand dk and dUnemploymentAt the
contrary, we observe a negative relation betwtesenddRf_i dk anddGDP anddk and
dCPI. For details about the correlation of the variahileed in our analysis, the reader

can refer to Appendix 4.2.

[INSERT Figure 4.3 HERE]

5. EMPIRICAL RESULTS

In this section we estimate the equations preseimethe methodology and
intuitions section. In order to deepen our resuhisy are assessed on the full sample
and also on different time periods. Furthermorethasforward curves do not exhibit

8 Theid variable is the identification key of each obséinma
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exactly the same pattern according to the mataritie also analyze their fluctuations

for different group of forward maturities. All thables here present the first differences
estimators. They measure the association betwewmrd-specific one-period changes
in regressors and individual-specific one-periodrnges in the dependent variable. This
conducts to analyze the dynamics of the forward dach maturity across time.

Moreover, first difference estimators are consisteren if the true model is one with

fixed effects. Several test of consistency sumnedrin appendix have been conducted
on our results. All these tests let us think that cesults are not biased in the full

specification (including all the exogenous variahl&he latter has no omitted variable
(Appendix 4.5) or multicolinearity (Appendix 4.7n order to be sure that our results
do not come from individual observation but frongeneral pattern, we analyze the
impact of each observation on the parameters (Agipeh6). Thereby, we are sure that
our results do not come from particular data. Beeadiata on the property derivative
market are limited, we bound the number of variglite conserve a high degree of

freedom.
5.1. Analysis of the traditional future-spot relationship

In Table 4.3, we estimate the first specificati@guation 4.10, relative to the
impact of the risk free rate on the implied forwaatkes. The estimations are realized in
regression 1 on all the maturities together andhénregression 2 to 5, we are running

the model on different maturities independently.

[INSERT Table 4.3 HERE]

The relation between the variation of the impliedafard rate and the variation of
the risk free rate is negative and significant et 3% (regression 1 and 2) and 10%
(regression 3, 4 and 5) level of confidence whatethe maturity consider&d All
results show that the traditional relation presgniefinancial textbooks does not hold
for property derivatives. Indeed, there is no pesiand significant relation between the

strike of the forwards and the risk free rate obsérfor the different maturities.

¥ There is one observation missing in the regresgibacause of the dropped datal22. However, the

inclusion of this forward rate does not changerésailts.
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However, this conclusion is probably a little hastye cannot reject such mechanism
without more evidence. Indeed, we have potentiallyuperposition of effects with a
negative end results as describe in subsectiorHd®&ever, this is an argument in favor
of Equation 4.1i.e., of forward prices as a more efficient real estatieicle in the sense
of Fama (1970) (the information set included incesi is broader). Indeed, they are
potentially restoring to interest rate its legitbmglace in real estate prices; Hartzell et
al. (1987) show that interest rates have surprigitigle impact on appraisal-based
index because appraisers have more faith in padttesrs are paying rather in their own
DCF analysis. This negative relation could alsovle of a different perception of the
impact of the interest rate changes between agpsasnd market practitioners. It is
also important to remark that the negative effectobees lower when the maturity
increases. This could be justified by an increasthefpositive effect or a decrease of
the negative one or both. On the one hand, if #gative relation is explained by an
integration of current information into price, it ilegitimate to think that this
information has a decreasing impact when the ntgtincreases; on the other hand,
Lizieri et al. (2010) explain that tradeoffs aresiea for the longest maturities (notably
because of the transaction cost) and then judidgyfact that the positive effect would
increase with maturity. Regarding the R-squaredTable 4.3, they range from
around 7% to 10%.

To ensure the negative relation between the imptesard rate and the risk free
rate observed in our sample, we reassess in Tabkh& same relation but for different
sub periods. This raises the issue of the stalwfitye relation across time. Even if our
sample lays on a relatively short period of study ave enough data to divide our
sample into two sub-samples constituted of daftashdifference. Therefore, we have a
first sample defined as the first differences froii31/2008 to the 06/31/2009 and a
second one defined as the first differences fro302009 to the 12/31/2010.

[INSERT Table 4.4 HERE]

The results of Table 4.4 are more significant ti@nTable 4.3. The relation
between the implied forward rate and the risk fraée is always negative and
significant at the 1% level of confidence. Thessuhes display a likely high interest for
property derivatives as an informative indicatom#teathe well known price discovery
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function of future market. However, we have to ioy® our analysis on this potentially
highly interesting function in market sufferingatevere lack of information.

5.2.Establishment of a more general framework

Table 4.5 exhibits different specifications of etjas 4.13, 4.14 and 4.15 which
integrate an IPD forecast (based on its autocaelarocess), the mean discount or
premium observed on the UK REIT market, the econsencontext and the inflation

rate.

[INSERT Table 4.5 HERE]

As for the Specification 1, the relation between\tagation of the forward curve
(dk) and the variation of the interest rate is negatnd significant at the 1% level of
confidence. Thé&R variable reflecting the predictable returns of ginelerlying using an
AR(1) process is always positive and significanth&t 1% level of confidence. This is
conforms to what we expected in Section 2; forwanides reflect the smoothed effect
of appraisal-based index and thus avoid abnorntain® For this reason, property
derivatives could constitute an interesting unsmedtindicator of real estate prices.
Lizieri, Marcato, Ogden, et Baum (2010) explaintthagap between the theoretical
quotes (the risk free rate) and the observed quotadd be explains by the
predictability of the appraisal based index strgnglutocorrelated. As the ones of
Edelstein et Quan (2006), Hansz et Diaz 11l (20&dd Barkham et Geltner (1995) for
example, the forward prices could be an alternatie¢hodology to unsmooth appraisal

based indices.

The variable relative to the premium/discount obséron the asset of the UK
REITs @Mean_premiunhas a positive and highly significance impacttio& implied
forward rates. It reflects the impact of marketgtiteoner's expectations in excess of
the appraiser ones (the IPD index). If there wasdifference, forward prices would not
be explained by our premium variable. However, las impact is positive and
significant we should think that market informatiot lagged as the one include in the
appraisal-based index, is incorporated in forwaidegrand thus that derivative prices
are more efficient than their underlying assetlfitddarket practitioners potentially

respond quicker to a change in the informationtkah appraisers. Forward prices
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reflect the market expectations relative to appragxpectations, the higher they are and
the higher prices should be to avoid abnormal nstysee Equation 4.1). The economic
variables,Eco_gandEco_h which should be associated to the economic conseg
not, except for theeco b variable in regressions (3) and (4), significanttla five
percent level of confidence. However, all theirnsigconform to what we expect;
positive for theEco_gvariable representative of a good economic cordegtnegative
for the Eco_bvariable representative of a bad economic contéatconclusion can be
drawn from the CPI variable which is not significa@ontrary to Table 4.3 and
Table 4.4 where the maximum observed R-squaredegasl to 22.7%, the one of
Table 4.5 rises up to 71.6%. Therefore, we areaamiplg around 70% of the implied
forward rate fluctuations using Equation 4.15. Dinéy inclusion of the AR variable on
the full sample increased the R-squared of 54.48n(B.2% to 62.6%).

To extend the consistency of the results whatelvernaturity considered, we
complete our investigation; all the equations obl€a4.5 are reassessed for different
maturities in Table 4.6. Overall, the impact of lea@riable is similar whatever the
sample considered and the conclusions are the S@men Table 4%. However, it is
interesting to remark that the values of e and Mean_premiuncoefficients are a
strictly decreasing function of the maturity. Thigakes sense, as these variables are
relatives to the predictability part of the IPDuets and obviously, this part should be a
decreasing function of the maturity. We have alsseased all the regressions of Table
4.3 using different sub-sample (see Appendix 4.3) thet results are the same than

introduced previously.

[INSERT Table 4.6 HERE]

8 The risk free rate is always negative and significéhe forecast variable, the mean premium vagiabl
are always positive and significant whatever theuniiies considered. Considering, the Eco_g and Bco
variable they have a sign constantly conform totwima expected but their impact is only significémt
the Eco_good variable for the maturities highentBd months. As in table 3, in table 4, the rigefrate
is negative and very significant unless for the uriies lower than 24 months. The variallAR is
always positive and significant at the 1% levetoffidence. The mean premium which is used toctfle

the market expectation is always positive and ficanit at the 1% level of confidence.
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6. CONCLUSION

This paper investigates on property derivatives @nwle especially on the IPD
All Property Total Return Swaps using a four yedasabase in the UK market. By
stripping these IPD swaps into their primary congus, the forwards, we examine
their price dynamics using a panel model with @usty. The tested models explain
more than 70% of their variability, the number ofiables has been limited in order to
avoid multicollinearity and keep a high degreereetlom. The coefficients are stable,
whatever the model or the sub-sample used. We thatl implied IPD forwards are
negatively related to the risk free rate. Desgtedontradictory aspect of this relation at
first, we think that it is consistent with the thgor

Forward prices seem at the contrary of appraissd¢dhandex to better reflect the
current information and then avoid noise and ldgaefin which the risk free rate is
probably an important factor. This improvementenm of market efficiency can also
be observed in their ability to integrate the motaaneffect (using an AR(1) process)
or to reflect the REIT dynamic. Property derivaivean be quite revealing and
interesting as an indicator of what is happenintgpe@property market, more rapidly and
precisely than is revealed by contemporary rettorthe index itself. Even though the
index on which the swap is based is lagged, thegdhan the swap price can reflect
contemporaneous changes in the underlying propeatket without a lag. Drouhin et
Simon (2011) confirm that IPD forward prices aredgctors of the IPD index.

By integrating a broader information set, forwapiges are potentially a more
accurate estimator of real estate prices than tveir underlying asset, the IPD index.
This mechanism known as the price discovery functad forward contracts is
particularly relevant for real estate where the ketrs suffering from a severe lack of
transparency. These results are consistent witlmtmiet practitioner intuitions and to
the theory developed by Geltner and Fisher (200d)lazieri et al. (2010). If property
derivatives could be particularly useful for hedpor real estate exposure, an increase
of the trading volume of the future contract coaldo lead to disseminate information

in the cash property market.

Thése de doctorat 188 |Page



Chapitre 4 : Forward curve risk factors analysithiem UK real estate market

APPENDIX
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Appendix 4.1 Implied IPD forward rates for the maturities frdi to 60 months
(December 2006-December 2010)

The dataset used here is relative to the quotéiseotUK IPD all property total return swaps strippeth IPD
forwards (see Drouhin and Simon (2011a)) and pexVitdy Iceberg Alternative Investment. Because the
delivery dates in the property derivative market aways based on the IPD level on December 3dumiimg
an analysis using constant maturitiesg( there are not forwards of maturity June 30) igadssible.
Consequently, to observe these forward pricesragtaot maturities, we compute the IPD forward ofurity i-

month for each month using a linear approximatietween two available maturities.

The following figure represents the evolution of florward price (at constant maturity) for differenaturities
from December 2006 to December 2010.
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Appendix 4.2 Exogenous variables, correlation matrix

The risk free rateRf, is approximated by the rates on the UK Governmgabilities provided by
Datastream TheAR variable is a forecast of the annualized IPD ktgm using an AR(1) process and the
monthly UK IPD All Property Total Return index piided by Investment Property DatabanKhe
Mean_Premiunvariable corresponds to the average premium obdermethe eight main REITs of the
UK market; data relative to the balance sheets cémora SNL dataand the unadjusted prices from
Datastream CPlI, is the Consumer Price Index (excluding energyfand) provided byDatastream The
variablesEco_gandEco_bare dummy variables representative of the econamitext.Eco_gis equal

to one when the unemployment rate (seasonally edjuend provided bpatastrean) is below its first
quintile and the economic growth (seasonally adpisind provided bipatastrean) is higher to its fourth
quintile and zero otherwis&co_bis equal to one when the unemployment rate is alisvfourth quintile
and the economic growth is lower to its first qitand zero otherwise. The sample runs from

December 2006 to December 2010 at monthly frequency

Variables Rf AR Mean_premium  CPI Eco g Eco b
Rf 1

AR 0.0731 1

Mean_premium 0.004 0.5617 1

CPI -0.3812 -0.1804 -0.2133 1

Eco_g 0.7652 0.3283 0.2241 -0.6725 1

Eco b -0.722 0.1214 0.2084 0.2528 -0.6 1
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Appendix 4.3:All models on different sub-periods

In this table, we use a first difference approachrialyze the IPD forward rates. The sample gaes Pecember 2006 to December 2010 at morftelyuency. For columi

(1) to (10), the specifications and the sampleguechange. The full specification (column (4) a8y (s:
dKi = Co + Ci¢ X dRfi; + Cag X dAR; + Cyp X dMean_Premium; + Cgg X dEco_g; + Cgp, X dEco_b¢ + Cepy X dCPI; + &,

whereC, s, Cyr, Cup, Crg, Cgp, andCep; are the coefficients to estimat®, a constant term, angl; an error term. The letteérassociated with each variable refers to its \
in first difference.K; ; is the forward rate at datefor the maturityt+i months(with i from one to 60), defined in Equation 4ahd computed using the IPD swap qu
provided bylceberg Alternative InvestmerRf; is the risk free rate of maturityi monthsat datet; it is approximated for the different maturitieg the rates on th&/K
Government Liabilities provided HyatastreamAR; is a forecast variable of the annualized IPD Idgmrebetween the dateandt+i months it is computed using an AR|
process and the monthly UK IPD All Property Totadt&n index provided bynvestment Property Databankhe Mean_Premiunvariable corresponds to the aver
premium observed on the eight main REITs of the td#rket; data relative to the balance sheets cooma 8NL dataand the unadjusted prices frdbatastream The
variablesEco_gandEco_bare dummy variables representative of the econamitext.Eco_gis equal to one when the UK unemployment rate (sedly adjusted ar
provided byDatastreany is below its first quintile and the UK economimgth (seasonally adjusted and provideddatastrean) is higher than its fourth quintile, and z
otherwise Eco_bis equal to one when the UK unemployment ratdava its fourth quintile and the UK economic growgHower than its first quintile, and zeotherwise
Finally, CPI, the Consumer Price Index (excluding energy and)fds provided byatastream
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(1) (2) 3) 4) (5) (6) (7 (8) 9) (10)
VARIABLES dk dk dk dk dk dk dk dk dk dk
dRf; -2.614*** -0.907 -0.486 -0.389 -3.695*** -2.760*** -2.763*** -2.749**
(0.453) (0.661) (0.612) (0.642) (0.677) (0.682) (0.691) (1.134)
dAR 0.119*+* 0.134*+* 0.112%** 0.110*** 0.103*** 0.441*** 0.352*** 0.342%** 0.343*** 0.374***
(0.0248) (0.0224) (0.0241) (0.0258) (0.0212) (0.0442) (0.0444) (0.0430) (0.0500) (0.0501)
dMean_premium 0.159*** 0.174%+* 0.163** 0.171%** 0.175%** 0.210*** 0.209** 0.136*
(0.0349) (0.0504) (0.0641) (0.0551) (0.0394) (0.0552) (0.0793) (0.0777)
dEco_g 0.0111 0.00362 0.00413
(0.0185) (0.0273) (0.0189)
dEco_b 0.0126 0.0131 0.0130 -0.0245 -0.0244 -0.0160
(0.0101) (0.0107) (0.00996) (0.0209) (0.0214) (0.0209)
dCPI -0.477 -0.595 -0.0384 -4.672%*
(1.155) (0.949) (1.932) (1.391)
Constant -0.0677** -0.0148 -0.0161 -0.0126 -0.00275 -0.0484** -0.0460*+* -0.0301** -0.0299 0.00401
(0.00944) (0.0149) (0.0148) (0.0144) (0.00782) (0.0115) (0.0114) (0.0140) (0.0197) (0.0111)
R-squared 0.227 0.375 0.380 0.381 0.407 0.746 0.780 0.785 0.785 0.762
Observations 95 95 95 95 95 84 84 84 84 84
Maturity in months [1;60] [1;60] [1;60] [1;60] [1;60] [1;60] [1;60] [1;60] [1;60] [1;60]

Sub-period in 1st

dif.

[01/31/08;06/31/09] [01/31/08;06/31/09] [01/31/08;06/31/09] [01/31/08;06/31/09] [01/31/08;06/31/09]

106/31/09;12/31/10]

106/31/09;12/31/10]

106/31/09;12/31/10]

106/31/09;12/31/10]

106/31/09;12/31/10]

Robust standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1
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Appendix 4.4:Descriptive statistics relative to quotes on B kwaps

This table displays the main statistics relativehe quotes (the fixed-rate) of the IPD swaps friéqamuary 2007 to December 2010. They are

computed by year and maturity. The data used ntdtile are provided dgeberg Alternative Investment

Fixed rate in 2007

Fixed rate in 2008

Maturity Nb of obs Average St.Dev Skewness Kurtosis* Nb of obs Average St. Dev Skewness Kurtosis*
DEC 2007 75 3.76% 2.42% -1.46 1.43 - - - - -
DEC 2008 75 1.03% 3.89% -0.96 0.31 177 -14.48% 3.17% -0.39 -1.27
DEC 2009 75 2.12% 2.69% -0.78 0.26 177 -10.31% 5.04% -0.53 -1.22
DEC 2010 75 3.04% 2.08% -0.55 -0.30 177 -558%  4.11% -0.81 -0.82
DEC 2011 75 3.50% 1.70% -0.14 -1.21 170 -2.18% 3.05% -0.65 -1.08
DEC 2012 75 4.46% 1.35% -0.53 -0.73 176 -0.11% 2.34% -0.87 -0.77
DEC 2013 - - - - - 61 -0.91% 1.64% 0.72 -0.64
DEC 2014 - - - - - - - - - -
DEC 2015 - - - - - - - - - -
Fixed rate in 2009 Fixed rate in 2010

Maturity Nb of obs Average St.Dev Skewness Kurtosis* Nb of obs Average St. Dev Skewness Kurtosis*
DEC 2007 - - - - - - - - - -
DEC 2008 - - - - - - - - - -
DEC 2009 162 -11.21%  7.19% 0.46 -1.29 - - - - -
DEC 2010 171 -2.73% 5.95% -0.11 -1.09 69 9.68% 2.79% -0.29 -1.30
DEC 2011 176 1.28% 4.03% -0.65 -0.14 69 7.27% 1.29% -0.03 -1.44
DEC 2012 175 3.28% 3.20% -1.10 0.97 69 6.60% 0.94% -0.36 -0.74
DEC 2013 176 4.44% 2.70% -1.35 1.74 69 6.43% 0.83% -0.55 -0.50
DEC 2014 173 5.11% 2.14% -1.61 2.69 69 6.35% 0.82% -0.93 0.48
DEC 2015 162 5.68% 1.50% -0.65 -1.36 69 5.92% 1.42% -0.64 -1.62

* Kurtosis in excess
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Appendix 4.5:Test of specification

A model specification error can occur when one orarelevant variables are omitted from the modedre or
more irrelevant variables are included in the moteklevant variables are omitted from the modet common
variance they share with included variables maywbengly attributed to those variables, and the reteom is
inflated. On the other hand, if irrelevant variabéee included in the model, the common varianeg hare with
included variables may be wrongly attributed tontheModel specification errors can substantiallyeeffthe

estimate of regression coefficients.

For these reasons we perform a regression spdificarror test (RESET) in which the null hypotte®s “the
specification is correct”. The table below displdlye p-value of all the specification estimatedettion 5 and in
Appendix 6.

For a significant part of the models assessed jeetrthe null hypothesis. However, for most of dmes including

all variables we did not. Therefore, we can consibat our model is well specified.

Table 4.3, Table 4.4, Table 4.5, Table 4.6 and Adpe4.3:specification test summary

Table 4.3:
Equation Q) 2 3) 4) (5)
p-value 0.055 0.001 0.159 0.000 0.000

Table 4.4: Implied forward rate and risk free ratedifferentsub-periods
Equation 1) (2

p-value 0.051 0.596

Table 4.5: All models estimated using the full sémp
Equation (1) 2 3) 4) (5)
p-value 0.000 0.057 0.539 0.602 0.046

Table 4.6: All models by maturities
Equation 1) (2 3) 4) 5) (6) (7 ® ©) (10)
p-value 0.000 0.002 0.086 0.071 0.061 0.000 0.007 0.126 300.1 0.063
Table 4.6: (continued)
Equation (€] 2 (©) 4 ®) (6) ) (©)) ) (10)
p-value 0.000 0.000 0.056 0.051 0.011 0.001 0.000 0.007 0%0.0 0.009
Appendix 4.3: All models on different sub-periods

Equation 1) (2 3) 4) 5) (6) (7 ® ©) (10)
p-value 0.148 0.747 0.483 0.342 0.447 0.000 0.000 0.000 000.0 0.000
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Appendix 4.6:nfluence of specific observations

Here we consider specific measures of influencé dsaess how each coefficient is changed by dglekie
observation. This measure is calBBEBETAand is createébr each of the predictors. The names for the

variables created have been choseStajaautomatically and begin with the letté@&beta

The value of th®Fbeta_[name variablg] means that by including th@dme variable”of maturityi for datet
in the analysis (as compared to being excluded)neeease oDFbeta_[name variablg] times the standa

error of thelname variable]coefficient.

In the figures below, we plot thBFBeta value of each variable against the maturity for tables an
specification models introduced in Section 5 andppendix 4.3. ADFbetavalue in excess &/sqrt(n) merits
further investigation. For this reason we represart2/sqrt(n) ; 2/sqrt(n) Jinterval in each figure presen
above. All models have been reassessed withoutlate for which theDFbeta [name variablejvalue it

outside the interval. However, their exclusion doesaffect significantly our conclusions.

There is no observation with a too important impawtthe different coefficients; our results do netiec

particular observation but a general pattern ofoheard curve changes.
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Table 4.31mplied forward rates by maturity and risk fregte
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Table 4.41mplied forward rate and risk free rate on differeub-periods
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Table 4.5:All models estimated using the full sample
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Table 4.6:All models by maturities

Due to the high numbe¢of models assessed in Table 6 we did not grdpth@lresultsHere are dplayet

only theDfbetaanalysisrelative to the full specification including ditle variables
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Appendix 4.3: All models on different sub-periods

Due to the high number of models assessed in Appénde did not graph all the results. Here are

displayed only th®fbetaanalysis relative to the full specification incing all the variables.
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Appendix 4.7 Test of multicollinearity*

In the absence of collinearity, the eigenvaluesidd@mn indices and condition number will all equale. As
collinearity increases, eigenvalues will be botbager and smaller than 1, and the condition indaes the
condition number will increase. An informal rule ahumb is that if the condition number is 15,
multicollinearity is a concern; if it is greateratin 30 multicollinearity is a very serious concérhe table below
displays the condition numbers for all models ass#sn Section 5 and in Appendix 4.3. Since theditimm
number is always lower than ten we do not haveraagon to suspect multicollinearity. Moreover, agai
the models tested, we do not observe any impostaifitconsecutive to a slightly different specifica (using

the same data). This confirms the fact of no molliicearity.

Table 4.3, Table 4.4, Table 4.5, Table 4.6 and Adpe4.3: multicollinearity test summary

Table 4.3:
Equation (1) 2) (3) 4) (5)
Condition number - - - - -
Table 4.4Implied forward rate and risk free rate on diéierSUb-periods
Equation 1) &)
Condition number - -
Table 4.5: All models estimated using the full sémp

Equation 1) () 3) 4) (5)
Condition number 3.46 398 522 694 5.87
Table 4.6: All models by maturities
Equation @ 2 ©) 4 ®) (6) 7 ® 9 0
Condition number 3.52 4.18 6.21 7.09 6.47 4.31 6.27 8.06 8.66 7.99
Table 4.6: (continued)
Equation 1) ) 3) 4) 5) (6) Q) ® © (0
Condition number 4.48 571 8.06 9.42 8.07 412 460 736 912 7.97
Appendix 4.3: All models on different sub-periods
Equation @ 2 ©) 4 ®) (6) 7 ® 9 0
Condition number 5.25 7.19 8.76 9.18 8.44 5.10 5.77 6.88 8.54 6.40

*The primary concern is that when the degree ofinullinearity increases, the regression model ety of
the coefficients become unstable and the standasdsdor the coefficients can get greatly inflated
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Table 4.1:General data summary

In this table, we describe the data used to geménatendogenous and the exogenous variables.

. . Data
Variables Details base/contributor Data type
IPD Monthly UK All property total returns IPD Monthly
Interest rates UK government liabilities spot curve Datastream Daily
: . CPI-Excluding energy & food (%Year On
UK inflation rate Year (%YOY), historical series). Datastream Monthly
lr.:lalfeunemployment Seasonally adjusted, historical series Datastream Monthly
0 . .
UK GDP /9YOY, constant prices, seasonally adjustec Datastream Quarterly
historical series
Relative to the Big Yellow Group Plc, British
Land Company PlIc, Derwen London Plc, Gr Quarterly
sRhIiIgS (Balance Portland Estates Plc, Hammerson Plc, Land  Snl Data or
Securities Group Plc, SEGRO Plc, Shaftesb biannual
Plc
Relative to the Big Yellow Group PIc, British
Land Company PIc, Derwen London Plc, Gr
REITs Quotes Portland Estates Plc, Hammerson Plc, Land Datastream Daily

Securities Group Plc, SEGRO Plc, Shaftesb
Plc
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Table 4.2:Descriptive statistics

This table shows statistics relative to the dath \ariables used in our study. The sample runs fd@oember
2006 to December 2010 at monthly frequency (49 me)ni; , refers to the forward rate at constant maturity of
x months (withx equal to 12, 36, and 60) computed via the IPD spriges provided byceberg Alternative
Investment AR« is a forecast variable of the annualized IPD letum between the dateand the date
t+x months(with x equal to 12 and 60); it is computed usamgAR(1) process and the monthly UK IPD All
Property Total Return index (variableD Monthly) provided bylnvestment Property Databankf (with x
equal to 12 or 60) is the UK Government Liabilitie§ maturities x months provided by Datastream
Mean_Premiuntorresponds to the average premium observed oeidie main REITs of the UK market; data
relative to the balance sheets come fr8NL dataand the unadjusted prices frdbatastream GDP, the UK
GDP growth rate (seasonally adjustedpemploymentthe UK unemployment rate (seasonally adjusted) and
CPI, the Consumer Price Index (excluding energy and)fd@ve been provided by Datastream. The variables
Eco_gandEco_bare dummy variables representative of the econamitext.Eco_gis equal to one when the
UK unemployment rate is below its first quintiledathe UK economic growth is higher than its fougthntile

and zero otherwisdzco_bis equal to one when the UK unemployment ratebsva its fourth quintile and the

UK economic growth is lower than its first quintd@d zero otherwise.

Mean  Median St.dev Min Max Skewness Kurtosist NE’-
IPD Monthly -0.18% 0.63% 2.08% -5.42% 5.03% -0.41 0.59 49
Kt,12 -1.17% 0.73% 8.40% -17.94% 13.17% -0.27 -1.04 49
Kt,36 3.18% 3.18% 3.34% -3.17% 9.61% 0.05 -0.71 49
Kt,60 4.91% 5.09% 2.19% 1.43% 9.85% 0.18 -0.63 49
Rft,12 2.82% 1.60% 2.19% 0.59% 5.76% 0.14 -1.94 49
Rft,60 3.67% 3.22% 1.17% 1.83% 5.59% 0.08 -1.52 49
ARt,12 2.64% 6.00% 17.42%  -57.63% 34.91% -2.32 7.38 49
ARt,60 5.67% 5.86% 7.83% -14.67% 16.34% -1.17 1.57 49
Mean_Premium -4.82% -5.34% 14.65% -30.26% 35.37% 0.53 0.09 49
Unemployment 6.56% 6.50% 1.16% 5.00% 8.00% -0.04 -1.87 49
UK GDP -0.24% 1.25% 1.78% -5.90% 2.91% -0.01 -0.01 16
CPI 2.29% 2.20% 0.46% 1.60% 3.10% 0.26 -1.30 49
Eco_g 0.37 0 0.48 0 1 0.57 -1.75 49
Eco b 0.39 0 0.49 0 1 0.48 -1.85 49

TKurtosis in excess
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Table 4.3:Implied forward rates by maturity and risk fregera

In this table, we regress in first differences thevard rate Kt,i) of maturityi months (withi from one to
60) on the risk free rate of the same maturitiRf). The sample goes from December 2006 to December

2010 at monthly frequency. For columns (1) to @ily the maturities change. The specification is:
th'i = CO + Crf X det,i + 8t,i1

where(,; is the coefficient to estimat€é, a constant term, ang; an error term. The risk free raff, is
approximated for the different maturities by théesaon the UK Government Liabilities provided by
Datastream The forward rates defined in Equation 4.7 are pated using the IPD swap quotes (see

Drouhin and Simon (2011a)) provided by the hedgel ficeberg Alternative Investment.

1) (2) ) (4) (5)

VARIABLES dk dk dk dk dk
dRf; -2.717* -3.352** -2.259* -1.923* -1.547*

(1.049) (1.546) (1.200) (0.978) (0.784)
Constant -0.0370** -0.0606** -0.0264 -0.0201 -0.0140

(0.0150) (0.0277) (0.0165) (0.0122) (0.00869)
R-squared 0.082 0.099 0.075 0.075 0.065
Observations 179 71 72 72 72
Maturity in months [1;60] [1;24] 112;36] 124,48] 136;60]

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 4.4:1mplied forward rate and risk free rate on diffare

sub-periods

In this table, we regress in first differences fibvevard rate {Kt,i) of maturity

i months (withi from one to 60) on the risk free rate of the sanatunity
(dRfi)). The sample goes from December 2006 to Decem®Ed at monthly
frequency. For columns (1) to (2), only the sanméeiod change; two sub-
periods are considered. The specification is:

th,i = Co + Crf X det,i + st,i’

whereC, is the coefficient to estimat€, a constant term, ang; an error
term. The risk free rat&f, is approximated for the different maturities b t
rates on the UK Government Liabilities providedgtastream The forward
rates defined in Equation 4.7 are computed udiegiPD swap quotes (see
Drouhin and Simon (2011a)) provided by the hedgel ficeberg Alternative

Investment.
1) 2)

VARIABLES dk dk
dRf, -2.294%x -4.893%+*

(0.373) (1.143)
Constant -0.0848*** 0.00232

(0.0101) (0.0190)
R-squared 0.149 0.227
Observations 95 84
Maturity in months [1;60] [1;60]
Sub-period in 1st dif. [01/31/08;06/31/09] ]06/31/09;12/31/10]

Robust standard errors in parentheses
*** n<0,01, ** p<0.05, * p<0.1
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Table 4.5:All models estimated using the full sample

In this table, we use a first difference approazhanalyze the IPD forward rateEhe sample goes frc
December 2006 to December 2010 at monthly frequefaycolumns (1) to (5), thestimated specificatio
change. The full specification (column (4)) is:

dKi = Co + Ci¢ X dRfi; + Cor X dAR; + Cyp X dMean_Premium; + Cgg X dEco_g; + Cgp, X dEco_b; +
Cep X dCPI, + &,

whereC, ¢, Car, Cyp, Ceg, Cpp, @andCep; are the coefficients to estimatg, a constant term, ang; an erro
term. The letted associated with each variable refers to its valu@st difference K, ; is the forward rate
datet for the maturityt+i months(with i from one to 60), defined in Equation 4ahd computed using t
IPD swap quotes provided ligeberg Alternative InvestmerRf; is the risk free rate of maturityi monthsal
datet; it is approximated for the different maturitieg the rates on thelK Government Liabilities provide
by DatastreamARt,iis a forecast variable of the annualized IPD ketgm between the datendt+i months
it is computed using an AR(1) process and the niprthK IPD All Property Total Returnndex (variabl
IPD Monthly) provided bylnvestment Property Databankhe Mean_Premiunvariable corresponds to 1
average premium observed on the eight main REIThefUK market; data relative to the balance sl
come fromSNL dataand the unadjusted prices frapatastream The variable€co_gandEco_bare dumm
variables representative of the economic contégb_gis equal to one when the UK unemployment
(seasonally adjusted and provided Dgtastrean is below its first quintile and the Ukkconomic growt
(seasonally adjusted and providedgtastrean is higher than its fourth quintile and zero othise.Eco_b
is equal to one when the UK unemployment rate @vabts fourth quintile and the UK economic grovid
lower thant its first quintile and zero otherwig@nally, CPI, the Consumer Price Index (excluding energy

seasonal food) is provided Batastream
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1) 2) (3) 4) )
VARIABLES dk dk dk dk dk
dRf -3.344*** -2.165*** -2.226*** -2.408***
(0.613) (0.710) (0.674) (0.622)
dAR 0.379*** 0.273*** 0.265*** 0.266*** 0.221%**
(0.0379) (0.0336) (0.0345) (0.0343) (0.0308)
dMean_premium 0.180*** 0.253%** 0.268*** 0.255%**
(0.0299) (0.0482) (0.0669) (0.0686)
dEco_g 0.0211 0.0321 0.00155
(0.0175) (0.0304) (0.0285)
dEco b -0.0306** -0.0309** -0.0218
(0.0145) (0.0145) (0.0157)
dCPI 0.712 -2.140
(1.291) (1.514)
Constant -0.0412*** -0.0216* -0.00848 -0.0141 0.0248***
(0.00925) (0.0110) (0.0113) (0.0121) (0.00922)
R-squared 0.626 0.705 0.715 0.716 0.681
Observations 179 179 179 179 179
Maturity in months [1;60] [1;60] [1;60] [1;60] [1;60]

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 4.6:All models by maturities

In this table, we use a first difference approaxlnalyze the IPD forward rateBhe sample goes from December 2006 to December 20d®nthl
frequency. For columns (1) to (20), the specifimadi and the maturity change. The full specificataiumn (4), (9), (14, (19)) is:

dKi = Co + Ci¢ X dRfi; + Cog X dAR; + Cyp X dMean_Premium; + Cgg X dEco_g; + Cgp, X dEco_b¢ + Cepy X dCPI; + &,

whereC,f, Car, Cup, Cgg, Cgp, andCep; are the coefficients to estimai&, a constant term, ang; an error term. The lettat associated with ea
variable refers to its value in first differendg,; is the forward rate at datdor the maturityt+i months(with i from one to 60), defined in Equation 4.7
and computed using the IPD swap quotes providettdlyerg Alternative InvestmerRf; is the risk free rate of maturityi monthsat datet; it is
approximated for the different maturities by théesaon the UK Government Liabilities provided batastream AR;; is a forecast variable of t
annualized IPD log return between the daedt+i months it is computed using an AR(1) process and the nipdK IPD All Property Total Retur
index provided bynvestment Property Databankhe Mean_Premiunvariable corresponds to the average premium obdemedhe eight main REI
of the UK market; data relative to the balance gheeme fronSNL dataand the unadjusted prices frddatastream The variablesco_gandEco_t
are dummy variables representative of the econannitext.Eco_gis equal to one when the UK unemployment rates(zeally adjusted anprovidec
by Datastrean) is below its first quintile and the UK economicogith (seasonally adjusted and provided tastrean) is higher than its four
quintile and zero otherwis&co_bis equal to one when the UK unemployment ratebva its fourth gintile and the UK economic growth is lov

than its first quintile and zero otherwise. FinaCPI, the Consumer Price Index (excluding energy aadaeal food) is provided kDatastrear.
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1) 2) 3) 4) ) (6) (7 (8) 9) (10)
VARIABLES dk dk dk dk dk dk dk dk dk dk
dRf, -3.657*** -1.543 -1.426 -1.214 -3.091*** -1.363* -1.134* -1.075*
(0.898) (1.027) (0.977) (0.897) (0.603) (0.611) (0.615) (0.566)
dAR 0.413*+* 0.254*+* 0.225%*+* 0.221*** 0.192%** 0.360*** 0.212%** 0.181*** 0.180*** 0.150***
(0.0614) (0.0540) (0.0589) (0.0544) (0.0500) (0.0393) (0.0279) (0.0311) (0.0287) (0.0233)
dMean_premium 0.353*** 0.527*** 0.512*** 0.526*** 0.226*** 0.308*** 0.305*** 0.310***
(0.0561) (0.113) (0.143) (0.147) (0.0274) (0.0459) (0.0559) (0.0589)
dEco_g 0.0637* 0.0512 0.0367 0.0393*** 0.0368 0.0274
(0.0341) (0.0606) (0.0561) (0.0124) (0.0237) (0.0229)
dEco b -0.0501 -0.0496 -0.0436 -0.0122 -0.0121 -0.00831
(0.0342) (0.0354) (0.0357) (0.00937) (0.00949) (0.0109)
dCPI -0.905 -2.808 -0.183 -1.506
(3.142) (2.993) (1.355) (1.333)
Constant -0.063*** -0.0198 0.00175 0.00908 0.0333** -0.035*** -0.00591 -0.00109 0.000499 0.0187*
(0.0168) (0.0217) (0.0240) (0.0221) (0.0156) (0.00852) (0.00959) (0.0106) (0.0124) (0.00826)
R-squared 0.657 0.773 0.792 0.793 0.787 0.742 0.896 0.907 0.907 0.900
Observations 71 71 71 71 71 72 72 72 72 72
Maturity in months ~ [1;24] [1;24] [1;24] [1;24] [1;24] 112;36] 112;36] 112;36] 112;36] 112:36]

Robust standard errors in parentheses

*x n<0.01, ** p<0.05, * p<0.1
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Table 4.6 (continued)

(11) (12) (13) (14) (15) (16) (17 (18) (19) (20)
VARIABLES dk dk dk dk dk dk dk dk dk dk
dRf -3.175%* -1.577% -1.254% -1.331 % -2.769% -1.235%+* -0.831* -0.986*
(0.467) (0.429) (0.455) (0.416) (0.429) (0.388) (0.424) (0.398)
dAR 0.311%+ 0.160% 0.110%+ 0.112%+ 0.0703** 0.246++ 0.0944 %+ 0.0289 0.0315 0.000167
(0.0250) (0.0257) (0.0280) (0.0268) (0.0217) (0.0192) (0.0240) (0.0272) (0.0264) (0.0209)
dMean_premium 0.157%* 0.239%+ 0.243%+ 0.242%+ 0.127++ 0.210%** 0.217%** 0.213%**
(0.0176) (0.0267) (0.0308) (0.0360) (0.0152) (0.0236) (0.0256) (0.0287)
dEco_g 0.0425%*  0.0451%* 0.0348** 0.0472%*  0.0519%*  0.0445%+
(0.00728) (0.0134) (0.0130) (0.00590)  (0.0104) (0.0104)
dEco_b -0.00908 -0.00925 -0.00462 -0.00572  -0.00606 -0.00282
(0.00624)  (0.00592)  (0.00762) (0.00606)  (0.00571)  (0.00656)
dCPI 0.180 -1.047 0.313 -0.442
(0.845) (0.793) (0.782) (0.696)
Constant -0.0309%* -0.00930 -0.00632 -0.00797 0.0103* -0.0227++ -0.00564  -0.00517  -0.00805 0.00330
(0.00629) (0.00585)  (0.00524)  (0.00756)  (0.00589)  (0.00524)  (0.00428)  (0.00384)  (0.00628)  (0.00518)
R-squared 0.682 0.863 0.892 0.892 0.878 0.539 0.769 0.834 0.835 0.824
Observations 72 72 72 72 72 72 72 72 72 72
Maturity in months ~ ]24;48] 124;48] 124;48] 124;48] 124;48] 136:60] 136:60] 136;60] 136;60] 136;60]

Robust standard errors in parentheses
** n<0.01, ** p<0.05, * p<0.1
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Figure 4.1:Theoretical forward price dynamic over time

This figure is a theoretical example of Equatioh vepresentative of the forward price dynal
The forward price of maturity months at datg F(t,t+x), corresponds to the red dotted curve
follows themarket expectationf the underlying index (the light blue curve) beimains within th
upperand thdower bound(the grey lines). These bound are built aroundutismoothed indefthe
green curve) computed via the observed level obfigraisal-based indefthe smooth blue curv

and result from market imperfections.

Prices in level

01/01/2006 01/01/2008 01/01/2010
Time
Appraisal-based index Unsmoothed index Lower bound
Upper bound E = = = F(tt+x)

Thése de doctorat 218|Page



Chapitre 4 : Forward curve risk factors analysithm UK real estate market

Figure 4.2:Structure of the database

This figure describes the structure of the pantsi. We observe across time from December 2006
(DEC 2006 to December 2008DEC 2008 the individual i (with i equal to one and ten)

corresponding to the forward of maturitymonths. The maturity is defined as the differemnte

number of months between the quotation date ottimdract and its maturity. Every contract has a
December maturity. Therefore, the first observaf©bservation n=} of theindividual i=10, i.e., of

the forward contract of maturity 10 months is irbfeeary 2007 EEB 2007); the second in February
2008 FEB 2008.

Individuali=1 (=T-t) Individuali=1 (=T-t)
Individuali=10 (=T-t) Observation n=1 Individual i=10 (=T-t) Observatiom=2
Observation n=1 :: Observation n=2 rJ?
A Y
| i | N i | I
| [ [ | [ [ | -
DEC 2006  FEB 2007 NOV 2007 DEC 2007 FEB 2008 NOV 200¢ DEC 2008
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Figure4.3: Scatter plots of the data

In this figure, we show the scattelots ofdk, the endogenous variable (the implied fard rates) in fire
difference, and each of the exogus variables in first difference as well (exctdp dummy variables
This amount to represent the chas in the implied forward rates of matuii months(with i equal to on
to 60) with the changes in thexogenous on the same periods. The exogenariables, Rf, AR
Mean_Premiut, GDP, Unemploynen, andCPI refer in first difference todRf_i dAR dMean_Premiu,
dGDP, dUnemploymentanddCPI. Rf corresponds to the risk free rate adpproximatd by the rates «
the UK Government Liabilities prvided byDatastream The AR variable is a forecas)f the annualize
IPD log return using an AR(1) press and the monthly UK IPD All Property Total Rn inde; providec
by Investment Property Databar The Mean_Premiumvariable corresponds to theverage premiu
observed on the eight main REI'of the UK market; data relative to the balanogetx come fromSNL
data and the unadjusted pricesim Datastream CPI, GDP and Unemploymentre respectively tt
Consumer Price Index (excluditenergy and seasonal food), the UK GDP grcrate (seasona
adjusted) and the UK unempiment rate (seasonally adjusted); they have | obtained frol

Datastrear.
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CONCLUSION GENERALE

e travail de recherche a pour ambition de contrituéétude des produits

dérivés immobiliers. La littérature académique raffiée étant relativement

limitée en dépit de I'importance de ce sujet, iseanblé opportun de tenter
de combler les lacunes en la matiére. Afin delifacile processus de publication de
nos résultats, nous avons opté pour un format dest Trois articles redigés en
anglais et complétés par un chapitre liminairetégrifrancais ont ainsi été réalisés. Ce
dernier nous est apparu important en raison duxathwisujet ; les dérivés immobiliers
recouvrent des notions a la fois de finance de néaet d’'immobilier, étroitement
imbriquées. En présentant les pré-requis et entiposant nos problématiques de
recherche, nous avons souhaité rendre ces trazaessables aux acteurs de la finance

mais également a ceux de I'immobilier.

Alors que I'immobilier constitue de loin la partpdus conséquente du patrimoine
economique national, le marché des dérives imnasbilpeine a se développer. Sur ce
point, des études académiques récentes ont moréré gquanque de compréhension de
leurs prix en est la principale raison. Ce tradaittoral a cherché a y remédier. Par la
conduite d’études a la fois théoriques et empisgueous sommes parvenus a
déterminer (1) leurs caractéristiques statistiq(@sleurs facteurs de risque et aussi (3)
a appréhender l'intérét de ces produits en temi@iction de découverte des prix. Les
études empiriques réalisées ont été rendues pesght le développement depuis 2004
du marché des dérivés au Royaume-Uni, aujourdélativement mature. Cependant,
s’agissant essentiellement d’'un marché de gré ailgm’aurait été impossible de
disposer des informations y étant relatives saaisld’ précieuse que m’a fournie le
hedge fundceberg Alternative Investment. Grace a la collakion établie au début de
ma these, jai pu bénéficier de leur base de danméastituée du prix des dérivés
immobiliers. Ceux-ci leur sont communiqués par Igsincipales banques

d'investissement et brokers londoniens.

Au sein du premier article, soit du Chapitre 2, s\x@avons mené une analyse

théorique du prix des produits dérivés immobiliees utilisant les résultats de Kazziha
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(1999), Belgrade, Benhamou et Koehler (2004) etcMi&o (2005), nous avons ainsi
défini la relation existant entre les swaps etféewards sur indices immobiliers. Puis,
aprés avoir considéré les conséquences de la dolveme méthode numeérique
permettant d’obtenir le prix des forwards implisit@ ceux des swaps a été introduite.
En décomposant le prix des swaps en leurs souegtémles forwards, nous en
améliorons la compréhension. Au lieu de disposan daux de swap fixe, identique
pour chacune des maturités, les prix forwards pgemiede disposer d’'une information
propre aux différents horizons temporels considgrnéaformation se trouve ainsi
enrichie et simplifiée.

Les Chapitres 3 et 4 constituent a notre connaigsales premieres études
empiriques du prix des swaps sur indices immolsili&n utilisant les résultats établis
au sein du Chapitre 2, nous avons déterminé lactatel par terme de leurs taux
forwards implicites et en avons analysé les cariatifues statistiques ainsi que les
principaux facteurs de risque. Par le biais d’'un é®dde panel en différences
premiéres, nous sommes parvenus a expliquer plugOéle de la variabilité de la
structure par terme des taux forwards sur I'indmenobilier UK IPD Total Retun All
Property. Les coefficients obtenus sont stabled que soit le modele ou le sous-
échantillon considéré. Nous montrons par exempélguaux sans risque a un impact
négatif sur la structure par terme des taux forwavtidgré ce qui apparait a premiére
vue comme contradictoire, nos résultats confirmiesmithéories énoncées par Geltner et
Fisher (2007) et Syz et Vanini (2011). Contrairetreaux indices d’expertises, les prix
forwards semblent refléter correctement [inforroati disponible et évitent les
phénomeénes bien connus de lissage et de tyrangiealleurs passées. Par une analyse
de la causalité au sens de Granger (1969), nousansnjue les fluctuations des prix
forwards permettent d’anticiper I'évolution de Hige IPD ; la relation inverse n’est pas
vérifiée. La structure par terme des prix forwagdsplus cohérente en termes de risque
que leur sous-jacent sans avoir en contrepartie nnagvaise dynamique en ce qui

concerne la rentabilité.

Les implications manageériales de ces travaux sontbmeuses. Si les dérivés
immobiliers permettent aux investisseurs d'exécufes stratégies telles que la
couverture et la vente a découvert, leurs risqtggré jusqu’a présent méconnus. Le
travail de recherche réalisé au cours de cette thgsermis, nous I'espérons du moins,

d’y remédier en rendant compte de la dynamique tespivie par ces produits. Ceci
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devrait faciliter leur utilisation mais égalemenontribuer au développement de
stratégies d'arbitrage des différents supports imleod. Par ailleurs, en raison de la
capacité des dérivés immobiliers a révéler lescanatiions sur les évolutions de prix
futurs, un accroissement de leur volume sur leschéasr organisés permettrait de
diffuser plus largement cette information. Lesfliations de la courbe des prix futures
constitueraient alors un indicateur utile pour lasticiens a la recherche d'une
information ne souffrant pas des limites relativasix différents indicateurs
traditionnels. Vendeurs et acheteurs pourraienéctalr des informations non seulement
sur le marché au comptant mais également sur lehd@ates dérivés immobiliers. Les
produits dérivés immobiliers ont la possibilité pgmier un réle important dans la
détermination du prix de marché de I'actif sousejaaen améliorant la transparence sur

le niveau des prix présents.

En conclusion, I'étude des produits dérivés immetsl ouvre de nombreuses
autres perspectives de recherche. L’'analyse datored entre les différents supports
immobiliers ainsi que la possibilité de les arbitpar recours aux dérivés sur indices
immobiliers n'a pour linstant pas été abordée ainsde la littérature. Une
confrontation de I'ensemble des méthodes de déksdas indices immobiliers avec les
dérivés nous parait également pertinente. Si catable aujourd’hui encore un peu
difficile en raison de la disponibilité des donnésisdes volumes sur les marchés
organisés, il serait a l'avenir intéressant de &fedser aux conséquences de

I'introduction des dérivés immobiliers sur la vdigd de I'immobilier direct.
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RESUME

Si 'immobilier est de loin la plus importante cas d’actifs de notre
économie, elle est également I'une des derniérespas disposer d’'un marché de
dérivés mature. Des études académiques récentenammité que le manque de
compréhension de leurs prix en est la principaisora Ce travail doctoral
cherche a y remédier. Par la conduite d’étudesfaigahéoriques et empiriques,
nous sommes parvenus a déterminer leurs caraitféest statistiques, leurs
facteurs de risque mais aussi a appréhender Bintlr ces produits en terme de
fonction de découverte des prix. Si les dérivés alifiers constituent un outil de
paramétrisation du risque immobilier essentielpffsent également la possibilité
aux investisseurs comme aux pouvoirs publics deoder d’informations qui ne

seraient pas disponibles autrement.

Mots clés : produits dérivés immobiliers, structure par terrimglice sur
valeurs d’expertises, efficience des marchés, fonae découverte des prix.

SUMMARY

Despite the fact that real estate is the largesgtadass in our economy, it is
one of the few that do not have a mature derivativearket. Recent academic
studies have shown that the lack of understandimgab estate derivatives’ prices
is the main reason for the absence of a markes dissertation aims to change
this. By conducting theoretical and empirical sesdiwe describe their statistical
characteristics, their risk factors, and we highligkeir importance in terms of
price discovery function. Property derivatives ae essential tool for risk
management, but they also offer for investors aedulators a source of

information that would otherwise not be available.

Keywords: property derivatives, term structure, appraisaeola index,
market efficiency, price discovery function.



