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RESUMEN

En los Ultimos tiempos, la importancia que el cambiimético tiene en nuestra
sociedad esta aumentando de forma continuada. Ediltiswo informe de sintesis

publicado en 2007 vy titulado “Cambio Climatico 200Torme de Sintesis”, el Panel
Intergubernamental sobre el Cambio Climatico (IP&€Csus siglas en inglés) advierte
gue no hay ninguna duda acerca de las causas egérdpas del cambio climatico. En
este mismo informe urge a los gobiernos a que em@reuna soluciéon a uno de los

problemas mas importantes del siglo XXI.

Una de las respuestas que ha generado tanto |sanecenitigacion del cambio
climatico como la adaptacion a sus consecuenciasimnéediatas, ha sido la aparicion
de un nuevo concepto en las sociedades modersdankanzas del Carbono @Garbon
Finance). Segun Labatt and White (2006) la Carbon Finangsora las implicaciones
financieras de vivir en un mundo sujeto a la licia de las emisiones de di6xido de
carbono y de otros gases de efecto invernaderaleddithos gases tienen un precio.
Los mercados de carbono son una parte importanta Garbon Finance, pero no la
Gnica. El desarrollo de proyectos para reducir dasisiones de gases de efecto
invernadero (nuevas oportunidades de estrategiagnaesion alternativas) o las
politicas gubernamentales cuyo objetivo es rediasiremisiones de dichos gases o
facilitar la adaptacion a los efectos del cambimé&tico, son otros de los pilares basicos

de la Carbon Finance.

El informe Stern (2006) también sefiala la necesatlaestablecer un precio para las

emisiones de gases de efecto invernadero. Sedidm idiforme, para poder articular una
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respuesta efectiva, eficiente y equitativa frentecambio climatico, es necesario

disponer de sefiales de precio y por lo tanto despde mercados de carbono.

La aparicion y la formacion del precio del carbdr@osido posible, entre otras cosas,
gracias a una de las politicas globales mas immtedapara reducir las emisiones de
gases de efecto invernadero a nivel mundial: eloBoto de Kyoto. Dicho protocolo

entré en vigor el 16 de febrero de 2005. En élijaa fle forma legalmente vinculante
objetivos de reduccion de emisiones para los paitsdsstrializados que lo han

ratificado. Dichas reducciones se deben produciarda el periodo 2008-2012. No
obstante, existen tres mecanismos de flexibilidael facilitan a los paises sujetos al

protocolo el cumplimiento de sus objetivos.

Entre dichos mecanismos se encuentra la negociagdéemisiones (articulo 17 del
protocolo de Kyoto), que ha jugado un papel cruerakl lanzamiento del mercado de
emisiones europeo (EU ETS, en sus siglas en ing@ésjin Lowrey (2006), a pesar de
gue los objetivos principales del EU ETS son (iydduccion de emisiones de O
(ii) la promocion de tecnologias poco intensivas cambono y (iii) la eficiencia
energética, posiblemente, el objetivo mas impoetastel establecimiento de un precio
de mercado para los permisos de emision. El estabénto de dicho precio significa
que las instalaciones europeas mas emisoras dg 00 conscientes de las

consecuencias financieras de sus actividades coraates.

El EU ETS, es el mercado financiero con fines metioientales mas importante del
mundo. Si lo comparamos con el mercado american8Q@eel EU ETS incluye un

mayor numero de instalaciones; ademas, la cantitacgmisiones cubiertas en el
esquema asi como el valor de los activos creadbstiybuidos es superior. Bajo este

esquema, lanzado el 1 de enero de 2005, las icistaés europeas que producen una
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cantidad importante de emisiones de,G€ciben de sus gobiernos, a través de los
Planes Nacionales de Asignacion (NAPs en sus sgglasglés), permisos de emision
para cada una de las fases del EU ETS (Fase leylHasa Fase |, considerada una
fase piloto, incluye los afios 2005-2007 mientras lquFase Il coincide con el periodo
de cumplimiento del protocolo de Kyoto y, por lottg incluye los afios 2008-2012.
Los permisos de emision reciben el nombre de Pesmds Emision Europeos (EUAs
en sus siglas en inglés) y permiten emitir unaltmtzede CQ@ en un pais de la Union
Europea. Gracias al EU ETS, los permisos recibibkeasEUAS, pueden negociarse en
varios mercados al contado, de futuros e inclusoogdeiones, siempre que las

instalaciones cumplan con sus objetivos de redna@demisiones en el plazo previsto.

El estudio de los mercados de carbono forma parfaslinquietudes del campo de las
finanzas. Prueba de ello es que, desde el lanzeamoi EU ETS, el niamero de

articulos académicos que se interesan por estelépoercados ha experimentado un
incremento considerable. Sin embargo, al comierzedta tesis (septiembre 2005), no
existian articulos de investigacion que estudiammpiricamente el comportamiento
financiero de los mercados europeos de,.CEbr lo tanto, uno de sus objetivos

principales es enriquecer la literatura financesraste campo.

Esta tesis se organiza en cuatro capitulos. Canlanaliza el mercado europeo de,CO

desde un punto de vista distinto.

CAPITULO 1: La negociacion de CQ
En concreto, eprimer capitulo se titula La negociacion de C@ y el principal
objetivo es describir el estado de la cuestibnodemtercados de permisos de emision.

Desde la ratificacion del protocolo de Kyoto por gran numero de paises, la
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negociacion de permisos de emision se ha desalwotla forma continua vy, por lo

tanto, existe un interés creciente por estudia festomeno.

Sin embargo, para centrar la cuestion en el meradelopermisos de emision,
empezamos este capitulo por los origenes de lxiaegin de dichos permisos a nivel
europeo. En primer lugar introducimos el protoat#a<yoto y el mercado de emisiones
como uno de los tres mecanismos de flexibilidad peemiten ayudar a los paises
firmantes del protocolo a alcanzar sus objetivogedkiccion de emisiones. En este
capitulo se explican cuales son las diferentesbpiolsides de las que disponen los
paises que han firmado el protocolo de Kyoto, péranzar sus objetivos particulares.
Ademas, se proporciona una descripcion detalladbsl®bjetivos por paises y del
estado de cumplimiento de los mismos, prestandecedpatencion a los paises

europeos.

Por otra parte, se contempla el hecho de que cteri@imdad al lanzamiento del

EU ETS, ha habido varias experiencias de negociad® permisos de emisién en
diversas partes del mundo. Sin embargo, el EU ESlSaelia de hoy, y como se ha
dicho anteriormente, el mercado mas amplio a nimehdial en el que se pueden
negociar permisos de emision de gases de efeaoniadero. Por lo tanto es importante

comprender su funcionamiento asi como su artiaagiorganizacion.

Para ello, una descripcion detallada del EU ETfrgporciona en este capitulo. En esta
descripcion se consideran todos los aspectos tm&u la directiva europea que regula
este mercado (2003/97/CE) y se intenta dar unérvisi mas amplia posible de dicho
mercado. Los temas tratados incluyen los sectaregpeos sujetos a la directiva, los
Planes Nacionales de Asignacién y su importancieledesarrollo del proceso, la

descripcion del sistema de negociacion y el paplesubervisor europeo de los registros
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nacionales (el Community Independent Transactiog, KGITL, en sus siglas en inglés)
la obligacion de la vinculacién al registro de MNa@s Unidas (el International
Transaction Log, ITL, en sus siglas en inglés) ppasaticipar en el mercado
internacional de permisos de emision, el seguimidet cumplimiento de los objetivos
y la verificacion de las emisiones reales, asi ctarbscusion sobre la continuacion del
EU ETS después de la fase de cumplimiento del Eotiiale Kyoto (es decir, a partir

de 2012).

Una vez entendido el funcionamiento del esquemeodeercializacion de permisos de
emisién en Europa, se procede a la presentacidmsddiferentes formas en las que se
puede llevar a cabo la negociacién de dichos peeniSe estudia el mercado parte a
parte asi como los mercados organizados, tantoréa@do como a futuro. Para ello se
describen tanto las normas de negociacién en caaldellos mercados europeos en los
que es posible negociar cada tipo de contrato danewolucion de los precios en los
diferentes mercados y las relaciones de correlamdre ellos. También se proporciona
informacion sobre los volimenes negociados tantonpercados como por fases del

EU ETS. Del mismo modo se estudian los contratuseal internacional.

A partir de este andlisis, se deduce que los @westgquen una evolucion muy parecida
independientemente de qué mercado europeo se emnsildemas, los niveles de

precios son también muy semejantes. Estas casditiasi se constatan tanto si se
considera la Fase | como la Fase Il. En lo queeBere a los volimenes, el mercado
organizado que mas volumen registra durante la FeeeEU ETS es el mercado de

futuros. La mayor parte de esta negociacion se éaa mercado inglés, el European
Climate Exchange. Sin embargo, la mayor parte dedmciacion a contado se realiza a

través del mercado francés Bluenext.



X Essays on CO

No obstante, puesto que el EU ETS no es el Unicocade que se deriva del
mecanismo de flexibilidad del protocolo de Kyotambién es interesante considerar
como se lleva a cabo la vinculacion del mercadoopro con (i) los mercados
internacionales de permisos de emisién de gasededéo invernadero derivados del
protocolo de Kyoto y por lo tanto bajo la supemstde Naciones Unidas y (ii) con los
otros mecanismos de flexibilidad de dicho protoc@lstos otros mecanismos consisten
basicamente en la realizacion de proyectos de c&tlude emisiones, promovidos por
los paises que han ratificado el protocolo de Kyetootro pais. ElI pais patrocinador
recibe un nimero de permisos de emision equivakelds emisiones evitadas en el pais

en el que se desarrolla el proyecto.

En el caso de que el proyecto se realice en unqaishaya a su vez ratificado el
protocolo de Kyoto, el mecanismo de flexibilidadibe el nombre de Mecanismo de
Aplicacion Conjunta (JI, en sus siglas en ingléginyel caso de que el proyecto se
desarrolle en un pais no industrializado, el meraaide flexibilidad recibe el nombre

de Mecanismo de Desarrollo Limpio (CDM, en susasign inglés).

Los permisos de emision de gases de efecto invermapknerados por estos proyectos
reciben el nombre de Unidades de Reduccion de &neisi(ERUs, en sus siglas en
inglés) en el caso del mecanismo de Aplicacién @uajy Certificados de Reduccion
de Emisiones (y CERs, en sus siglas en inglés) ease del Mecanismo de Desarrollo
Limpio. Estos permisos, al igual que los EUASs, mredegociarse en los mercados
internacionales y pueden utilizarse para el cumphito de los objetivos de reduccién

de emisiones.

Junto con el registro internacional, el Internagiofransaction Log, que permite la

negociacion de permisos a nivel mundial, estos ngces de proyectos son muy
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importantes para la mitigacion de las emisionegaes de efecto invernadero a nivel
global. Ademas, gracias a estos mecanismos, lesegab industrializados desempefian
un papel importantisimo en dicha reduccion de emés, al mismo tiempo que pueden

beneficiarse de cierta transmision de tecnologia.

En este capitulo también se comenta que en losad@scde carbono, hay una gran
variedad de participantes. En primer lugar podeowssiderar los agentes industriales
directamente afectados por la reduccion de emisiemesus procesos de produccion,
pero también existen intermediarios e instituciofieancieras, que juegan un papel
fundamental en el desarrollo de este tipo de mescaidemas, hay que tener en cuenta
la importancia en el mercado de los agentes quecipan en la elaboracion de
proyectos ya sea de aplicacién conjunta o utilivagldnecanismo de desarrollo limpio.
Este tipo de agentes aumentan la oferta de perrdispenible cuando introducen los

permisos obtenidos con los proyectos en el meritaemacional.

Como conclusion general de este capitulo me gassabirayar algunos aspectos: (i) el
EU ETS ha conseguido imponer un precio a las emasiale C@y por lo tanto ha
alcanzado uno de sus objetivos mas importantg¢®|l flolumen de negociacion de todo
tipo de contratos, tanto al contado, como a futesth aumentando de forma muy
pronunciada, (iii) los contratos de opciones hapezado a desarrollarse recientemente
en los mercados organizados (nétese que los ageeltasercado consideran que la
negociacion de este tipo de contratos en mercag@amiaados es signo de madurez del
mercado de futuros y ademas contribuira a creapmmpuidez en dicho mercado), (iv)
el mercado secundario de CERs es el segmento geisengsta desarrollando y segun
las estimaciones, contribuira a que la oferta gdmanda en los mercados de carbono

llegue al equilibrio.
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CAPITULO 2: Precios de CO,, Energia y Clima

El segundo capitulose titula Precios de C@ Energia y Climd. Como hemos visto,
uno de los principales objetivos del EU ETS y ureo silis mayores éxitos, es el
establecimiento de un precio para el,C8l objetivo de este capitulo es analizar el
efecto de ciertas variables climéaticas y no clioaé#j sobre dicho precio y mas
concretamente sobre los rendimientos a plazo dialeoCQ durante 2005 (el primer
afo de la Fase | del EU ETS). Para ello analizavao®s modelos que corroboran la
influencia de variables energéticas y climéaticasosnrendimientos del GOComo se
explica a continuacién, nos basamos en hipotesmatielos tedricos y en sugerencias
hechas por los agentes de mercado para guiarnusestro analisis y en la eleccion de

dichas variables.

Una de las mayores dificultades para la realizad®este capitulo ha sido la ausencia
de estudios empiricos en la literatura cientificg @nalizaran esta problematica. Sin
embargo, en el momento de la elaboracion del dapiuistian explicaciones tedricas
para los determinantes de los precios del carb@iocemo articulos basados en
simulaciones que introducen el impacto en la ecéaahe tener un precio de @O
Asimismo, desde la creacién del EU ETS, han apdwegublicaciones realizadas por
agentes del mercado sobre la evolucion de losquete CQ en Europa y existia una

idea de qué variables podian considerarse detantemde dichos precios.

La mayor parte de los modelos teoricos que tratdenea de la determinacion de los
precios de C® sugieren que tanto variables energéticas commrésctclimaticos
pueden influenciar los precios de los permisosrdisién. Estos factores, en general

coinciden con las percepciones de los agentes =dwe
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Las variables energéticas que hemos utilizado @stras modelos son las variables
energéticas mas relevantes a nivel europeo: Bregasy natural, negociados en el
International Petroleum Exchange (IPE) asi comaipsede carbdn publicados por el
broker Traditional Financial Services (TFS), cotangente TFS API 2 ARA. En todos
los casos hemos cogido las series de precios defguie mejor corresponden con la
serie de precios de EUAs utilizadaafbon Indexpublicado por el mercado aleman, el
EEX). Ademas hemos querido considerar el impaciocdmbio relativo entre los

precios de gas y carbon para lo que hemos creavaniable adicional.

En lo que se refiere a las variables climaticasydsequerido tener en cuenta el impacto
del clima en Alemania sobre los precios de,CGfuesto que los precios de £0
utilizados representan operaciones cerradas ergngarticipantes del EEX que durante
el periodo muestral eran principalmente alemansist@mo el clima agregado a nivel
europeo. Para ello hemos construido indices de d@mmya y pluviosidad que
representan ambos climas y hemos analizado eloefiettclima extremo y persistente

para cada caso por separado.

Los resultados muestran que las variables que ntiane impacto mayor en la
determinacion de los precios de £€on el Brent y el gas natural. Ademas, se observa
que los dias extremadamente calidos o frios en &bétienen un impacto positivo en
los precios del C® Sin embargo, no se observa influencia estadiséoge
significativa sobre el precio del G@e la fuente energética més intensiva en emisiones
(el carbdn) ni tampoco de la variable que recogeokabilidad de cambiar de fuente de
produccion de energia en funcion de los precioativels entre el gas natural y el
carbon. Por otra parte, todas las variables queestadlisticamente significativas y que

por lo tanto tienen un impacto sobre los precidsCd®, lo tienen con el signo esperado
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y esto muestra cierta racionalidad del mercadopaarale permisos de emision en su
primer afio de funcionamiento. Es decir, el precjgazo del CQ refleja condiciones
subyacentes a nivel microeconémico y por consigejexl mercado de Gho es tan

irracional, durante este periodo, como algunosrehgeres han sugerido.

Ademas de determinar las variables que afectanay@ommedida a los precios de £€0O
durante el primer afio de negociacidon, este estndf permite analizar también la
relacion entre variables energéticas y,C&3i como esclarecer la forma funcional entre

las variables climaticas y el GO

En este capitulo no queremos explicar el nivel me@i los precios de GQ@urante el

periodo estudiado con respecto a las expectatsias, que queremos centrar nuestro
interés en los rendimientos diarios durante el 2@)®bjetivo es intentar examinar la
posible racionalidad subyacente de la forma erutasg establecen los precios de,CO

durante el primer afio de EU ETS.

CAPITULO 3: El impacto de los Planes Nacionales désignacion
sobre los precios de C®

El capitulo 3 se titula El impacto de los Planes Nacionales de Asignaci@br los
precios de C@ . En este capitulo se estudia la eficiencia detatk en sus comienzos.
La estructura de los mercados de emisiones y lalde@n Europea que organiza las
obligaciones de los Estados Miembros, hace quebfigacion de informacion relativa
a diversos aspectos que pueden tener una influsobiee los mercados de ¢Ge
produzca de forma esporadica. Entre estos aspesto®ncuentran las noticias
() relacionadas con los NAPs, documentos elab@rado los estados miembros en los

gue se fija tanto la cantidad total de permisosrdision disponible como la asignacién
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a cada instalacion cubierta por el EU ETS y (i &uncios de las emisiones reales
verificadas. Concretamente, en este capitulo sézanal impacto de los anuncios
oficiales hechos por la comisién europea que sereef a anuncios sobre los NAPs y a

la verificacidn de emisiones reales sobre los peegila volatilidad de los EUASs.

La forma en la que llega esta informacién a loscasws de C®Oeuropeos tiene ciertas
caracteristicas que la hacen atractiva tanto paestsidio a nivel académico como para
los participantes del mercado: es esporadica y rasae Para realizar este estudio
hemos considerado el periodo desde octubre 2004 hzsyo 2007, durante el cual,

mas de 70 anuncios oficiales fueron registrados.

En la literatura relativa a los mercados de futuhay numerosos articulos que utilizan
la metodologia del estudio de eventos para detamtioemo y cuando la informacién
llega al mercado, en una gran variedad de conteS&min McKenzie et al. (2004), en
la literatura se utilizan principalmente dos tigies enfoques. El primero consiste en
estimar los rendimientos anormales como coeficiedt una regresion con variables
dummyque corresponden a los dias en los que se pralumeento (vease Christie-
David and Chaudhry (2000), Lusk and Schroeder (@68 Simpson and Ramchander
(2004), entre otros). El segundo enfoque es eluiliea el modeloConstant Mean
Return Model que obtiene los rendimientos anormales a padirud periodo de
referencia (véase Mann and Dowen (1997) and TseHao#ard (2006), entre otros).
En este capitulo utilizamos los dos enfoques dedtbdologia de estudio de eventos

utilizando rendimientos diarios de los preciostario del CQ.

Sin embargo, las particularidades de nuestra skeridatos hacen que sea necesario
adaptar la metodologia del estudio de eventos taddevada cantidad de anuncios

cercanos en el tiempo que afectan a una sola derigrecios. Con la intencion de



XVi Essays on CO

minimizar las grandes sorpresas durante el penedprediccion cuando aplicamos el
Constant Mean Return Modgbroponemos utilizar en su lugar, el modelo de isled
Truncada, que es una modificacion del modabmstant Mean Adjusted Return Model,
en el que los rendimientos anormales en el periledestimacion se obtienen utilizando

una media truncada.

Es decir, en este capitulo hemos adaptado la nletgidotradicional del estudio de
eventos utilizada en otros mercados financierog, gaor un lado, hacer frente a ciertas
especificidades del mercado de £0por el otro, minimizar grandes sorpresas durante

el periodo de prediccion.

Los resultados obtenidos muestran que, por lo eggecta a los efectos de los anuncios
relativos a los NAPs sobre los rendimientos deb,Gé@nto los anuncios de la Fase |
como de la Fase Il tienen una influencia sobrerérglimientos del CQel dia del
anuncio y en unos pocos casos también durantddessjuientes. Sorprendentemente,

también hemos detectado rendimientos significaterodias previos al anuncio.

Con respecto al impacto de este tipo de anuncibseska volatilidad, no hemos

encontrado ningun efecto significativo antes npdés del anuncio oficial.

Las dos constataciones, la presencia de rendinsieatmrmales estadisticamente
significativos hasta tres dias antes del anundazigado con los NAPs y la ausencia
de efectos de volatilidad cuando la informaciénre@gelada, indican que ha habido

filtracion de informacion antes del anuncio.

Estos resultados apoyan la peticion hecha porilagean Federation of Energy Traders
(EFET, 2006) a la Comisién Europea como consecaedei la publicacion de las

emisiones verificadas del afio 2005 que tuvieroareg mayo de 2006. Concretamente
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EFET pidié que la informacion importante que putseer un efecto sobre el precio del
CO, debiera seexacta, final, y que se publique de tal forma ceee &ccesible a todos

los participantes del mercado al mismo tiempo

CAPITULO 4: Precios de CO, y Gestién de Carteras

Por altimo, elcuarto capitulo lleva por titulo Precios de CQy Gestidn de Carterds
Como hemos visto, el EU ETS se organiza en dos.faseFase | empez6 en enero
2005 y la Fase Il en enero 2008. Puesto que laferncia de permisos entre fases no
esta permitida, los activos negociados en cadalenas fases deben considerarse como
activos diferentes. Es decir, los precios de futton vencimiento diciembre 2007, no
tienen porqué coincidir, y de hecho a partir de o206 no coinciden, con los precios
de futuro con vencimiento 2008. Por lo tanto, digala Fase | del EU ETS se
negociaron simultaneamente dos tipos de activosepresentaban el permiso de emitir
una tonelada de CCen la Unidn Europea. La diferencia entre los dds/@s es el
periodo de tiempo en el que la emisién de dichaltata de C®puede tener lugar.
Notese que a partir de abril de 2008 la negociaosiEUA Fase | dejo de realizarse y
por lo tanto el interés de estudiarlo es simplemebservar o qué paso en la fase piloto

del EU ETS.

Para el propdésito de este capitulo también es itaupter sefialar que, como se muestra
en el capitulo uno, las instalaciones cubiertaslgpalirectiva 2003/87/CE (los grandes
emisores de C£) no son las Unicas participantes que pueden fopawde del EU ETS.
Cualquier persona natural o juridica esta autoazadbrir una cuenta y a participar en
la negociacion de emisiones. Por lo tanto, esasterte estudiar si el lanzamiento del

EU ETS ha creado nuevas oportunidades de invetamhién para estos participantes
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que no tienen obligacion de reduccién de emisigngse por lo tanto no utilizan el

EU ETS para cumplir con sus objetivos.

Desde que Markowitz publicara su articulo “Portdolelection” en ellournal of
Finance en 1952, muchos autores se han interesado gstwaio de los beneficios de
la diversificacibn en una amplia variedad de caim®xGrubel (1968) and Eun and
Resnick (1988), entre otros, tratan de mostranaicartera esta mejor diversificada si
se incluyen activos de otros paises (diversifiaadéidernacional). En otros casos, los
autores estudian las oportunidades que brindaviergiiicacion cuando se introducen
nuevos activos. Por ejemplo, Ibbotsand Siegel (1984), Kuhle (1987) and
Chandrashekaran (1999), entre otros, comparan &s Rstate Investment Trusts
(fondos de inversién inmobiliaria) con otras opoitiades de inversion para estudiar la
capacidad de estos activos de mejorar la divessificn de la cartera (diversificaciéon
por activos). Otro ejemplo es el caso de autoresocdensen et al. (2002), Gorton and
Rouwenhorst (2004), and Erb and Harvey (2006) aqad¢izan el impacto de introducir
indices de materias primas como el Goldman Saclhsn@ality Index (GSCI), en la

gestion de cartera.

El estudio del efecto que sobre la diversificacida la cartera pueda tener la
introduccién en la misma de EUAs es el principgetito de este capitulo. Las razones
por las que consideramos que este analisis escuylarthente oportuno son

principalmente dos: (i) el interés de los inversoem los mercados de carbono esta
aumentando constantemente y (ii) la Fase | del EB &caba de terminar por lo que se
puede hacer un analisis completo de lo que ocarrita fase piloto. Concretamente, en
este capitulo intentamos describir los efectosnd®ducir este nuevo activo en una

cartera ya diversificada durante la Fase | del EH&.EAdemas, también analizamos
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bajo que condiciones la existencia de EUAs incréenkas oportunidades de inversion
de un inversor europeo durante la Fase Il del E$.HIs resultados obtenidos son
interesantes tanto desde un punto de vista académino para los participantes del

mercado.

Para realizar este estudio, empezamos por intaemesaor las caracteristicas de los
EUAs Fase | y Fase Il como Unica inversién. Hemodign confirmar que ambos
activos presentan rendimientos no demasiado elewadesviaciones estandar bastante
elevadas. Esto hace que los dos activos presenterratio de Sharpe bajo
(especialmente en el caso de los EUAs de la FaPei)lo tanto, podemos deducir que
este tipo de activos, como Unica inversion, no demasiado convenientes. Sin
embargo, si consideramos que el rendimiento del Ed#e | ha sido negativo durante

dicha fase, podemos considerar la posibilidad deleedicho activo.

A continuacion hemos estudiado el efecto de intodwestos dos activos,

separadamente, en una cartera diversificada, catgpy®r activos tradicionales y
variables energéticas. Entre los activos tradidemndiguran la renta fija y la renta
variable. Los activos que hemos considerado paranta fija son los contratos mas
negociados en Europa: Euro Schatz Futures, Euro Baures and Euro Bund Futures
para los vencimientos de 2, 5 y 10 afios, aproximadée, respectivamente. Con
respecto a la renta variable hemos consideraderia de precios de futuro del Dow
Jones Euro Stoxx 50. Las variables energéticasidemaslas son también las mas
representativas en Europa; concretamente hemazadtl precios de futuro de Brent y
de gas natural negociados en el International Retro Exchange. La variable que

hemos considerado libre de riesgo ha sido el EURIBQIn mes.
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A partir de estos activos, hemos considerado seisimaciones diferentes de activos
para elaborar seis carteras a partir de las chale®s introducido los EUAs Fase |y
Fase Il y hemos estudiado el impacto de introdestios dos activos en los rendimientos
y la volatilidad de la cartera. Las ponderacioneda$ diferentes activos que hemos

utilizado para elaborar las diferentes carterada®osiguientes:

Cartera I: 50% acciones y 50% renta fija,

- Cartera Il: 80% Cartera | y 20% variables energétic

- Cartera lll: 80% Cartera | y 20% G®ase |,

- Cartera IV: 80% Cartera | y 20%G®ase I,

- Cartera V: 80% Cartera |, 10% variables energétick3% CQ Fase |,

- Cartera VI: 80% Cartera I, 10% variables energéticd0% CQ Fase Il.

Asi pues, utilizando la metodologia de Markowit232), hemos obtenido las fronteras
eficientes para cada una de estas carteras. Hbianédl hemos realizado utilizando
rendimientos historicos y rendimientos ajustados reEsgo para la obtencion de los

rendimientos esperados. En ambos casos los ressibad muy parecidos.

En primer lugar encontramos que introducir permasm&mision de COpara la Fase |
o para la Fase Il, puede aumentar el conjunto aetwpdades de inversion de un
inversor que inicialmente invierte en activos tcamhales (acciones y renta fija). Sin
embargo, las oportunidades que proporciono ladotoion del CQFase | en la cartera
fueron mas importantes que las que present6 lasiivede CQ Fase Il durante el

periodo muestral.

Si consideramos un inversor que ya tiene en sareatterta representacion de variables
energeéticas, Unicamente la introduccion de €E@se | pudo incrementar su conjunto de

oportunidades de inversion. Sin embargo, indepeteheente de qué método
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utilicemos para obtener los rendimientos esperamliisnemos que la cartera que
incluye variables energéticas permite obtener masjarombinaciones rendimiento-

riesgo que la cartera que incluye {r&ase |l

Finalmente, en este capitulo también se analizeocgenintroducen los EUAs en la
cartera Optima para la cual hemos fijado un rengtinoi objetivo de 3%, 5% o0 10%. En
este sentido obtenemos que las ponderaciones @Jlads en la cartera 6ptima no son
demasiado importantes y que en la mayoria de kxsscas necesario permitir las ventas
al descubierto para que los EUAs sean introduceloda cartera Optima. Este es
sobretodo el caso cuando consideramos los EUAsIFgse acabaron con precios muy

cercanos a cero durante 2007.

Comentarios finales

En esta tesis hemos intentado responder a algunéess preguntas que surgen con la
creacion de los mercados de OOque se refieren basicamente al funcionamiento de
dichos mercados, a los determinantes de los prdeioSQ, al andlisis de la eficiencia
de este nuevo mercado y a las implicaciones deiséeacia de dos nuevos activos en la
gestion de cartera. Hemos intentado responderrdeafdgurosa a estas preguntas que
interesan tanto desde el punto de vista acadérioo @ los participantes del mercado

y a los reguladores.

Dada la falta de datos cuando empezamos esta(ti@sefio de datos para el segundo
capitulo, dos afios para el tercero y tres paraata), hemos utilizado a lo largo de la

tesis técnicas no-paramétricas que nos han peoratiitar hacer supuestos sobre la
distribucion de los rendimientos del @@demas, en el capitulo 3, tuvimos que adaptar

la metodologia a nuestro caso particular y en gitwl® 4 no tuvimos mas remedio que
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considerar la gestion de cartera utilizando EUAsgnswerando un horizonte de
inversion de corto plazo. Por lo tanto, la expamgiatural de esta tesis es considerar
periodos muestrales mas largos y ampliar el narderdatos histéricos. Esto solo sera
posible a medida que el EU ETS se desarrolle asiocel resto de mercados
internacionales de GOPor otra parte, el capitulo 1 debera actualizensstantemente,
sobretodo teniendo en cuenta que la preparaciola dease Il del EU ETS y las
negociaciones internacionales sobre el post-Kyatoestan desarrollando en estos

momentos.

Si consideramos series mas largas, en el capitypod2emos incluir otro tipo de
variables (relacionadas con la economia y con iglagl como determinantes de los
precios de C@ Entre las variables econémicas podemos considg&arda evolucion
del PIB puede tener un impacto sobre los precidsCd& (un incremento en la
produccion deberia provocar un incremento en laathela energética y por lo tanto un
incremento de los precios de @OAdemas podemos considerar el desarrollo de
actividades que pretenden mantener o aumentaoda@cion reduciendo las emisiones
y que seran fundamentales a la hora de establexerécios de equilibrio en la Fase |l

del EU ETS.

Por lo que se refiere a las variables climaticas muedan tener un efecto a largo plazo
sobre los precios del Godemos pensar en elementos como el nivel de egles
embalses (una reduccion significativa en el nivellas embalses puede producir una
reduccion de la produccién de electricidad hidcguly puede ser relevante para
determinar los precios de GQ@ largo plazo). Notese que en ambos casos estamos
hablando de variables que presentan cambios sig&mnen el largo plazo y por lo

tanto, no pueden utilizarse para analizar los detemtes de los precios del €én el
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corto plazo pero estan perfectamente justificadaa analizar los determinantes a largo

plazo del CQ.

Noétese ademas que hemos analizado los determirdmties precios de CQlesde el
punto de vista de la demanda. La razén principajuesla oferta en el EU ETS es una
decision politica y por lo tanto, las politicas |ids relacionadas con el cambio

climatico son también uno de los principales faetague inciden en el precio del £0

En lo que se refiere al capitulo 3, seria interesaansiderar la existencia de anuncios
no oficiales, tales como los publicados por PoiathGn, que pueden tener un impacto
en los precios de COpues son seguidos por un gran numero de partieipadel
mercado. La razéon principal por la que no hemosidenado en este analisis este tipo
de anuncios es porque queriamos analizar el impbetanuncio®ficiales sobre los

precios de C@

Con respecto al capitulo 4, disponer de seriesrdeigs mas largas nos permitiria
cambiar el horizonte temporal del inversor y coesid los intereses de un inversor a
largo plazo. Preguntas como si es financierameréeeisante para un inversor a largo
plazo invertir en activos con tan elevada volaitid podrian responderse si
dispusiéramos de series mas largas. Ademas, tand@da posible analizar las
propiedades de cobertura de estos activos para fraceée a la inflacion o a otras
variables macroeconémicas que cambian con peridéosempo mas largos. Otra
posibilidad seria introducir los rendimientos de,@Omo variable explicativa en los
modelos de valoracion para empresas que tienetivagevinculantes de reduccion de

emisiones.

Como conclusion general quisiéramos subrayar queéElél ETS ha conseguido

establecer un precio para las emisiones de @L®, como hemos visto, es fundamental
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para luchar contra el cambio climatico y es unola® principales objetivos del

lanzamiento de este mercado. Es verdad que dulariase | no se cred la escasez
suficiente en el mercado y por lo tanto el pretifinal de dicha fase fue muy bajo. Sin
embargo, aunque un precio bajo no consigue inGntima reducciéon de emisiones
suficiente, no hay que olvidar que, como destac@dmision Europea, la Fase | ha
servido para crear la experiencia necesaria paiitda que todos los participantes del
mercado consigan sus objetivos en la fase siguiBasde este punto de vista, la fase |

debe ser considerada como una fase piloto.
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RESUME

Ces derniers temps, l'importance que le changepiiematigue a sur notre société ne
cesse d'augmenter. Dans son dernier rapport pehli2g007, intitulé «Changements
Climatiques 2007: Rapport de Synthése», le Groom¥douvernemental d'Experts sur
I’évolution du Climat (IPCC dans son acronyme eglais) prévient qu’il n'y a pas de

doute sur les causes anthropiques du changemerdticjue. Dans ce méme rapport, le
GIEC exhorte les gouvernements a trouver une soluil'un des problémes les plus

importants du vingt et unieme siécle.

Une des réponses provoquée aussi bien par la néog'séténuation des changements
climatiques que par la celle de s’adapter a leaséquences les plus immédiates, a été
I'émergence d'un nouveau concept dans les socidbéernes: la Finance Carbone
(Carbon Finance, en anglais). Selon Labatt et WB66) la Finance Carbone examine
les solutions financieres pour vivre dans un maualenis a la limitation des émissions
de dioxyde de carbone et d'autres gaz a effet de,s#ans lequel ces gaz ont un prix.
Les marchés de carbone sont une partie importanta Binance Carbone, mais pas la
seule. Le mise au point de projets pour réduireétassions de gaz a effet de serre (de
nouvelles opportunités pour les stratégies de aesliternative) ainsi que certaines
politiques du gouvernement sont, entre d'autres pdeers fondamentaux de la Finance

Carbone.

Le rapport Stern (2006) souligne également la rsétéesl'établir un prix pour les

émissions de gaz a effet de serre. Selon ce rapgpmut étre en mesure d'articuler un
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systeme efficace, efficient et équitable face aangement climatique, il est nécessaire

de disposer de signaux de prix et donc de maranéanbone.

L'émergence et la formation du prix du carbone é pissible, entre autres raisons,
grace a l'une des plus importantes politiques matisvnales pour réduire les émissions
de gaz a effet de serre au niveau mondial, le Potdade Kyoto. Ce protocole est entré
en vigueur le 16 Février 2005. Il s’agit d’'un instrent juridiquement contraignant de
réduction des émissions qui établit, pour les pagsistrialisés qui I'ont ratifié, des

objectifs quantifiés. Ces réductions doivent aliein au cours de la période 2008-2012.
Toutefois, il existe trois mécanismes de flexiBilqui permettent de faciliter I'atteinte

de leurs objectifs par les pays.

Parmi ces mécanismes, nous devons considérerigelde quotas d'émission (article
17 du Protocole de Kyoto), qui a joué un réle ablcians le lancement du marché
européen des quotas d’émissions (EU ETS, dans samyane en anglais). Selon
Lowrey (2006), malgré le fait que les principauxeatifs de I'EU ETS sont (i) la
réduction des émissions de &£ii) la promotion des technologies propres, (iii)
I'efficacité énergétique, l'objectif qui paraitplus important est la création d'un prix de
marché pour les quotas d’émissions. La mise eream tel prix européen signifie que
les installations plus polluantes en termes de €@t conscientes des conséquences

financiéres de leurs activités polluantes.

L'EU ETS, est le marché financier pour I'environeeainle plus important au monde.
Par rapport au marché pour le S@méricain, 'EU ETS comprend un plus grand
nombre d'installations, et le montant des émissimuwertes par le marché, ainsi que la

valeur des actifs créés et distribués sont plugééleDans le cadre de ce régime, qui a
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été lancé le premier Janvier 2005, les installatienropéennes qui produisent une
quantité importante d'émissions de Q®©coivent de leurs gouvernements, par le biais
des Plans Nationaux d’Allocation de Quotas (NAPssdson acronyme en anglais), des
permis d'émission pour chaque phase de I'EU ETag®h et Phase Il). La Phase I,
considérée comme une phase pilote, comprend lesean?2005-2007, tandis que la
Phase Il coincide avec la période de conformité& d&eprotocole de Kyoto et, donc,
comprend les années 2008-2012. Les quotas d'émissit appelés par leur acronyme
en anglais des EUAs (European Union Allowanceggenettent I'émission d'une tonne
de CQ dans un pays de I'Union européenne. Grace a 'ES,H est possible, a
condition que les installations répondent a lelnjedaiifs de réduction des émissions a
temps voulu, de marchander les EUAs dans plusiearshés européens, aussi bien au

comptant, qu’en utilisant les contrats a termegtontrats d'options.

L’étude des marchés du carbone fait partie descpugations du domaine de la
finance. C'est pourquoi, depuis le lancement d& IETS, le nombre d'articles
académiques qui se sont intéressés a ces typeardbés ont connu une augmentation
considérable. Cependant, au début de cette théegae(Bbre 2005), il n'y avait pas
d’articles de recherche empirique qui examinaientcbmportement des marchés
financiers de C@ Par conséquent, I'un de ses principaux objeestsd'enrichir la

littérature dans ce domaine.

Cette thése est divisée en quatre chapitres. Chaxamine le marché européen des

émissions de C£sous un angle différent.
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CHAPITRE 1: La négociation de CG,

Plus précisément, le premier chapitre est intiill& négociation de CO2 » et son
principal objectif est de décrire I'état de la aiton des marchés de quotas. Depuis la
ratification du protocole de Kyoto par un grand moende pays, la négociation de
quotas d'émission s’est développée de facon cantupar conséquent, il existe un

intérét croissant dans I'étude de ce phénomene.

Toutefois, nous avons commencé ce chapitre paprigines de la négociation des
guotas d'émission au niveau européen. Tout d'almongs présentons le protocole de
Kyoto et le marché des droits d'émission comme ti@s trois mécanismes de
flexibilité. Ce chapitre explique quelles sont tBEérentes possibilités a la disposition
des pays qui ont signé le protocole de Kyoto, @ttaindre ses objectifs particuliers. Il
fournit également une description détaillée desedilif par pays et de leur état

d’accomplissement, en accordant une attentionquéigtre aux pays européens.

D'autre part, nous prenons aussi compte du faévgunt le lancement de I'EU ETS, il ya
eu plusieurs expériences de négociation de quatasssions dans plusieurs parties du
monde et nous fournissons quelques détails. Tastef&U ETS est, a ce jour, et
comme indiqgué auparavant, le marché le plus impbreu niveau mondial de
négociation de quotas d'émission de gaz a effeede. Par conséquent, il est important

de comprendre son fonctionnement, son articulat®on organisation.

Ainsi, une description détaillée de 'EU ETS eséware dans le présent chapitre. Dans
cette description nous considérons tous les aspeatgerts par la directive européenne

réglementant ce marché (2003/97/CE) et essayomsdiianer une vision aussi large
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que possible. Les sujets couverts comprennent detelws européens soumis a la
directive, les Plans Nationaux d'Allocation et samportance dans le processus de
développement du marché, la description du systdeenégociation et le rble du
superviseur européen de registres nationaux (Cortynladependent Transaction Log,
CITL dans son acronyme en anglais), I'obligation s#e connecter au registre des
Nations Unies (International Transaction Log, ITlans son acronyme en anglais) pour
pouvoir participer au marché international des asiotla nécessité d’assurer la
conformité des objectifs et la vérification des gsions réelles, ainsi que la discussion
sur la poursuite de 'EU ETS apres la période dégrggnent du Protocole de Kyoto

(c'est-a-dire, a partir de 2012).

Une fois expliqué le fonctionnement du marché destas en Europe, nous présentons
les différentes formes dont les quotas d’émissipesvent étre négociées. Nous
considérons le marché de gré a gré ainsi que leshémorganisés, a la fois les contrats
de futures et d’options. Nous décrivons les reglesnégociation dans chacune des
places de marchés sur lesquelles il est possibleédecier chaque type de contrat et
nous analysons I'évolution des prix dans les diffey marchés ainsi que les relations de
corrélation entre eux. Des informations concernast volumes négociés dans les
différents marchés ainsi que sur les deux PhaseBEte ETS sont fournies. Les

contrats au niveau international sont égalemermtiésu

De cette analyse, nous pouvons dire que I'évoludies prix est toujours tres semblable,
quel que soit le marché européen considéré. Ere,olgs niveaux de prix sont
également trés similaires. Ces caractéristiques$ mlamtifiées, si I'on considére la

Phase | et Phase II. En termes de volumes, le mangfanisé qui présente un plus gros
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volume est le marché a terme. La plupart de cefgociation se fait dans le marché
anglais, 'European Climate Exchange. Toutefois,plapart de la négociation au

comptant s’effectue dans le marché francais Bluenex

Néanmoins, puisque I'EU ETS n'est pas le seul néaceh s’est dérivé du mécanisme

de flexibilité du protocole de Kyoto, il est égalem intéressant d'examiner comment
s’effectue la liaison du marché européen avea§)marchés internationaux de quotas
d'émissions de gaz a effet de serre du protocol€yd¢o et, par conséquent, sous la
supervision de I'ONU et (ii) avec les autres mésraes de flexibilité du protocole de

Kyoto. Ces mécanismes sont essentiellement |'étioor de projets de réduction des
émissions promus par les pays qui ont ratifié tequole de Kyoto, dans un autre pays.
Le pays développeur du projet recoit un nombre weag e€quivalent aux émissions

évitées dans le pays dans lequel le projet a &&aipé.

Dans le cas ou le projet se déroule dans un pdya gson tour ratifié le protocole de
Kyoto le mécanisme de flexibilité s’appelle Mécamésde Mise en Euvre Conjointe
(J1, dans son acronyme en anglais). En revancims, ldacas ou le projet est développé
dans un pays non industrialisé, le mécanisme debiléé s’appelle Mécanisme de

Développement  Propre (CDM, dans son acronyme en laighg

Les quotas de gaz a effet de serre générés paprogts sont appelés unités de
réduction des émissions (ERUs, dans son acronymenghais) dans le cas du
Mécanisme de Mise en (Euvre Conjointe et réductianifiées des émissions (CERs,
dans son acronyme en anglais) dans le cas du Mécarde Développement Propre.
Comme dans le cas des EUAs, ces permis peuvennégreciés dans les marchés

internationaux ou peuvent étre utilisés pour athkeiries objectifs de réduction.
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Par le biais de ces mécanismes, les pays non iraisgts jouent un role tres important
dans la réduction des émissions globales de €&@0Oméme tems qu’ils bénéficient d’'un

certain transfert technologie.

Ce chapitre indique également gu'’il existe une deanariété de participants dans le
marché du carbone. Tout d'abord, nous considéemadteurs industriels directement
concernés par la réduction des émissions de leagepsus de production, mais il ya
aussi les courtiers et les institutions financigrgsi jouent un réle clé dans le
développement de ces marchés. En outre, nous degpimscompte de l'importance
dans ce marché de ceux qui sont impliqués danéJvelappement de projets. Ce type
d’acteurs augmente l'offre de quotas disponibles da marché lorsqu’ils introduisent

les quotas de réductions issus des projets.

En conclusion de ce chapitre, je tiens a souligeetains points: (i) 'EU ETS a réussit
a imposer un prix aux émissions de {Da donc atteint un de ses principaux objectifs,
(i) le volume négocié de tous les types de costratla fois au comptant que a terme
sont en forte augmentation, (iii) les contrats tikoys ont commencé a se développer
récemment dans des marchés organisés (a noteesjaeteurs du marché estiment que
la négociation d'un tel contrat dans des marchganisés est un signe de maturité du
marché a terme et aider également a créer unegpmle liquidité dans ce marché),
(iv) le marché secondaire des CERs est le segménseqdéveloppe le plus ; il est
estimé qu’il va beaucoup contribuer a I'équilibmgre I'offre et la demande dans les

marchés du carbone.



XXXIi Essays on CO

CHAPITRE 2: Prix du CO ,, Energie et Climat

Le deuxiéme chapitre est intitulé « Prix du £@nergie et Climat ». Comme nous
I'avons vu, l'un des principaux objectifs de TET et I'un de ses plus grands succes,
est I'établissement d'un prix pour le £Q'objectif de ce chapitre est d'étudier I'impact
de certaines variables climatiques et non climasqusur ce prix, et plus
particulierement sur les variations journaliérespdi@ du contrat a terme de G@n
2005 (la premiére année de la phase | de 'EU EP8)r ce faire, nous avons analysé
plusieurs modeles qui indiquent gu’il y a une dedal'influence des variables
énergétiques et des variables climatiques dansdeations de prix du C£ Comme
expligué ci-dessous, nous nous sommes fondés surhypothéses des modéles
théoriques et les suggestions formulées par lesiectiu marché pour nous guider dans

notre étude.

L'une des principales difficultés dans I'élaboratide ce chapitre a été l'absence
d'études empiriques dans la littérature scien@figqqui traite cette problématique.
Toutefois, au moment de la préparation de ce dgpit y a eu des explications
théoriques concernant la détermination du prix @i@ne ainsi que des articles basés
sur des simulations qui introduisent l'impact sacdnomie d'avoir un prix du GO
Aussi, depuis la création de 'EU ETS, des pubiiceat élaborées par des acteurs du
marché sur I'évolution des prix des émissions de €0OEurope sont apparues et il y
avait une idée de ce qui pourrait étre considénénoe des variables qui déterminent ces

prix.

La plupart des modeles théoriques qui traitentadgulestion de la fixation des prix des

quotas suggerent que les variables énergétiquss@ip certains facteurs climatiques
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peuvent influer sur le prix des quotas d'émissi@es facteurs, en général d'accord avec

les perceptions des acteurs du marché.

Les variables énergétiqgues que nous avons utiied dos modeles, sont les variables
les plus importantes au niveau européen: le Brere egaz naturel, tous les deux
négociés sur l'International Petroleum Exchang&)(I&nsi que les prix du charbon
publiée par le courtier traditionnel Financial Sees (TFS), en particulier TFS API 2
ARA. Dans tous les cas, nous avons utilisé leesate prix a terme qui était le plus
compatible avec la série de prix d’EUA utilisée Qarbon Indexpublié par le marché
allemand, le EEX). En outre, nous avons voulu eramliiimpact de la variation du prix
du gaz par rapport a celui du charbon et pour cecis avons créé une variable

supplémentaire.

En termes de variables climatiques, nous avonsuvprgndre en compte l'impact des
conditions météorologiques en Allemagne sur lex da CQ (allemands) ainsi que

I'impact du climat au niveau européen. Nous avamsstruit les indices de température
et de précipitations représentant les deux clinedt®ious avons analysé l'effet des
conditions météorologiques extrémes et persistap@gr chaque cas considéré

séparément.

Les résultats montrent que les variables qui onimpact majeur sur la variation des
prix des quotas de GGont Brent et le gaz naturel. En outre, il esdteivident du
point de vue statistique que les jours I'extrémdnobauds ou froids en Allemagne ont
eu un impact positif sur les prix du @O outefois, aucune influence statistiguement
significative sur le prix du COpeut étre soulevée du charbon (la source d'én&gie

plus intensive en émissions), ni de la variablergprésente la possibilité de changer de
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source de production d'énergie sur la base desrptatifs entre gaz naturel et le
charbon. En outre, toutes les variables statistigum significatives, présentent un
impact sur les prix du COdans le sens gu'il est prévu. Cela montre uneaicert
rationalité du marché européen des quotas d'émssians sa premiére année de
fonctionnement. C'est-a-dire, le prix du £terme refléte des conditions sous-jacentes
au niveau micro-économique et, par conséquentalemd des émissions de £@est
pas aussi irrationnel, au cours de cette périodente certains observateurs l'ont

suggére.

En plus d'identifier les variables qui ont eu ur’@&luence sur le prix du C@pendant
la premiére année de négociation, cette étude petrset également d’analyser les
relations entre les variables énergétiques etriassions de C¢ ainsi qu’elle permet

de clarifier la forme fonctionnelle entre les vates climatiques et de CO2.

Dans ce chapitre, nous ne voulons pas expligueiveau moyen des prix de G@ar

rapport aux expectatives, au cours de la périoadiés, I'objectif étant de centrer notre
intérét sur les variations du prix du €@u cours de 2005. Plus particulierement, il
s’agit d'essayer d’analyser la possible rationaib@s-jacente de la fagon dont sont

établis les prix du COpendant la premiére année de I'EU ETS.

CHAPITRE 3: L'impact des Plans Nationaux d’Allocation des Quotas

sur les Prix de CQ

Le chapitre 3 est intitulé « L'impact des Plansiddetux d'Allocation des Quotas sur les
prix du CQ ». Ce chapitre examine l'efficacité du marchésadebuts. La structure des

marchés de quotas et la législation européennenisaya les obligations des Etats
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Membres, fait que la publication d'informations cemant les différents aspects qui
peuvent avoir un impact sur les marchés de,@@ produit sporadiquement. Parmi ces
informations nous pouvons considérer celles (§diaux NAPs, documents produits par
les Etats Membres dans lesquels le montant totajudéas disponibles ainsi que son
affectation a chaque installation couverte par & EETS est établie, et celles liées
(i) aux annonces des émissions réelles veérifiedss précisément, ce chapitre étudie
I'impact des annonces officielles faites par la @ossion européenne qui concernent la
publication des NAPs et la vérification des émissioéelles sur les prix des droits

d'émission et de leur volatilité.

La maniere dont cette information atteint les méscleuropéens de GQ@ certaines

caractéristiques qui la rendent attrayante du pdetvue des académiques et des
participants du marché : elle est sporadique eraguit a de nombreuses reprises. Pour
réaliser cette étude, nous avons examiné la péd@igobre 2004 a Mai 2007, au cours

de laquelle plus de 70 annonces ont été enregistrés

Dans la littérature sur les marchés a terme, stexde nombreux articles qui utilisent la
méthodologie de ['étude d'événements afin de dé&ermcomment et quand
l'information atteindra le marché, dans une graratié¥®® de contextes. Selon
McKenzie et al. (2004) dans la littérature deuxe/ml'approches sont essentiellement
utilisées. Le premier consiste a estimer les vanatde prix anormaux a partir des
coefficients d’'une régression avec des variadl@smyqui représentent les jours ou
I'événement a eu lieu (voir par exemple ChristiedDand Chaudhry (2000), Lusk and
Schroeder (2002) and Simpson and Ramchander (2004))deuxiéme approche

consiste a utiliser le modeéle utilisant@®nstant Mean Adjust Retourn mqdelec ce
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modele vous obtenez des variations de prix anorreauxne période de référence (voir
Mann et Dowen (1997) et Tse et Hackard (2006)).sD@chapitre, nous avons utilisé
ces deux approches de la méthodologie de I'étudeédéments en utilisant des

variations de prix journalieres sur le contratrane du CQ.

Toutefois, les particularités de notre série dendes nous obligent a adapter la
méthodologie. D’'un coté nous sommes face a gramabre d'annonces tres proches
entre elles, et de l'autre coté elles ont un imgactune seule série de prix. Afin de
réduire au minimum les grandes surprises qui pduaeoir lieu dans la période de
prédiction quand nous appliquons le Constant Mealjust Return Model, nous
proposons d'utiliser a sa place, le modele de meyé&onqué, qui est une modification
du modele Constant Mean Adjust Return Model, maisofjtient les variations de prix

anormales en utilisant une moyenne.

C'est-a-dire, dans ce chapitre, nous avons adapt@éthodologie traditionnelle de
I'étude d’événements appliquée a d'autres marahascfers d'une part pour répondre a
certaines spécificités du marché des émissions@eeCd’autre part, cette adaptation
de la méthodologie nous permet de minimiser lee$osurprises au cours de la période

de prévision.

Les résultats montrent que les annonces relativeplans nationaux d’assignation (a la
fois des annonces de la phase | et phase Il) omtffen sur les variations des prix du

CO; le jour de l'annonce et, dans quelques cas ais cmg jours suivants. Cependant,
nous avons également détecté d'importantes vargatles prix dans les jours précédant

['annonce.
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En ce qui concerne l'impact de ces annonces suwlddilité, nous n'avons pas trouve

d'effet significatif avant ou aprés l'annonce.

D’aprés ces deux constatations, la présence demgris anormaux statistiquement
significative jusqu'a trois jours avant I'annonoaaernant les NAPs et I'absence d'effets
sur la volatilité lorsque linformation est divulge, indique qu'l y a eu fuite de

d’information avant I'annonce.

Ces résultats soutiennent la demande par la Eunopederation of Energy Traders
(EFET, 2006) a la Commission européenne suitgabiéication des émissions vérifiees
de 2005 qui a eu lieu en Mai 2006. EFET a expressédemandé que les informations
importantes qui pourraient avoir un effet sur léx piles émissions de GGsoient

exactes, finales, et publiées de maniere a ce lgg’eoient accessibles a tous les

participants du marché en méme temps

CHAPITRE 4: Prix de CO, et Gestion de Portefeuille

Enfin, le quatrieme chapitre est intitulé « Prix @©, et Gestion de Portefeuille ».
Comme nous l'avons vu, I'EU ETS est organisée en ghases. La Phase | a débuté en
Janvier 2005 et la Phase Il en Janvier 2008. Peikftransfert de quotas entre les deux
phases n’est pas autorisé, les actifs concernatguehPhase doivent étre considérés
comme des actifs différents. C'est a dire, les prixerme venant a échéance en
Décembre 2007, ne doivent pas coincider, et dey{ais2006 ne coincident pas, avec
les prix a terme avec échéance 2008. Par consecquerburs de la Phase | de 'EU
ETS deux types d'actifs qui représentent la perarissémettre une tonne de £@ans

I'Union européenne ont été simultanément négoteeglifférence entre les deux actifs



XXXViil Essays on CO

est la période de temps pendant laquelle 'émisd®rtette tonne de GQeut avoir
lieu. Notez qu’a partir d’avril 2008 la négociatiodes EUAs Phase | a complétement
cesseé et, par conséquent, l'intérét de I'étudeoessimplement d'observer ce qui s'est

passé pendant la phase pilote de 'EU ETS.

Pour ce chapitre il est également important de rnqtee, comme indiqué dans le
premier chapitre, les installations couvertes padirective 2003/87/EC (les grands
émetteurs de C ne sont pas les seuls participants qui peuvejtisgre a 'EU ETS.

Toute personne physique ou morale est autorisémr@ir on compte et a participer a la
négociation des quotas. Par conséquent, il esesgant d'examiner si le lancement de
'EU ETS a créé de nouvelles possibilités dinesstiment pour les participants qui
n‘ont pas l'obligation de réduire les émissiongsl@ic ne sont pas obligés d'utiliser

'EU ETS pour atteindre leurs objectifs.

Depuis la publication de I'article de Markowitz @rolio Selection » dans le Journal
of Finances, en 1952, de nombreux auteurs ont eséifeur intérét pour I'étude des
avantages de la diversification dans une grand@&éteade contextes. Par exemple,
Gribel (1968) et Eun et Resnick (1988), tententndatrer si un portefeuille diversifié
est préférable en termes de diversification si omswlére I'inclusion d’actifs d’autres
pays a un portefeuille qui ne les introduit pasvédiification internationale). Dans
d'autres cas, les auteurs ont étudié les poséibdie diversification lors de l'introduction
de nouveaux actifs. Par exemple, Ibbotson et Si€@6B84), Kuhl (1987) et
Chandrashekaran (1999), comparent les fonds diisgesnent immobilier (RITS) avec
d'autres possibilités d'investissement dans ledl@ttidier la capacité de ces actifs pour

améliorer la diversification du portefeuille (digdication des actifs). Pour un autre
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exemple voir des auteurs tels que Jensen et &2)2Gorton et Rouwenhorst (2004), et
Erb et Harvey (2006), qui analysent l'impact detrtiduction de certains indexes de
matieres premieres telles que le Goldman Sachs @alitynindex (GSCI) dans la

gestion de portefeuille.

L’objectif principal de ce chapitre est d’étudieeffet sur la diversification du
portefeuille qui peut étre provoqué par l'introdant des EUAs dans un portefeuille
diversifié. Les principales raisons pour lesqueltesis pensons que cette analyse est
particulierement opportune sont essentiellement (Quiéntérét des investisseurs dans
les marchés du carbone est en augmentation comstn(ii) la Phase | de 'EU ETS
vient de se terminer, il est donc possible d’effectune analyse sur les conséquences
pendant la phase pilote. Plus précisément, danshapitre nous tentons de décrire
I'effet de l'introduction de ce nouvel actif dams portefeuille diversifié au cours de la
Phase | de EU ETS. En outre, nous avons analys&deditions dans lesquelles
I'existence des EUAs augmente les possibilitésesitissement pour les investisseurs
européens au cours de la Phase Il de 'EU ETSrédsstats sont intéressants aussi bien

d'un point de vue académique que pour les partitspgu marché.

Pour la réalisation de cette étude, nous nous somi@essés dans un premier temps
aux caractéristiques des EUAs Phase | et Phasetdnt que possibles investissements
individuels. Nous avons constaté que les rendentastsctifs ne sont pas tres élevés et
gu’ils présentent un écart type assez élevé. aitdes deux actifs ont un faible ratio
de Sharpe (c'est notamment le cas de EUAs de laePhaPar conséquent, nous

pouvons en déduire que ce type de biens, en taimvgstissement individuel ne sont
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pas recommandés. Toutefois, si I'on considére emi@driations de prix des EUA pour

la Phase | ont été fortement négatives, nous paueowisager de vendre l'actif.

Ensuite, nous avons étudié I'effet de l'introduttite ces deux actifs séparément dans
un portefeuille diversifié, composé dinvestissetsetraditionnels et de variables
énergétiques. Parmi les actifs traditionnels naams pris en compte des obligations et
des actions. En ce qui concerne les obligations maons utilisé les prix a terme des
actifs les plus liquides en Europe : Euro SchatroBEolb, Euro Bund qui sont des
obligations avec une échéance de 2, 5 et 10 apsatégement. En ce qui concerne les
actions nous avons pris les prix a terme du Dovweddfuro Stoxx 50. Pour ce qui est
des variables énergétiques, nous avons utilisé Bssplus représentatives en Europe,
plus spécifiguement les prix a terme du gaz natweldu Brent négociés a
I'International Petroleum Exchange. Nous avons id@mée comme variable libre de

risque 'EURIBOR a un mois.

Par la suite, nous avons utilisé tous ces actife ponstruire différents portefeuilles
auxquels nous avons introduit les EUAs Phase lhes® Il afin d’étudier I'impact de
l'introduction de ces deux actifs dans la variaties prix et la volatilité du portefeuille.
Les pondérations des différents actifs que noussvdilisés pour construire les six

portefeuilles sont les suivantes :

Portefeuille I: 50% d’actions et de 50% d’obligaiso

Portefeuille 1l: 80% Portefeuille | et 20% de vdnlies énergétiques,

Portefeuille 11l: 80% Portefeuille | et 20% de €Phase |,

Portefeuille IV: 80% Portefeuille | et 20% G®hase I
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- Portefeuille V: 80% Portefeuille 1, 10% de variabknergétiques et 10% de
CO, Phase |,
- Portefeuille VI: 80% Portefeuille I, 10% de variablénergétiques et 10% de

CO, Phase Il.

Ainsi, en utilisant la méthode de Markowitz (1958)us avons obtenu la frontiere
efficiente pour chacun de ces portefeuilles. Nousna effectué cette analyse en
utilisant variations des prix historiques et vadas de prix ajustés en fonction du risque
pour obtenir les variations du prix espérées. Oaasdeux cas, les résultats sont tres

similaires.

Tout d'abord, nous avons pu constater que l'intrioln de quotas de G@e la Phase |
ainsi que de la Phase Il, peut augmenter l'ensendsdepossibilités d'investissement
pour les investisseurs qui avaient déja investisddes actifs traditionnels (actions et
obligations). Toutefois, les possibilités offerfw I'introduction des EUA Phase | dans
le portefeuille ont été plus importantes que cgligsentés par l'investissement dans des

EUAs Phase Il pendant la période d'échantillonragesidérée.

Si I'on considére un investisseur qui a déja upeésentation des variables énergétiques
dans son portefeuille, l'introduction d’EUAs Phdsaurait permis d'accroitre ses
possibilités d'investissement Toutefois, quelle goik la méthode utilisée pour obtenir
les variations de prix espérées, le résultat estlgyportefeuille qui inclut les variables
énergétiques permet d’obtenir des combinaisongsdae-variation des prix supérieures

a celle quicontient EUAs Phask.
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Enfin, ce chapitre aborde également la facon dihtire les EUAs dans le portefeuille
optimal pour lequel nous avons fixé un objectifrdedement de 3%, 5% ou 10%. Dans
ce cas, les résultats montrent que le poids dessEd#is le portefeuille optimal n’est
pas trés important et il est nécessaire, dansulgap des cas, de permettre les ventes a
découvert pour que les EUAs soient introduits deanportefeuille optimal. Cela est
particulierement le cas lorsque I'on considereHE#s Phase |, dans laquelle les prix

ont fini en 2007 a des niveaux trés proches de zéro

Commentaires finaux

Dans cette thése nous avons essayé de répondraiaeedes questions qui se posent
suite a la création de marchés d’échange de quaeta3Q. Ces questions concernent
essentiellement le fonctionnement des marchésddétserminants des prix du GO
I'évaluation de I'efficacité de ce nouveau mardhéi gue les implications de I'existence
de deux nouveaux actifs (EUAs Phase | et EUAs PHBselans la gestion de
portefeuille. Nous avons essayé de répondre riggeraent a ces questions qui

concernent a la fois les académiques, les partitspggu marché et les régulateurs.

Puisque les séries de données disponibles lorsgquge avons commencé cette these
n'était pas tres longues (un an de données padeudgieéme chapitre, deux ans pour le
troisieme et trois pour le quatriéme), nous avotigsé tout au long de la these des
outils de I'’économétrie non-paramétrique ce quisnaupermis d'éviter de faire des
hypothéses sur la distribution des variations deségpartir de CO2. En outre, dans le
chapitre 3, nous avons d{ adapter la méthode atoifigités de notre cas particulier et

dans le chapitre 4, nous n'avions eu d'autre clopi® d'envisager la gestion de
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portefeuille utilisant EUAs avec un horizon d’intissement a court terme. Par
conséquent, I'extension naturelle de cette thésé'eeeaminer de plus longues séries en
considérant des périodes historiques plus long@eda n'est possible qu'avec le
développement de 'EU ETS et des autres marchémationaux d’échanges de quotas.
D'autre part, le chapitre 1 doit étre constammerst anjour, surtout si nous tenons
compte le fait que la préparation de la phase #II'@&U ETS et les négociations

internationales sur le post-Kyoto se développdintesure actuelle.

Dans le cas ou nous disposerions de séries de ptwix longues, nous pourions
envisager d’introduire de nouvelles variables (Bd¥conomie et le climat) en tant que
déterminants du prix de GOParmi les variables économiques, nous pouvorbegtsi
I'évolution du PIB a un impact sur les prix du @ne augmentation de la production
devrait conduire a une augmentation de la demarideemjie et donc a une
augmentation du prix du G Nous pouvons également envisager le développemen
d'activités qui visent a réduire des émissions @g Gut en conservant la production.
Ces activités seront essentielles dans la fixaliomprix d'équilibre dans la Phase Il de
'EU ETS. En ce qui concerne les variables climagg qui peuvent avoir un effet a
long terme sur les prix du GOnous pouvons considérer par exemple des élértedats
que le niveau de I'eau dans les barrages (une trédwignificative du niveau d’eau
dans les barrages pourrait produire une réductienlad production d'électricité
hydraulique et donc étre déterminant pour I'étalelisent du prix du C£a long terme).
Notez que dans les deux cas, nous sommes en gaiansidérer des variables qui ont
d'importants changements a long terme et ne pewt pgas étre utilisées pour analyser
les déterminants des prix du €@ans le court terme. Ceci dit, elles sont toutié f

justifiées dans I'analyse des déterminants desdui€Q a long terme.
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Veuillez noter que nous avons analysé les détemtsraes prix du CO2 du point de vue
de la demande. La principale raison est que l'offies EU ETS est une décision
politique et donc limportance des politigues pgidis liées aux changements

climatiques sont aussi I'un des principaux factéffgant sur le prix du CO2.

En ce qui concerne le chapitre 3, il serait intggies de s'interroger sur I'existence des
annonces non officielles, telles que celles publipar Point Carbone. Ces annonces
peuvent avoir un impact sur les prix de r elles sont suivies par un grand nombre
de participants du marché. La principale raisonrpaguelle nous n'avons pas pris en
considération ces annonces dans cette analysei@stagyis voulions analyser l'impact

des annoncesfficiellessur le prix du CQ

En ce qui concerne le chapitre 4, une série de g longue nous permettrait de
changer I'horizon temporel de l'investissementreinpre en considération des intéréts a
long terme. Des questions commeest-il financierement intéressant pour un
investisseur d'investir & long terme dans un aotéc une volatilité élevée ?pourrait
étre analysé avec des séries plus longues. En, duteerait également possible
d'analyser les possibilités de couverture du risdimflation ou d'autres variables
macro-économiques de ces nouveaux actifs. Ceshlegiahangeant avec des périodes
plus longues, nous avons besoin de séries depli@ longues. Une autre possibilité
serait d'introduire les variations des prix du G tant que variable explicative dans
les modeles d'évaluation des entreprises qui abbgectifs contraignants de réduction

des émissions.

En conclusion nous tenons a souligner que I'EU ETi®ussi a fixer un prix pour les

émissions de CY Comme nous l'avons vu, ceci est indispensabée latle contre le
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changement climatique et il s’agit d’'un des priacip objectifs du lancement de ce

marché. Il est vrai qu’il n’y a pas eu assez detéadans le marché européen de, CO
pendant la Phase | et par conséquent le prix ia ldef cette période était tres proche de
zéro. Comme prévu, un faible prix ne peut pas erag®ar une réduction des émissions
suffisante. Toutefois, comme indiqué par la Commis&uropéenne, la Phase | a servi
a créer l'expérience nécessaire pour permettreus kes participants du marché

d’atteindre leurs objectifs dans la prochaine phBgece point de vue, la Phase | devrait

étre considérée comme une phase pilote.
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INTRODUCTION

Climate change is having an increasing importance dur society. The

Intergovernmental Panel on Climate Change in thetfloassessment report entitled
“Climate Change 2007: Synthesis Refolktads no doubt about the anthropogenic
source of Climate Change and urges governmenisdoafsolution to one of the most

important global problems of the XXI century.

Additionally, in order to face the consequencesQGlimate Change, society has
incorporated a new concepfarbon Finance Following Labatt and White (2006),
Carbon Finance explores the financial implicatiafidiving in a carbon constrained
world, a world in which emissions of carbon dioxaled other greenhouse gases carry a
price. The carbon markets are an important pa@asbon Finance but not the only one.
The development of projects to reduce greenhousemissions (alternative investment
opportunities strategies) or specific governmerlicigs are some of the other basic

pillars of Carbon Finance.

The importance of establishing a price for carbonssions is also underlined by the
Stern (2006) report in which the author emphasikasin order to foster an effective,
efficient, and equitable response to climate chapgee signals and markets for carbon

must be created.

The formation of such a price has been motivatedrmy of the most important global
politics to diminish greenhouse gas emissions:Kieto Protocol. The protocol came

into force on 18 February 2005. This protocol fixes legally bidinmission reduction
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targets to those industrialised countries that hawiéed it for the period 2008-2012.
However, three flexibility mechanisms are allowadirder to facilitate the compliance
of the reduction objectives. Among them we find Esions Trading (art.17 of the
Kyoto Protocol) that has played a crucial roleagilitating the launch of the European
Union Emission Trading Scheme (EU ETS). Followingwtey (2006), although the
main objectives of the EU ETS are the reductiorrofssions and the promotion of low
carbon technologies and energy efficiency, perltapsnost important objective is the
establishment of a market price for allowancessTheans that European gémitting

installations are aware of the financial conseqasrut their polluting production.

The EU ETS is the largest environmental markethim world exceeding the US $0O
trading program in several areas such as the nuafhbestallations, and the quantity of
emissions covered and the value of assets createdistributed. Under this scheme,
officially launched on T January 2005, the European £l@rge emitting installations
receive from their government, through the Natiordlocation Plans (NAPS),
allowances for each of the two Phases of the EU Bfthise | and Phase Il). Those
allowances can be traded in several spot, futunelsogptions markets, whenever the

installations fulfil their reduction targets at tbeheduled time.

The study of the carbon markets is at the heaftnahce, and since the start of the
EU ETS, the number of academic articles lookinthatmarkets has experienced a huge
expansion. However, at the beginning of this dissien (September 2005), there were
no research articles that studied from an empipoatt of view the financial behaviour
of the European carbon markets. One of the objestof this dissertation is to fill this

gap in the financial literature.
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The dissertation is organized in four chaptersheate analysing the European carbon

market from a different point of view.

Specifically, chapter 1 is entitledCO2 Trading” and the main objective is to actualise
the state of the COmarkets. This chapter deconstructs all the simijigs of carbon
trading and specifically the particularities of lwan trading in Europe. We present the
origins of carbon trading, being the Kyoto Prote@rid having emission trading as one
of its three flexibility mechanisms. We also illtede, for those countries that have
ratified the Kyoto Protocol, what the possibilitie for reaching their reduction targets
and we present the state of compliance of AnnexoBntries and particularly the
European countries. Before describing the EU ETSIepth, we look at allowance
trading experiences prior to its launch. Additidypa detailed idea of carbon trading is

given both in Europe and in other parts of the diorl

Chapter 2 is entitledCO, Prices, Energy, and WeatherThe aim of this chapter is to
focus on the C@daily returns during 2005. Specifically, we stuttg effect of those
weather and non-weather variables that academicnzarttet agents consider as the
major determinants of CQprices. One of the main difficulties of this chaptvas the
absence of empirical studies in the scientificréitere on this matter. There were,
however, theoretical explanations for the determimadf carbon prices and articles
based on simulations that introduce the impactha économy of having a price for
carbon. Additionally, since the creation of the EUS there have been publications by
market agent participants about the evolution afoRean carbon prices, and thus, an
idea existed as to which variables could determar®on prices. The results show that

the energy variables are the principal factorshim determination of CfOprices, and
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that only extreme temperatures influence them. #altilly, the study will allow us not
only to gain insights into the relationship betwesrergy-related variables and £0
prices, but also to shed light on the functionahfdetween weather variables and,CO

returns.

Chapter 3 is entitledThe Impact of National Allocation Plans on G®rices”. The
release of information in carbon markets at itdyestate has some attractive features
for both academics and traders: it is unschedupdradic and numerous. In this
chapter we have considered official announceménatsdre (i) made by the European
Commission, (ii) related to the National Allocati®hans (the documents elaborated by
Member States where the total cap of allowancetxed), and (iii) related to the
verification of real emissions, in order to analyzeir impact on carbon prices and their
volatility. We have considered the period from Qeto 2004 to May 2007, during
which time more than 70 announcements were reledsethis chapter, we have
adapted the methodology used for other financiatketa from bibliographies for
futures markets and we have adapted it to our nekdgarticular, to face the
specificities of the C®@market, and to minimize big surprises during tmedjction
period, we propose the Truncated Mean model which inodification of the Constant
Mean Adjust Return model in which the abnormal meguin the estimation period are
obtained using a truncated mean. The results itelitet news has an influence on
carbon prices on both the announcement day andemnops days. Additionally, we
find no effects of news on returns volatility. Bdthdings suggest a systematic leakage

of information to the market in almost all typeseokents.
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Finally chapter 4 is entitledCO, Prices and Portfolio ManagementIn this chapter,
we analyse both the characteristics of the EUAss@haand Phase Il as a sole
investment and the impact of including those tweetss considered separately, in
various diversified portfolio made up of severamtmnations of traditional investments,
energy variables, and G®hase | and Phase Il. Since the interest of inve# carbon
markets is constantly increasing, jointly with ttaet that Phase | of the EU ETS has
just finished, the moment to study the impact aluding those assets in a diversified
portfolio is timely. Hence, our first goal is toguide a description of the repercussions
of this new asset on portfolio diversification cmlesing Phase | of the EU ETS. As
well, we will also analyse under which conditiohg existence of these new assets (the
EUAs Phase | and Phase Il) will enlarge the investinopportunities for a European
investor in Phase Il of the EU ETS. We have perfminthis analysis using the
Markowitz (1952) methodology. We find that everhié weights of EUAs are not too
important when incorporating the EUAs in an optiraadl well diversified portfolio, the
efficient frontier shows an increase of the invegtossibilities. Finally, we find that in

most of the cases it is indispensable to allowsfwrt sales.

We would like to add that we have faced two maiffiadilties during the realisation of
this dissertation that apply for all the chaptdiise first one is related to the absence of
long series of data that have usually limited ttuel of this market to a short run point
of view, making it difficult to obtain results fone long run. This is particularly the case
for chapter 2 and chapter 4. In the first case atailability of data does not allow the
introduction of variables such as the state of #wenomy or other climatologic

variables that vary over long periods of time sashthe percentage of water in the
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reservoirs. In chapter 4, the availability of dakaes not allow the studying of the

benefits of portfolio diversification from a longrim investor point of view.

The second difficulty has been the absence of aifspdibliography of empirical

analyses of carbon markets. Thus, we had to admpirtethodology used in other
finance contexts in order to find solutions to tngestions about the EU ETS. For
example, in chapter 3 we focused on Futures FiahiMarkets in order to analyse the
informational efficiency of the EU ETS, and in ckeqp4 we have centred our attention
on the bibliography that focuses on the introducid alternative investments such as

the Real Estate Investment Trust in traditionatfpbos made up of stocks and bonds.
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CHAPTER 1

CO, Trading
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1.1. INTRODUCTION

Since the ratification of the Kyoto Protocol by axge number of countries, carbon
trading has been expanding continuously and thasirtterest in studying this new
phenomenon. Several previous experiences with @nisdlowance trading had taken
place around the world before the start of the peam Union Emission Trading

Scheme (EU ETS). However, the EU ETS is, at thegire the largest emission trading
scheme not only in terms of installations but atsterms of real emissions considered,
and consequently it is important to understand o organized. Nevertheless, it is
also interesting to consider how it is linked witime other United Nations carbon
markets and with the other flexibility mechanisnfstloe Kyoto Protocol (the Joint

Implementation and the Clean Development Mechani$ral lead to other types of
tradable allowances (Emission Reduction Units aedtifcate Emission Reductions,

respectively). The objective of this chapter isdi&construct all the particularities of

carbon trading and, specifically, to analyse thmitkeof carbon trading in Europe.

The remainder of the chapter is organized as fadlolm section 2, we present the
origins of carbon trading. First of all, we intrastuthe Kyoto Protocol and emission
trading as one of the three flexibility mechanismastablished to facilitate the

accomplishment of the emission reduction objectivasl thus we explain, for those
countries that have ratified the Kyoto Protocol,aivthe possibilities are for reaching
their reduction targets. We also show the stataoipliance of Annex B countries and
particularly the compliance of the European coestrFinally, we present the allowance
trading experiences prior to the launch of the EISEIn section 3, the EU ETS is

described in depth. Section 4 gives a detailed afezarbon trading. After we present

carbon trading in Europe, we explain OTC, spotures and options trading. In
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section 5, the linking of the European carbon miarkeith the other United Nations
markets and the trading of Kyoto credits is takato iaccount. Finally, section 6

concludes and makes some final remarks.

1.2. CARBON TRADING ORIGINS

1.2.1. The Kyoto Protocol

The Kyoto Protocol is the international responselimate change. It was approved in
the 3 Conference of the Parties of the United Nationanfawork Convention on
Climate Change (UNFCCC) in December 1997 but it miad come into force until
February 2005. The reason for such delay was hieakyoto Protocol had to be ratified
by at least 55 Parts of the Convention, includimg developed countries representing
55% of their total emissions in 1990. This conditawas accomplished when Russia
decided to ratify the Protocol and consequentlg, Klyoto Protocol finally came into
force with the agreement of 141 countries. In addito those countries, others have
studied, approved or will study the Protocol. Notet the largest greenhouse gas
emitter, the USA, which represents 25% of total ssmoins and 40% of developed

countries’ emissions, has not yet ratified the KyBtotocof:

By ratifying the Kyoto Protocol, Annex | countri¢hose countries in Annex | of the
UNFCCC and thus, that have signed the conventicaRenthe commitment to reduce
their global greenhouse gases emissions by at 38agif the emissions in 1990 in the
commitment period from 2008 to 2012 (Art. 3 of #goto Protocol). The greenhouse
gases, listed in the Annex A of the Protocol, asebGn dioxide (C@), Methane (Ch),

Nitrous oxide (NO), Hydrofluorocarbons (HFCs), Perfluorocarbons GBF and

! For updated information on the state of ratificati of the Protocol, please see

http://unfccc.int/kyoto_protocol/background/statok ratification/items/2613.php.
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Sulphur hexafluoride (S Nevertheless, a measure unit, £Zfuivalent tonnes (CO

e), has been constructed in order to indicate tlobat) warming potential of the
different greenhouse gases. £@& then, the reference gas against which other
greenhouse gases warming potential is measureditidwhdly, the Kyoto Protocol
emission reduction of 5% is distributed among th@t§ Protocol Annex B countries
and thus it contains legally binding emissions etsgfor them. The percentage of
reduction targets for those countries for 2008-2312hown in Table 1. Note that the
European Union-15 is considered as a whole in tatdProtocol. European countries
have distributed their reduction targets in thedearsharing agreement. The greenhouse

gas emission reduction targets for the Europeamtties are also shown in Table 1.

[Please, insert Table 1].

Note that although the Kyoto Protocol considery@single commitment phase, in the
11" Conference of the Parties of the Convention, wtimbk place in Montreal in
December 2005, a new working groupds established to discuss future commitments
for developed countries for the period after 2012dditionally, in the United Nations
Climate Change Conference in Bali that took placenfthe & to the 14' December
2007, a roadmap was established in order to ddal elimate change. Among other
things, this meeting launched a new negotiatiorcgss with the purpose of establishing
a post-Kyoto agreement to reduce greenhouse gassiems around the world. This

negotiation process will last until 2089.

2 See http://unfcce.int/meetings/cop_11/items/338@.pfor  further information on the Montreal
Conference.
% See http://unfcce.int/meetings/cop_13/items/4049 for more information about Bali's conference.
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Kyoto Protocol Flexibility Mechanisms.

With the intention of facilitating the accomplishnteof the emission reduction
objectives, the Kyoto Protocol establishes thresifflility mechanisms that allow for
the diminishment of the overall cost of achievinmigsion targets. These three
mechanisms are the Joint Implementation mechaniandef art.6), the Clean
Development mechanism (under art.12), and Emissioading (under art.17). The first
two mechanisms consist of the execution of emissemtuction projects that lead to
different types of units. Those units make the @pldligible for compliance with the
reduction obligations. Each unit allows for the sesion of one metric tonne in G@

terms.

Specifically, the Join Implementation mechanisn) ¢dinsists of the realization, by an
Annex | country, of emissions reduction projectaimother Annex | country. In return
JI projects lead to Emission Reduction Units (ERthst can be used by the Annex |

country promoting the project to meet its emissitamgets under the Kyoto Protocol.

The purposef the Clean Development Mechanism (CDM), as expldiin the Kyoto

Protocol, shall be to assist Parties not included in Anner lchieving sustainable

development and in contributing to the ultimateeshiye of the Convention, and to
assist Parties included in Annex | in achieving pbamce. The idea is the same as Ji
but instead of implementing the project in an Antheountry it is implemented in a
developing country. In this case, units called @ied Emission Reductions (CERS) are
generated and will be used by the Annex | courdgrgdhieve compliance. In the CDM
projects the achievement of sustainable developrdoenion Annex | countries is as
important as the reduction units generated by tbhggts. The CDM projects have to be

approved by the Executive Committee of the CDM Hofar projects (which is the
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institution that issues the CERS). It is importanhote that although the Kyoto Protocol
does not impose emission reduction commitments ewveldping countries, those
countries play a crucial role in global emissiomlugtions by means of the Clean
Development Mechanism of the Kyoto Protocol. As der and Ambrosi (2007)

pointed out, the development of this mechanismemms$ of countries involved and
volumes of emission reductions is very importard #@ris in constant expansion. As a
result, the purpose of this mechanism is largetgirzed for both types of countries.
However, those projects that allows for significgains in terms of emission reductions
are not always those that allow for higher growththe regions where the project is

undertaken.

The third flexibility mechanism, the Emission Tragimechanism, offers the possibility
to trade all different units among countries. Imiéidn to ERUs and CERSs, other types
of units can be used in order to achieve compliamitle the Kyoto Protocol. Among

those units we find on the one hand, Assigned Arhbalnits (AAUS) that are received

by the governments of each country depending offixexl target, and on the other
hand, there also exist Removal Units (RMUs). Thgpes of units are issued on the
basis of land use, land-use change and forestiyites, they are often referred to as
“sinks” and, although they are also eligible forg@iance, they are not traded even in
the case where they are issued from a project.ll¥;intaere exists another type of
tradable allowance. We are talking about Verifiedigsions Reductions (VER). The
particularity of those units is that they cannot umed by the countries to achieve
compliance with their Kyoto Protocol targets. Thesés are issued from projects that
may or not follow the CDM projects requirements dinely are traded in the voluntary
market. Following Taiyab (2006), the voluntary mne&trkconsists of companies,

governments, organisations, organizers of intesnati events, and individuals taking
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responsibility for their carbon emissions by vohniy purchasing carbon credits. This
is generally done through companies that invesprinjects (not necessarily CDM
projects) and that sell small amounts of VER. lis ttase, the project developers have
more freedom to invest in small-scale communityeldagrojects, lending for important

benefits in terms of, for example, local econormagalopment or biodiversity.

In Figure 1, the relationship among the flexibilihhechanisms of the Kyoto Protocol is

presented.

[Please, insert Figure 1].

Additionally, in the squares with small dots, wadithe description of the European
Union Emission Trading Scheme (EU ETS) integratiomder the emissions trading
mechanism of the Kyoto ProtocbIThis picture shows that all units can be used for

compliance or traded among countries and/or conegani

The Registry Role.

The main condition for an Annex | country to beeabd trade the different tradable
units is to be eligible. The exact meaning of begfigible is that the specific country is
able to use international emissions trading und#écla 17 of the Kyoto Protocol. Once
fully eligible, an Annex B country can transfergaae or use ERUs, CERs, and AAUs
in order to achieve its targets. One of the requéets to be eligible is to establish a
registry where the Assigned Amount Units, the nesifon in the emissions markets
and the units achieved by means of CDM and JlI prejare registered. The balance of
this registry will be compared to the real emissiohthe country in order to determine

if there has or has not been commitment of the &yaljectives. At the end of the

4 The EU ETS will be described in section 1.3.
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period, each country would surrender and cancehtimber of permits that equals its
real emissions. Note that banking allowances (itwester of allowances from one year
to the year after) between the years of the comentnperiod (2008-2012) is allowed
by the Kyoto Protocol. Thus, the Kyoto inventorysmn for each country can be

mathematically expressed as follows:

> E = Commitment
R=AAU + ERU+CER+P-S+RMU +B
<E = Penalty=P*(E-R)

WhereR is the balance of the allowances regiskerepresents the Purchases in the
allowance marketS is the SalesB is the result of banking, anfl is the verified
emissions. A government’s possibilities to haveowdinces are reflected by the
variables in the left hand side of the equation.t@nright hand side of the equation we
find the real emissions. Consequently, there ismament with the Kyoto Protocol
only in the case wherR > E. If there is no-commitment with the Kyoto Protqcthle
country will have to pay a penalty for each exti@,@ tonne emitted. All trades are
supervised by the International Transaction Lod.JIWhich is the central administrator
and guarantees the realization of all trades uodeain criteria. The ITL went live on
14" November 2007 and thus, it has been ready sineebéginning of the Kyoto

compliance period.

The UNFCCC publishes actualized data on the GraegehGas inventories for Annex |
countries. The latest report consists of the inmeées$ for the year 2005. In Figure 2-A
the Kyoto Target for Annex B countries, the chamgeeal emissions between 1990 and
2005 in percentage terms and the distance to thetoKRrotocol Target, also as a

percentage, are shown. In Figure 2-B the sameblasaare shown for the European
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countries’ In all cases we present the greenhouse gas imeswithout considering

land-use, land-use change and fore%try.

[Please, insert Figure 2].

The situation of the different non-European Annexc8untries referring to the

challenges of the Kyoto Protocol is very differéialgure 2-A). On one hand, there are
some countries such as Canada, New Zealand anditénstein that have increased
their emissions by more than 20% within the ped®80-2005. At the other extreme,
Ukraine has reduced its emissions by more than &pared to its base year. If we
have a look to the European Countries (see FigiBg #ve see that countries such as
Spain, Portugal, Greece, and Ireland have incret@@demissions by more than 20%.
On the other side, countries such as Rumania, Balgastonia, Lithuania and Latvia

have reduced their emissions by more than 40%.

The main conclusion is that the Annex B countriehveconomies in transition had
drastically reduced their emissions while the m#stountries had increased them. The
case of Spain is particularly complex. Its targettd increase its emissions by a
maximum of 15% of 1990 emissions but the increass waiready 52.3% in 2005.
Although the difference between the Spanish vetigenissions and its target is one of
the largest ones, Spain is not one of the biggagitprs in the world. Countries such as
the USA, Russia, Germany, Japan, among others, rami¢ CQ-e per capita than

Spain.

> Note that the real emissions of Turkey are nos@meed as they are included in Annex | countrigs bu
not in Annex B countries.

® See http://unfccc.int/ghg_emissions_data/itemgJ3&tp for updated information on Greenhouse Gas
inventories.
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Another possible analysis consists of comparingctienge in the real emissions with
the Kyoto Protocol target of each country. We haweated a new variable called
“Distance to commitment of Kyoto Protocol” which tke difference between the
increase in the real emissions and the Kyoto talyetegative result in this variable,
means that the country has emitted less greenhgasealuring the period 1990-2005
than its Kyoto objective. This type of country ipatential seller of C®e allowances.
On the other hand, a positive result of the subbtraanust be interpreted as the country
having exceeded its target. The countries in thaatson, such as Spain, Austria, and

Luxemburg, are potential buyers of &®allowances.

In Figure 2-A and Figure 2-B, we can see cleart the countries that have drastically
reduced their emissions (on the left hand sidehefdgraph) are those that have better
fulfilled their commitments and even have a widergira to participate in the
international emissions trade as sellers of allamganOn the other hand there are other
countries, such as Spain, that have considerabigased their emissions from 1990 to

2005 leading to a deficit of allowances for thesertries.

1.2.2. Previous Allowances Trading Experiences

Before the implementation of the Kyoto Protocol ahe first use of the trading
allowances mechanism, there have been many otiperierces with trading different

types of allowances.

In the United States, there have been programadiace the use of lead in petrol (inter-
refinery trading was allowed and also banking), cantrol Acid Rain (the main
objective of the program was to reduce sulphur simis from power plants in the

United States), and to help control emissions of & NQ (the regional clean air
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incentives market program known Reclaimwas established in Los Angeles). Finally,
California’s South Coast Air Quality Management t&’'s objective is to reduce

emissions from business and industfies.

There are also trading schemes related to the mmsssf acid precursors in Europe.
For example, The Netherlands and Slovakia, havadlieginding emission caps of acid
precursors and, in order to help them to meet thegets, they have introduced trading
schemes. For example, in the case of Slovakiaraldable allowances market started in
January 2002. The objective of the program is tluce the S@emissions in 2010 to
36% of the emissions in 1999. The permits are dedhered (the allocation is based on
the historic emissions of each concerned compargin fthe central government
(Environmental Ministry) to the districts and thienthe companies. The penalty in case
of polluting more than assigned is about 140 epaysexcess tonne. In the UK, there is
a trading system on the packaging waste. To fth# European legislation, the UK
Government has created the packaging recovery(R&H) to verify that companies do
packaging. In fact, the PRNs are traded as a fdravidence of having met packaging

obligations and are presented to the relevant ggenc

Additionally, due to the interest in promoting rerabdle energies in Europe, the White
Paper for a Community Strategy and Action Plan,liphbd in November 1997,

established that a percentage of the energy prdduught come from renewable
sources. In that context, some countries, includiialy, the Netherlands, Sweden, the
United Kingdom, Finland, and Denmark have createtlable renewable energy

certificates. The objective is that a plant thatduces a bigger percentage of renewable

" See http://www.epa.gov/airmarkets/progsregs/adpsirhtml for further information about the US acid
rain programme, http://www.agmd.gov/reclaim/reclditml for information about the U$Reclaim
program, and http://www.agmd.gov/ for further infation about California’s South Coast Air Quality
Management District program.
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energy can sell to another plant a part of thatgreage to allow the latter to meet its

commitment$

Trading has also been used in other contexts wies@urces are vulnerable to human
activity. An example of this is the individual tsferable quotas in fisheries, which are
used in New Zealand, Canada, Iceland, the Neth#s]ahe UK, Denmark, Portugal and

Italy.

Related to climate change and before the creatiaheo EU ETS, the UK created a
trading scheme, the UK greenhouse gas emissiomgragheme, which is part of the
UK climate change programme. The UK emissions tigqdicheme was launched in
March 2002 and ran until December 2006, with firedonciliation in March 2007.

Thirty-three organisations ("direct participantst’ the scheme) voluntarily took on
emission reduction targets to reduce their emiss@against 1998-2000 levels. They
committed to reducing their emissions by 3.96 milltonnes of C@e by the end of the

scheme.

The Danish C@e emission allowance scheme, a cap and tradensydtsigned and
operated by the Danish Energy Agency, started 89 Ehd covered the large electricity
producers in Denmark. The nine largest emittershim electricity-generating sector
represent more than 90% of the total %£80 emissions from that sector, and
approximately 30% of total Danish GHG emissionse Tifitial permits were allocated
to firms according to their historical GHG emisslemels between 1994 and 1998 and a
penalty of DKK 40 (~EUR 5.30) was applied for evemgtric tonne of C@e that was
emitted beyond a given firm’s individual cap. Theheme has been superseded by the

new European greenhouse gas emission allowandagrescheme from January 2005.

® The white paper was published in the European Gegiom communication COM(97)599. It can be
found at http://www.managenergy.net/products/R26.ht
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In Australia, under the New South Wales Greenhdbas Abatement Scheme, from
1*' January 2003 and with the objective of reducingeghouse gas emissions to 7.27
tonnes of C@e per capita by 2007, electricity retailers anueotparties were required,
by legislation, to meet mandatory targets for réuythe emission of greenhouse gases
associated with the production and use of eletyridio achieve the required reduction
in emissions, eligible parties purchase and sugetichdable certificates called New
South Wales Greenhouse Abatement Certificates. feah the Scheme sets individual
benchmark reductions of greenhouse gas emissiorsatih participant based on their
contribution to the supply of electricity. In thase that the participant emits more £0
e than its objective a penalty of AUD 10.50 pern@rof CQ-e above its benchmark

must be paid.

Most of the programs commented above are widelyietu in the European
Environment Agency (EEA) technical report n® 8/200arket-based instruments for
environmental policy in Europe”, the EEA technigaport n°® 1/2006: “Using the
market for cost-effective environmental policy” atidy are also analysed by Boemare
and Quirion (2002). Specifically, Boemare and Quiri(2002) comment on some
similarities and differences among programs andarfynd out which are the lessons to
be applied in the EU ETS. For example, they confinat most of the programs work
with registration transfers and allow the bankinfy alowances, they consider
monitoring and effective sanctions as crucial magms in the success of a program

and they underline that the US Acid rain progrand h@awer costs than the most

® For further information, please see http://wwwegreousegas.nsw.gov.au/.
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optimistic forecast. The authors also study the @dswo companies, BP and Shell that

had established trading systems to reduce thesonis™

As commented before, apart from the schemes createdrder to facilitate the
achieving of the objectives of reducing greenhogas emissions under the Kyoto
Protocol, another phenomenon related to carbonitsreéds started recently. We are
talking about thevoluntary market The Chicago Climate Exchange (CCX) has
organized a voluntary trading scheme in the USAXGE&nitting members make a
voluntary, but legally binding, commitment to meenual emission reduction targets of
all six major greenhouse gases. The trading of @akoon Financial Instrument (CFI)

contracts facilitates the compliance.

1.3. THE EUROPEAN UNION EMISSION TRADING SCHEME

The EU ETS is the application of the third flexityilmechanism of the Kyoto Protocol
at the European level. The scheme officially sthiféJanuary 2005 and it is divided in
two Phases. Phase | corresponds to the periodngtdrt January 2005 and finishing
31" December 2007, and Phase Il coincides with thetdy@rotocol commitment
period and consequently goes frothJanuary 2008 to $1December 2012. The Phase
1l will probably start on I January 2013 and finish in 2020. The EU ETS isafrthe
most important policies at the European Union leeehchieve compliance with the
Kyoto Protocol. The EU ETS is the largest emissrading scheme not only in terms of

allowances distributed but also in terms of the benof installations covered.

The EU ETS is a Cap and Trade system, in the dbasé¢otal emissions are limited or

‘capped’ and the excess allowances can be traadseeuvdr, as it will be linked to the

1% For further information on the BP trading Systese ¥ictor and House (2006), and on Shell and BP
see http://www.environmental-finance.com/2003/080#pshell.htm.
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United Nations carbon markets, the EU ETS will wllfior more permits (ERUs and
CERSs) to enter into the system. It is regulatedhey2003/87/EC Directive, amended by

the Directive 2004/101/EC.

As pointed out by Kruger et al. (2007), it is hafnetween a wholly centralized and a
completely decentralized system. On the one hahnd, central administrator, the
European Commission, decides the structure of dtmerse, the participants in the
market, and the gases whose emissions should heagdOn the other hand, the
Member States fix, through the National AllocatiBlans (NAPs) approved by the
European Commission, the national cap, and thegatk the emissions cap among the
installations covered by the 2003/87/EC Directielditionally, the monitoring, the
verifying of real emissions and the reporting of tiational compliance of the Kyoto
Protocol is also done by Member States who musttpaily inform the European
Commission. Member States also decide about thethe&wllowances are distributed

and the possibility of banking allowances amongseba

Not all the sectors in the economy producing,Gfnissions are regulated by the
2003/87/EC Directive and thus, not all of them grate in emission trading. In fact
the Directive applies to those companies belongiogthe following activities:
combustion plants, oil refineries, coke ovens, @od steel plants, and factories making
cement, glass, lime, brick, ceramics, pulp and papeose sectors are called trading
sectors and are different from the non-trading @sec(such as the residential and
transports sectors). The distribution of the défarsectors in the economy into trading
and non-trading sectors is susceptible to changes. example, at the moment,
discussions are taking place in order to decideidtion will be included in the trading

sector and if so, how it would be regulated. Nbt tn all cases, even if the compliance
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of the trading sectors is assured by companiestl@aompliance of the non-trading
sector by Member States, the final parties resptsgor meeting the obligations are
the Member States. As the Member States are regporigr all the emissions in the
country, and the Kyoto objective is consideredlobgl terms, they should allocate only

a part of their total Assigned Amount Units.

If we come back to Figure 1, we are now in a coeodito understand the compliance of
the Kyoto Protocol by the European Union countri®és.we can appreciate in this
figure, the companies under the Directive only ysedrder to achieve compliance of
their target reduction during 2005-2007, the EU ETHis is explained by the fact that
Phase | of the EU ETS was over-allocated and thi& grices were very low, making

inefficient the use of other units of the Kyoto | (ERUs and CERS) to achieve
compliance in Phase I. Note that in theory, it \a® possible for Phase | of the EU
ETS to use the other two flexibility mechanismsaaese the ITL was already launched.
However, from January 2008, it will probably bei@ént to use CERs and ERUs for
compliance. Note that both the ERUs and CERs caohbained by the companies

either through the realisation of projects or Wia secondary market.

1.3.1. The National Allocation Plans

Following the 2003/87/CE Directive, the allocatiohallowances is done through the
NAPs and thus this is the “cap” part of the EU EE&ch Member State in the EU has
to submit its NAP to the European Commission farheaf the Phases considered in the
Directive. The elaboration of the NAP requires thath Member State must decide ex-
ante how many allowances to allocate in total ftnading period. It has also to decide
how many allowances each plant covered by the EmmissTrading Scheme will

receive per year of the compliance period. The ZBWEE covers over 11.500 energy-
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intensive installations across the EU, which repmésclose to half of Europe’s
emissions of C@ The allowances distributed to the companies @u/doy the
2003/87/EC in the EU ETS are called European Udibowances (EUA). Each EUA

allows for one tonne of CQequivalent to be emitted.

The Directive establishes that a minimum of 95%heftotal allowances allocated must
be freely allocated for Phase I. This percentageedsiced to 90% for Phase II. The
other 5% (10%) is auctioned. Nevertheless thisilg a lower limit and it is incumbent

on each Member State to determine the exact anudwaiiowances freely allocated and

how it proposes to allocate thém.

The NAPs has to be presented to the European Caiomiat least 18 months before
the start of the Phase. Upon receipt of a compgikte, the Commission has 3 months
for its assessment. All Phase | NAPs were submittethe European Commission
during 2004 and 2005 by all Member States. The fgean Commission adopted
decisions on all countries’ plans. Member States thasubmit their Phase Il NAPs to
the Commission by 30 June 2006, including the &troh in percentage terms of the

surrender limit for JI/CDM credits.

By early September 2007, all Phase Il NAPs had hmewided to the European
Commission and on October 2007 all the Europeanrfiission Decisions were already
published. Only in the cases of Denmark, Franaeyakia and the United Kingdom did
the Commission respect the cap proposed by thetrwesinin all other cases the cap
was reduced. In the case of 11 countries (AudBidgium, Finland, Germany, Greece,
Ireland, Italy, The Netherlands, Portugal, Spaimd &weden) the cap was reduced by

less than 10%. However, there are countries suchithgania, Latvia, and Estonia

! See Ellerman and Buchner (2007) for a discussiotne Allocation process.
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where the cap was reduced by around 50% from treuanproposed by the country.

The rest of the countries’ caps were reduced bydxt 60 and 85%.

The total allowed cap is around 11% less thanailtytiproposed by the countries. Note
that in the case of Phase Il NAPs, the Europeanmiesion takes into account the
2005 real emissions when deciding about the ndtiomps. The sum is 74.3 million
tonnes of C@e per year less than 2005 verified emissionsrderoto show the interest
of the European Commission in reducing Europeaargreuse gas emissions, we point
out that the European Commission has allocatedPf@ase Il 216.67 million tonnes of
CO,-e per year less than the allocations for Phaé@able 2 presents the assessments

of the European NAPs.

[Please, insert Table 2].

In order to present a graphical idea of which coeastrepresent the largest part of the

allowances distributed, we have elaborated Figure 3

[Please, insert Figure 3].

As we can appreciate in Figure 3, six European tmsrepresent more than 65% of
the total allowances distributed in Europe. The imgortant country in this sense is
Germany (22%), followed by the UK (12%). Polan@lyt Spain, and France are the
countries that follow. As we may expect, those @s® the countries with the highest

verified emissions for the year 2085.

21n order to make the amount allocated in PhasedlRhase Il comparable, 216.67 does not take into
account the Phase Il caps for Romania and Bulg@hia.reason for such choice is that those countigbs
not have Phase | NAPs.

13n the third chapter of the dissertation the imgHdhe publication of information related to NAR4|

be studied in detail.
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1.3.2. The Trading System

As in the case of the Emission Trading mechanismeurthe Kyoto Protocol, the
EU ETS is organized into accounts transactions.hBdember State has its own
registry where the balance of the allowances oh eammpany is capturéd.For the
moment the different registries are linked to th@m@hunity Independent Transaction
Log (CITL). The CITL oversees the European regisygtems that are standardized
under European legislation. Its mission is to yeefich deal done in the European
market. If it finds an irregularity, the trade wilbt take place until the irregularity has
been solved. Nevertheless, all registries will in&dd to the United Nations carbon
markets and will be integrated in the internatioredistry system under the Kyoto
Protocol (the ITL). The European Commission hasdisthed April 2009 as the
deadline for the European registries to be linkedthte ITL. At this moment, the
European countries will be eligible to use the tseftom the JI and CDM in order to
achieve compliance. The European registers alréiaélgd to the ITL are those of
Austria, Czech Republic, Hungary, and United KingddAdditionally, the registries

from Japan, New Zealand, and Switzerland are aiged to the ITL*

As the trading is a purely electronic system andlisvances are reflected in accounts,
in order to participate in the organized emissialiswance market it is necessary to
have an account in the market where the transaetibintake place. In that market

register, the purchases and sales for each pamicgre shown. It is important to note

that not only the companies covered by the 200B@BMirective are able to participate

*In March 2008 there were still 2 registries ofli(Bulgaria and Romania). For updated information
about the registry status see http://ec.europareisdmment/ets/registrySearch.do.

!> For more information, see the press release “Kyrtocol Parties move closer to trading emission
allowances” Vienna, 30 August 2007 on the Unitedidwes Framework Convention on Climate Change
web page.
http://unfccc.int/files/press/news_room/press_redsaand_advisories/application/pdf/070830_press_rel
itl.pdf.
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in the organized market. Every natural and leged@eis authorized to open an account

and participate in the emissions market.

1.3.3. Monitoring of Compliance

To supervise the commitment of the objectives, tharopean Community has
established that each Member State must supermeeuibmission of a satisfactory
emissions report of the previous year’s verifiedissons by each operator not later
than 3£ March of the following year. For example, the 20@Sified emissions report
must be presented by 3March 2006. If this report is not presented oitifs not
considered satisfactory, the company will not ble &b proceed to new trades until this
condition is satisfied. Additionally, each companyst surrender the allowances of the
previous year not later than"3@pril of the following year so that they are calfes.
For example, 30 April 2006 was the deadline to surrender the adlowes of the year

2005. Figure 4 depicts this process graphically.

[Please, insert Figure 4].

In the case the allowances are not surrenderedatpef €40 (€100) would be applied
in Phase | (Phase Il) to the company for each eQ@ae tonne emitted. In order to
differentiate the emissions trading from a tax db,€ emissions, the penalty of €40
(€100) is a penalty with restitution which meanattthe payment of the penalty does
not release the company from presenting the alloesorresponding to its emissions.

The “payment of the excess emissions penalty shallaease the company from the
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obligation to surrender an amount of allowancesadao those excess emissions when

surrendering allowances in relation to the follogioalendar year *°

As indicated in the 2003/87/EC Directive (art. 1) member state must cancel the
allowanceghat are no longer valid and that have not beerrenulered and cancelled
The Phase | allowances are no longer valid fourthwafter the beginning of the first
five-year period (the Phase Il of the EU ETS), wahiseans that they are cancelled'30
April 2008 and they are no longer valid in May 2008e Directive allows the Member
States to replace those cancelled allowances watid \allowances. That is, the
Directive allows banking between periods and giwbe Member States the
responsibility to decide if banking is possiblegractice. Among all Member States
only France and Poland decided to allow bankinghatbeginning, although France
later renounced it. Therefore, in general, the camgs cannot do banking between
Phase | and Phase Il of the EU ETS (between thesy&@07 and 2008) and no one

expects the existence of banking in the future.

Related to borrowing between Phases, it is geryenall allowed, even though we have
seen that it depends on Member States. Howeversttheture of the EU ETS and
particularly the penalty with restitution leads ttee existence of implicit borrowing
between these two Phases. The implicit borrowingasluced if there is no compliance
in the last year of Phase | (2007). That is, thalmer of allowances surrendered in 2008
that corresponds to the real emissions in 200aller than the verified emissions. In
this case, the company has the obligation to pay#nalty and make restitution of the
right number of allowances. As this informationkisown after 38 April 2008, and

thus, after the allowances of the Phase | have baecelled, the only possibility is that

16 Article 16(4) of the 2003/87/CE Directive.



28 Essays on CO

the restitution of the allowances after the penaltgone with allowances from the next
Phasé’ Consequently, in this case there exists implicitrdwing between Phases.

Nevertheless, as we will see in the next sectibasP | allowances finished the Phase |
period at a price around zero and thus there wastarest in borrowing between Phase
| and Phase Il of the EU ETS (note that Phase IA&Prices were around 20 euros in

March 2008).

1.3.4. Post 2012 EU ETS

Before finishing with this part of the chapter, wkould just add that the European
Commission has made a proposal for a Directivdi@furopean Parliament and of the
Council amending Directive 2003/87/EC in orderrtgprove and extend the greenhouse
gas emission allowance trading system of the ConitmifhThe main amendments
concern, on the one hand, the emissions reduchmtioves of the Community, and on
the other hand, the methodology to distribute th@vances among the installations.
Related to the first group the objective reductiareat least 20% below the 1990 levels
by 2020, and 30% provided that other developed trms commit themselves to
comparable emission reductions and economicallyenaolvanced developing countries
contribute adequately according to their resporldibs and respective capabilities.
With respect to the method for distributing theoadnces, auctioning will probably be

used the most.

In contrast to Phase | and Phase Il of the EU Hii®@n 2013 onwardsthe basic
principle for allocation should be auctioning, whi¢s the most economically efficient

system Finally, the allowances issued from 1 January 2013 onwahndd be valid for

7 Article 13 (2-3) of the 2003/87/EC.
18 2008/0013 (COD).
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emissions during periods of eight years beginningloJanuary 2013Thus we may

expect that the EU ETS will continue in Phaserihi 2013 to 2020.

1.4. CARBON TRADING IN EUROPE

In this section, we focus our attention on theeddht possibilities of trading EUAS in
Europe. The possibilities vary from Over-The-Counf®TC) to organized markets
trades. In both cases a wide variety of contractsuaed. Note that as has already been
said, banking is not allowed between Phase | anaséHl of the EU ETS and,
consequently, there exist in Europe two differdetiaassets that can be traded in the
EU ETS: EUAs Phase | and EUAs Phase Il. As we iNktrate, this difference is

significant. This fact will be important in chapfiewr of this dissertation.

It is important to highlight that in those markétere are a wide variety of participants.
Thus there are industrial agents that are directlgcerned with the COemission

reductions, brokers and finally, financial instituis, among others.

1.4.1. Over-the-Counter trading

The first carbon trades in Europe were OTC tratlastbok place even before the start
of the EU ETS. The European Energy Exchange (EExh<calculated an index of
OTC forward carbon pricesalled CO, Index or European Carbon IndexThis index
was published on each trading day fronf' Z5ctober 2004 to 3DNovember 2005. The

index was a volume-weighted average price of OTi@wdiod trading activities of market
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participants with delivery until 3bApril 2006. Additionally, other OTC carbon indexes

have been created by the London Energy Brokersddiaton (LEBA)®

Specifically LEBA also calculates three indiceseThst one, th&eEBA Carbon Index
is calculated every trading day using the volumeghted average of EUAs trades
transacted by LEBA member firms and takes into aotall carbon deals transacted
with delivery on ¥ December 2007,%1December 2008, and' December 2009. The
second one is theEBA 0800-1000 Carbon Indexhich takes into account all carbon
deals transacted with delivery ori' December 2007, 1 December 2008, and 1st
December 2009 between 8 a.m. and 10 a.m. Finaly,EBA Carbon Index Spaoakes
into account all carbon deals transacted with éejivon spot T December 2006,°1
December 2007, and™IDecember 2008. TheEBA Carbon Indexthe LEBA 0800-
1000 Carbon Indexand theLEBA Carbon Index Spdtave been published since™30

May 2005, i November 2005 and £&anuary 2006, respectively.

We have compared in Figure 5-A the Europ€d Indexfrom EEX with theLEBA

Carbon Index SpdiLEBA(])), and theLEBA Carbon IndeXxLEBA(II)).
[Please, insert Figure 5].

If we compare the EEX Carbon Index, which referpiices traded for Phase | of the
EU ETS, with the LEBA (I), which also representsaBé | prices, we can appreciate
that both prices behave really similar. The prictarted at about €6 before the
beginning of the EU ETS and in January 2005, wienBEU ETS was launched, they
were around 8 €/tCO They stayed relatively stable until February 2006en the

prices increased reaching a peak (29.10 €@® 11" July 2005. The prices decreased

9 The LEBA is comprised of 10 members who provideetage for all key product groups in the energy
sector: oil, gas, power, coal and emissions.
20 See http://www.leba.org.uk for further information the LEBA members and index.
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and stayed in the 20-25 €/tg@ange until December 2005 when a bullish period
started. Another peak was reached ofi April 2006 when OTC Phase | forward prices
were above 30 €/tCOSuccessive decreases brought the carbon prides tange 15-
20 €tCQ. On 18" September 2006 a decreasing tendency starteavthatl not stop
until the end of the publication of the Carbon bd8d" November 2006). On"7
November 2006 the OTC Phase | forward prices defety dropped below the 10
€/tCO, barrier and on "3 April 2007 the barrier of 1 €tCOfor the first time by the

LEBA (1), which was traded until 30November 2007 at 0.04 €tGO

The LEBA (ll) prices publication started December 2006 at a level of 18.89 €/4CO
and its evolution was similar to the Phase | OTicgs until 2 December 2007, when
a bullish period started. Those prices reachedak g8 June 2007 of 24.60 €tGO
while Phase | prices were at a level of 0.29 €4C&ince then the OTC Phase Il prices

have moved in a range between 20 and 25 &tCO

1.4.2. Trading in Organized Markets

The organized markets in Europe started with theEHS. The European Commission
considers that the number of markets trading EUAsukl be appropriate from the
point of view of the agents participating in thefrhis means that each country can
create its own market or that different platfornigrading can be organized. Therefore,
although there is a unique European emissions radka the point of view of what is

being traded, the trade can be done through diffemearkets around Europe. In all
those markets the underlying asset is the EUA @hasd Phase II) but the contracts

that can be traded are slightly different.
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There exist several organized market places in feurwhere it is possible to trade
EUAs. Specifically, EUAs can be traded in spot mnetgksuch as BlueNext (Paris),
Energy Exchange of Austria (EXAA, Vienna), Nord P¢Oslo), European Energy
Exchange (EEX, Leipzig), and Gestore Mercato Htett(tGME, Romef. There is also

a pan-European platform called Climex Alliance vehiéehas been possible to trade spot
contracts since July 2005. Furthermore, Nord P&alropean Climate Exchange
(ECX/IPE, London) and EEX (jointly with Eurex sinB8 December 2007, Eurex/EEX)
have listed futures contracts with EUAs as the dgiolgy commodity and BlueNext
will launch the EUAs Future contract in a near fatuNote that in all carbon futures
markets, there are listed futures contracts forsPhaand Phase Il of the EU ETS with
the exception of BlueNext that will launch this ¢&ypf contract once Phase | is already

finished and, consequently, it will only list Phdk&utures contracts.

In spite of the fact that the EU ETS started drddnuary 2005, the first trade in an
organized market took place on"™af February 2005 and it was a futures contract in
Nord Pool. The first spot contract was traded irKE& March 2005. It is important to
note that the only possibility for spot trading itigr Phase | of the EU ETS, that is,
during the years 2005 to 2007, was Phase | EUAstlatdit was impossible to trade
spot Phase Il EUAs. The explanation is that withtbet Phase Il allowances delivered,
no Phase Il EUAs spot trade can take place, andltbeances can not be delivered
before the Member States have been granted finabagl of their installation-level

allocation plans.

“l Note that BlueNext was a part of Powernext at lileginning of the EU ETS. The Powernext's

Extraordinary General Assembly on *2IDDecember 2007 ratified the purchase of Powernext's
environmental activity, Powernext Carbon and PoertrnWeather, by NYSE Euronext. These

environmental activities are now housed within Blegt, an entity created with Caisse des Depots.



Chapter 1: CQ Trading 33

The European Commission fixed thé"@8ebruary 2008 as the deadline to allocate the
allowances among the companies. However, as repdryeReuters (28 February
2008) only 2 countries met the European commissieadline of 28 February and
were able to distribute their allowances: Austma @enmark. Additionally, as pointed
out by Tendance Carbon, only less than 3% of thed tllowances were allocated by

28" February 2008

The first spot trade for Phase Il in the EU ETSktptace in BlueNext on 26February
2008. Nord Pool will launch spot trading for PhaisEUAs on 15" April 2008 while
Phase | EUAs will be interrupted in this market3ii March 2008. Additionally, EEX

will launch Phase Il spot trading in June 2008 (®Giarbon 7 March 2008).

Finally, on 13" October 2006, the ECX launched the first optiomtxts in an
organized market The alliance Eurex/EEX also launched a EUAs optiontract on
14" April 2005%* It is important to underline that all those masketre based on
accounts transactions, and thus it is compulsohate a registry in the specific market
in order to participate in it. Remember that anyura or legal person is allowed to

open an account in those registries.

Spot Contract Characteristics and Price Evolution.

The spot contract that can be traded in the difterearkets is very similar. In all
markets the delivery is physical (there is a trangéfom one account to another) and

takes place between 24 and 48 hours later. Theotitite contract is always one EUA

2 See http://bluenext.eu/fic/000/032/248/322485.futfthe complete Tendance Carbon num. 23, March
2008.

23 Eor additional information about these markets theeofficial web pages of the carbon markets in
Europe: BlueNext (www.bluenext.eu), EXAA (http:/leraa.at/), EEX (www.eex.com/en), ECX/IPE
(www.europeanclimateexchange.com), Nord Pool (wwawdpool.no), CLIMEX (www.climex.com) and
GME (http://www.mercatoelettrico.org).

24 For more information on this news, see http://wawvexchange.com/about/press/press_562_en.html.
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but the size of the contract differs from one marke the next. In BlueNext and
Nord Pool the minimum size of the contract is 18@thes of C@equivalent while for
EXAA and EEX the minimum size of the spot contrisconly one tonne of C£e. In
GME the minimum size of the spot contract is 50tnts of C@-e. The minimum tick
in all cases is €0.01. With the exception of theABX where the trade is only once a
week, in the other spot markets the trade is frooméihy to Friday. Panel A of Table 3

collects the main characteristics of each spot Btark

[Please, insert Table 3].

Additionally, we present in Figure 5-B the evolutiof spot prices. We can appreciate
the evolution of all spot price series has beeliyrsanilar to the evolution of the Phase
| OTC forward prices. This means that independeuoitlthe market used, the prices for
the Phase | of the EU ETS had been homogenousalhd Europe. In our sample
period, there are only four days of trading spoagehll, and the levels are similar to

those of Phase Il OTC forward prices.

Futures Contracts Characteristics and Prices Eviolut

The similarities of the futures contracts that ¢entraded in the different European
markets are absolutely the same in terms of cdantsae (1000 tonnes GCk2),
minimum tick (€0.01), and trading days (from MondayFriday). However, the ECX
offers much more variety for expiry contracts datesrex/EEX offers only December
futures contracts for each of the EU ETS years §€hdutures contracts are those of
December 2005, 2006 and 2007 and Phase Il futumesacts are those of December

2008-2012). Nord Pool offers December and Marchtreats for both Phases, while

% Additional trading days are possible in EXAA ahéy are announced two working days in advance.
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ECX proposes contracts with monthly expiry datesmfrSeptember 2006 to March

2008.

Additionally, block trades, Exchange for PhysidaFP) and Exchange for Swaps are
available for ECX. The block trades allow the mersb® bilaterally negotiate ICE
futures contracts without first revealing the orderthe market so long as the order
meets or exceeds a minimum volume threshold (5&r&cts in the case of ICE ECX
CFI futures or options). The EFP is used to miggdie OTC risk exposures by
registering the OTC positions with the ICE futufesclearing by the London Clearing
House Clearnet (LCH.Clearnet). The counterpartggseathat they wish to transfer an
OTC position with an on-exchange futures positibime EFP position in the ECX CFlI
futures contract created is equivalent (in termsatime, size and sense) to the OTC
position. Note that the underlying asset in an E~B physical contract. The EFP is
used by market participants to clear OTC forwardtiaxts. Finally, the EFS contract
works in a similar way to the EFP. The differensethat in this case the underlying
asset is a financial contract. This mechanism regaly utilised to clear OTC options
and swaps contracts. In Table 3, Panel B, the etznacteristics of the futures markets

in Europe are summarized.

Additionally, in Figure 5-C, the most representatiutures prices, both for Phase | and
Phase II, are presented. Again we find that Phasiee behaviour is similar to the spot
and OTC Phase | prices and Phase Il is analogotietspot and OTC Phase Il prices.
As we can appreciate in this Figure 5-C, futuresgsrfor Phase Il behave in a similar
way to futures prices for Phase | until”?ApriI 2006. Around this date the Phase | -
Phase Il prices spread started to increase. Thketndecided that the fundamentals of

Phase | prices are not the same as of Phase It@mskquently the prices evolve in a
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different manner. As commented before, Phase éprilecreased drastically around this
date. In contrast Phase Il prices decreased bunaolidexceed 18.5 €/tGQuntil 3¢
March 2006. Since then, Phase Il futures pricesendn the range of 15-20 until 14
May 2007 when prices broke the cap and moved mo20-25 range until the end of

the sample period.

Correlation Analysis among Markets.

As we have observed in all figures of Figure 5r¢he a huge similarity in the trends of
Phase | OTC forward prices, spot and futures pri€as similar trend between figures
can also be confirmed with a cross correlation y@mslin prices (Panel A of Table 4)

and returns (Panel B of Table?).
[Please, insert Table 4].

All the contemporary correlation coefficients atatistically significant at the 5% level.
The positive and significant correlation coeffidenindicate that all markets are
strongly correlated and all of them incorporate itifermation in a very similar wa3/.

We find the same results when comparing the spdtthe Phase | future prices that
continued being traded after MNovember 2005. Related to Phase Il prices, the
correlation is also high even if it is smaller tharthe case of Phase | prices. Note that
the few negative correlation coefficients in pricasd returns correspond to the
correlation of contracts of different Phases. Thgatations of BlueNext (ll) with the
other markets are not statistically significanteTéxplanation is that we only have five

prices and four returns of BlueNext (Il) and thilg results are not representative.

% The returns have been definedan(P/P.,), whereP, is the price series at tine

27 As trading in the EXAA market only takes place ere week, it has been eliminated from the
correlations of prices and returns as the numbebsérvations is very small. Climex Aliance and GME
have also not been included since not enough dataailable.
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Volume Analysis.

In terms of volume, measured in tonnes of,Cthe most important market of spot
contracts is BlueNext (73%) and the most importaatket for future contracts is ECX
(96%). Figure 6 shows the total volume of the EUSEANd the volumes of futures and

spot markets.

[Please, insert Figure 6].

Additionally, as we can appreciate in Figure 6,tbkime of EUAs traded with futures
contracts is much higher than those traded in poé sarket. Moreover, the Phase I
contract has become the most traded one, repregefPb of the total futures traded.
Note that the OTC volume considered in this pictigpresents only the trades done

through the LEBA members.

Options Trading.

In addition to spot and futures contracts, sinc€ C&tober 2006, it has also been
possible to trade options on EUAs futures in theXECThe trading is done from
Monday to Friday, the delivery is physical and th@imum contract size is 1000 tGO
There are 55 strike prices automatically listed éach contract month covering the
price range from €1 to €55. The contract monthstlaeelast contract of each quarter
(March, June, September, and December) from 20020b2. Additionally, the
Exchange may add one or more strike prices ne@rdise last price listed as necessary.
Note that the strike price intervals are €1. Thaoms are exercised into ICE Futures
ECX CFI EUAs futures contracts and are Europeale gtyercise. In Table 3, Panel C,

the main characteristics of the options trading@X are summarized.
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1.5. LINKING WITH UNITED NATIONS CARBON MARKETS

As we have seen in the previous sections, followting ratification of the Kyoto
Protocol, it is possible for European countriesige, together with the EUAS, the CERs
and the ERUs to comply with its emission reductiobkgations for Phase | or Phase I
of the EU ETS? Following the linking Directive (2004/101/EC), axder to use those
units, the Member States have to give their peionsthrough the NAPs. If permission
is given, the Member States will also have to dgna on how many CERs and EURs
can be surrendered as a percentage of allocatian,gdobal terms at installation or at
the national level. In Table 2 the limit allowedr feach European Member State is

presented in terms of percentage of total emis$mma008-2012.

The units CERs and ERUs may be obtained both bydakzation of the project for
emissions reductions (JI and CDM, respectivelythoough the secondary market. The
importance of the agents that participate in tladailation of projects via CDM or Jl is

increasing as they are potential sellers of CERISERUS, respectively.

As in the case of the EUAs, it is possible to tradeRs via OTC trades or in organized
markets. There are no OTC indexes, as in the ch&as, that reflect CERs and
ERUs OTC forward prices, and, consequently, itds possible to reflect the behavior
of those prices. Nevertheless, it is also posdiblerade CERs in organized markets.
Nord Pool has offered future contracts on CERsesihne 2007, and ECX since™4

March 2008. Figure 7 presents the evolution ofGE&Rs futures prices at Nord Pool.

[Please, insert Figure 7].

8 Note that although there was the possibility te tiee Kyoto project based mechanisms for compliance
of Phase | objectives, it was not economicallyreséing due principally to the low EUAs prices la¢ t
end of Phase I.
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As we can appreciate in Figure 7, the evolutiothef different CERs futures contracts
in Nord Pool has been quite similar. In additidreyt behave in a similar manner to the
December 2008 EUAs future contract traded at ECMowever, note that even if
EUAs are exchangeable with CERs and ERUs in tefm®mpliance, and we might
think they are a perfect substitution, there arpdrtant differences between EUAs and
the units issued from projects. First of all, thexy@ source of uncertainty related to the
units the project will lead to. Secondly, the petege of units each country will allow
to use in order to achieve the Kyoto target asragmage of the total units assigned
will not be made public until all Phase Il NAPs kalveen accepted by the European
Commission. Finally, it will not be possible torisder these types of units until the ITL
is working perfectly and all countries are linkeal it through the United Nations
framework. All those reasons explain why the CERsires prices at Nord Pool are
some euros cheaper than the EUAs traded at ECXle\VEhlAs have been traded since
June 2007 in a range of €18 to €24, the CERs hege begotiated in a range of €14 to
€19. However, all those risks are becoming lesemainn and we should expect that in

order to avoid arbitrage opportunities, the diffexe should start to narrow.

The market of CERs is in an expansion period beitviblumes in organized trading are
still small (see Figure 7). In addition to the pb#sy to negotiate in Nord Pool and
ECX futures contracts for CERs, Bluenext will labnimn the near future spot and
futures trading of CERs issued by the Executive @ditee of CDM Board for projects
selected on the advice of BlueNext's Expert Comaritind ECX will launch an option

contract on CERs. Additionally, from $6March 2008, it will be possible to trade

% This is also supported by a correlation analysisrg those variables. The correlations both ingsric
and returns are statistically significant and pesitin all cases they are higher than 50%.
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futures on CERs on the Eurex/EEXIn Table 5 the characteristics of each of those
contracts are presented. In Panel A (B), we pretismttrading rules for the spot

(futures) contracts. In Panel C the trading rutgsoptions contracts are shown.
[Please, insert Table 5].

There are several expiry dates for the CERs futcoesracts that vary among markets
(see Panel B in Table 5). In the case of Nord Piaie are December and March
futures contract from December 2005 until Decen®&t?2, in the case of ECX, the

expiry of the contracts is in the last month oftegaarter (March, June, September, and
December), and in the case of BlueNext, it is @ugsible to trade December futures
contracts from 2008 to 2012. In all cases the eamtdrare daily traded, the trade is done

in lots of 1000 CERs, and the minimum tick is €0.01

The main characteristics of the option contract thidl be traded in the near future in
ECX are presented in Table 5, Panel C. The tradisasdaily, it is done in lots of 1000
CERs, and the minimum tick is €0.01. The optioreseercised into ICE Futures ECX
CFI CERs futures contracts and have European-stgecise. Additionally, 55 strike
prices are automatically listed for each contréotre are contracts for each of the final
months of the quarter) covering the price rangmf&i to €55 (note that the strike price
intervals are €1). Finally, the exchange may adel @nmore strike prices nearest to the

last price listed if necessary.

Other than in Europe it is also possible to tratlAk and CERs. The Green Exchange
has offered, since f”March 2008, the possibility to trade futures onAstand CERs,

and options on EUAs futures. Both the EUAs futuoemitract and CERs futures

% See http://www.eurexchange.com/about/press/préss ehi.html for more information on CERs
trading at EEX.



Chapter 1: CQ Trading 41

contract are physically delivered at the UK Emissidrading Registry. The contract
size is 1000 metric tonnes of g@nd the minimum price fluctuation is €0.01 pertuni
In the case of the EUAs options contract, they Eneopean-style options that will
exercise into the underlying EUAs futures contrdtctvill expire three business days
prior to the EUAs futures contract and will havestfike prices in increments of €0.50
above and below the at-the-money strike price. HUAs options will be traded on the
NYMEX trading floor and cleared on NYMEX ClearPdrinally, the Chicago Climate

Exchange has organized an auction of CERs that haga issued by the UNFCCC
from a wind energy farm project in India. Additidshyathe Multi Commodity Exchange

of India has recently launched contracts on cadredits.

It is important to emphasize that no Kyoto transactan take place without the ITL as
no European Union transaction can take place wittitmCITL. That means that a CER
cannot be formally issued or forwarded to a registithout the ITL. For this reason,
CERs trades started to be done through futuresramafd contracts were subject to the
effective link between European registers and fhe. [The trading of the Kyoto
Protocol CERs and ERUs was done at a discountaltleetpossibility that the ITL did

not become operational before the end of the Phaisitne EU ETS.

In addition to the units issued from the differéyppe of projects, it is also possible,
under the Kyoto Protocol emissions trading flexipilmechanism, to trade the
emissions permits from other emissions trading & In addition to the European
Union, as we have seen, launching the EuropeannUBmission Trading Scheme,
other countries have also launched their own eomssiading schemes. For example,
the USA has launched the Regional Greenhouse Geive (the first RGGI trade was

announced on 15February 2008), Japan also has its pilot projecission trading
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scheme, and this is also the case for South KdYeway Zealand, Switzerland, and
Australia®! Norway also has an Emission Trading Scheme thieisnost comparable
to the EU ETS, and Canada and the European Unioa agreed to make their GO
emissions trading schemes compatible. The objedivtkat all those schemes will be

linked to the ITL in order to have a global £@arket.

However, it is not easy to link the different systeadopted by all those countries. First
of all, the systems have, in most cases, charatitarithat are not comparable and
secondly, in order to completely link the differanarkets it is compulsory that each
partner accept the allowances issued by any prodirdead. Even if it is not easy,

efforts are being made in this direction. A sigrafit example is that the European
Commission has agreed with countries in the Eunmopgeonomic Area (Norway,

Iceland and Liechtenstein) on linking their respectemissions trading schemes,
making the first international link between emissidrading schemes. See Kruger et al.

(2007) for a discussion of linking issues.

Almost all parties have now completed the initiatian of their registry connections
with the ITL. This process verifies that they maktechnical requirements prior to the
beginning of the operations with the ITL. Only Jap&lew Zealand and Switzerland

have completed their initialization procéss.

1.6. SUMMARY AND CONCLUDING REMARKS

In this chapter we have studied several aspecftrading worldwide. First, we

have presented the Kyoto Protocol. We have analyjsedtate of commitment of the

%1 For further information on the first RGGI tradegsPoint Carbon (f5February 2008).
%2 See http://lunfcce.int/kyoto_protocol/registry _sysslitl/items/4065.php for further information dret
International Transaction Log,
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different countries that have signed the Kyoto &rot and we have presented the
flexibility mechanisms that allow for easier conagpice. Among those flexibility

mechanisms we find emissions trading, the pringpaiect of this chapter.

Even if there have been many experiences with éonisdrading, in this chapter we
focus on the EU ETS. The elaboration of the Nafigication Plans procedure, the
distribution among European countries of the alloves, and the verification of real
emissions obligations, etc... are explained in deEollowing this, we have presented
the existing spot, forward, futures and optionsketr of EUAS. In terms of prices we
have illustrated that Phase | prices, independeatlythe market where they are
negotiated, follow the same evolution and are @siime levels. This is also the case

for Phase Il prices.

The linking possibilities of the EU ETS with the itéd Nation carbon markets are also
analysed in this chapter. We emphasize the impoetah the ITL and the role of the
developing and economies-in-transition countriesnotigating the impact of climate
change through the elaboration of reduction emmssjarojects that lead to CERs and

ERUs, respectively.

Finally, we would like to underline that there aeavide variety of participants in the
carbon markets. We firstly find the industrial atgethat are directly concerned with
CO, emissions reductions, secondly the brokers andllyi, the financial institutions.
Additionally, the importance of the agents thattipgrate in the elaboration of the

projects via CDM and Jl is increasing as they atemtial sellers of CERs and ERUSs.

As a global conclusion to this chapter, we wanthighlight some aspects: (i) the

EU ETS has succeeded in imposing a price on caebussions, which was one of its
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most important objectives, (ii) trading in @Q@pot, forward and futures markets is
increasing at high rates, (iii) options contracsdnbeen recently listed and the creation
of these types of contracts in organized marketoisidered by traders as a sign that
the futures market is mature enough and will cbate to creating more liquidity in the
futures markets, (iv) the secondary market of CERt#he segment with the highest
development and, following the present estimationsvill contribute to creating an

equilibrium between the offer and the demand incdmon markets.
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Table 1: Annex B Countries Emission Targets.

This Table shows the emissions percentage targiteoAnnex B countries of the Kyoto Protocol. Thergentage represents the
effort of emission reduction that countries mustnithe period 2008-2012 taking as reference tlee $890. As we can see, there
are some positive percentages. This means thabth#ry is authorised to increase its actuah €@issions from those in 1990 (i.e.
this is the case of Norway, Australia and Spain)levbther countries must reduce them (i.e. the G8many or Denmark).
Source: Kyoto Protocol and United Nations: FCCC/@B04/5 and the Burden Sharing Agreement

Country Target
Iceland 10%
us - 7%
Canada, Hungary, Japan, Poland - 6%
Croatia - 5%
New Zealand, Russian Federation, Ukraine 0%
Norway 1%
Australia 8%
Bulgaria, Czech Republic, Estonia, Latvia,

Liechtenstein, Lithuania, Monaco, Romania, - 8%
Slovakia, Slovenia, Switzerland,

Total European Union -8%
Germany -21%
Austria -13%
Belgium - 8%
Denmark -21%
Spain 15%
France, Finland 0%
Greece 25%
The Netherlands - 6%
Ireland 13%
Italy -6.5%
Luxembourg -28%
Portugal 27%
United Kingdom -12.5%

Sweden 4%
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Table 2: Final Commission decision on NAPs.

This table presents the European Commission decisidNAPs for all countries of the European Uniarthe first column we find
the Member States. The cap for the Phase | is slrotire second column. The verified emissionslieryear 2005 are presented in
the third column. The fourth column presents thappsed cap for Phase Il by countries. The fifthugoi presents the cap finally
allowed by the European Commission; in bracketdimeethe percentage allowed in relation to the aiiss proposed. In the sixth
column the emissions from additional installation008-2012 are presented, and in the last colin@dl/CDM limit for Phase Il
of the EU ETS | showrSource: European Commission.

Emissions from

Member State 1% period cap 2005_ ve_rified Proposed cap (_Zap allqwed 2008-2012 additipnal _ ‘;Ic/)gsD '\2/'0"1?'; n
(2005-2007)  emissions 2008-2012  (in relation to proposed) installations in %[2]
2008-2012[1]

Austria 33.0 334 32.8 30.7 (93.6%) 0.35 10
Belgium 62.1 55.58[3] 63.3 58.5 (92.4%) 5.0 8.4
Bulgaria 42.3 40.6[4] 67.6 42.3 (62.6%) n.a[5] B5
Cyprus 5.7 5.1 7.12 5.48 (77%) n.a. 10
Czech Rep. 97.6 82.5 101.9 86.8 (85.2%) n.a. 10
Denmark 335 26.5 245 24.5 (100%) 0 17.01
Estonia 19 12.62 24.38 12.72 (52.2%) 0.31 0
Finland 45.5 33.1 39.6 37.6 (94.8%) 0.4 10
France 156.5 131.3 132.8 132.8 (100%) 5.1 135
Germany 499 474 482 453.1 (94%) 11.0 20[6]
Greece 74.4 71.3 75.5 69.1 (91.5%) n.a. 9
Hungary 313 26.0 30.7 26.9 (87.6%) 1.43 10
Ireland 223 22.4 22.6 22.3 (98.6%) n.a. 10
Italy 223.1 2255 209 195.8 (93.7%) n.k. [7] 14.99
Latvia 4.6 2.9 7.7 3.43 (44.5%) n.a. 10
Lithuania 12.3 6.6 16.6 8.8 (53%) 0.05 20
Luxembourg 3.4 2.6 3.95 25 (63%) n.a. 10
Malta 2.9 1.98 2.96 2.1 (71%) n.a. n.a.
Netherlands 95.3 80.35 90.4 85.8 (94.9%) 4.0 10
Poland 239.1 203.1 284.6 208.5 (73.3%) 6.3 10
Portugal 38.9 36.4 35.9 34.8 (96.9%) 0.77 10
Romania 74.8 70.8[8] 95.7 75.9 (79.3%) n.a 10
Slovakia 30.5 25.2 41.3 32.6 (78.9%) 1.78 7
Slovenia 8.8 8.7 8.3 8.3 (100%) n.a. 15.76
Spain 174.4 182.9 152.7 152.3 (99.7%) 6.7[9] 20
Sweden 22.9 19.3 25.2 22.8 (90.5%) 2.0 10
UK 2453 242.4[10] 246.2 246.2 (100%) 9.5 8

SUM 2298.5 2122.16[11] 2325.34 2082.68(89.56%) 54.69 -

All figures are annual, in million tonnes of @O

[1] The figures indicated in this column comprigeigsions in installations that come under the cayerf the scheme in 2008 to
2012 due to an extended scope applied by the MeSth&r and do not include new installations engettire scheme in sectors
already covered in the first trading period.

[2] The JI/CDM limit is expressed as a percentagh® member state’s cap and indicates the maxiextent to which companies
may surrender JI or CDM credits instead of EU El@ances to cover their emissions. These credéganerated by emission-
saving projects carried out in third countries urttie Kyoto Protocol’s project-based flexible meuisans, known as Joint
Implementation (JI) and the Clean Development Meisma (CDM).

[3] Including installations which Belgium optedegclude temporarily from the scheme in 2005

[4] Due to Bulgaria's recent accession to the Bi, figure is not independently verified.

[5] n.a. means data not available.

[6] The German national allocation law containggare of 22 %, which relates to the allowancescalted free of charge, rather
than the total cap.

[7] Italy has to include further installations. Tamount of additional emissions is not known at gtage.

[8 Due to Romania's recent accession to the EBfidnire is not independently verified.

[9] Additional installations and emissions of ogemillion tonnes are already included as of 2006.

[10] Verified emissions for 2005 do not includetalktions which the UK opted to exclude tempoyafibm the scheme in 2005
but which will be covered in 2008 to 2012 and atineated to amount to some 30 Mt.

[11] The sum of verified emissions for 2005 doesindude installations which the UK opted to exdduemporarily from the
scheme in 2005 but which will be covered in 2002@&@2 and are estimated to amount to some 30 Mthé&unore, the emissions
figures for Bulgaria and Romania are not indepetigeerified.
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Table 3: EUAs Trading Rules Details in Organized Mekets.

Panel A presents the main characteristics of thé\€Epot markets. For all of them, some characiesisire shown: the
commodity, the country, the date where they wenadaed, the trading days, the delivery, the unitfehe contracts, the minimum
contract size, the minimum tick, the registry nashéhe country and the authority that manageséhestry. Note that BlueNext has
already launched spot trading for Phase Il EUAs ot Pool will launch them #5April 2008. Spot trading in Nord Pool for
Phase | EUAs will last until 31March 2008. Spot contracts for Phase Il will htve same trading rules. Panel B shows the same
information for the futures contracts. Additionatlye expiry of the contract is shown. Panel C shtivessame information for
Options tradingSource: Own elaboration from markets web pages.

Panel A: Spot Trading Rules Details in Organizedkdts for Phase | EUAs.

Energy Exchange of Gestore Mercato  European Energy

BlueNext Austria (EXAA) Nord Pool Elettrico (GME) Exchange (EEX)
Commodity EUA EUA EUA EUA EUA
Country France Austria Scandinavia Italy Germany
Market oA 24" October nd A
Launch 24" April 2005 24" June 2005 2005 2"% April 2007 d" March 2005
. From Monday to . From Monday to From Monday to From Monday to
Trading Days Friday Weekly trading Friday Friday Friday
Delivery Physical Physical Physical Physical Physical
Unity 1 EUA 1 EUA 1 EUA 1 EUA 1 EUA
Minimum 1000 tCO2 1tCo2 1000 tCO2 500 tCO2 1tC0O2
contract size
Tick minimum €0.01 €0.01 €0.01 €0.01 €0.01
ECRA (Emission NEA (Dutch DEHSt (German
Registry Seringas Certificate Registry Emission Sina Group Emissions Trading
Austria ) Authority) Authority)
. . PR ECRA (Emission . APART (ltalian DEHSt (German
I'\?Az%;trgment (c:aétilsgr? scijer?a?i(ce)‘r)wgts Certificate Registry Dufgf c;r:iltssmn Environmental Emissions Trading
9 9 Austria ) Y Authority) Authority)
APCS (Austrian Power Nord Pool Gestore Mercato
Clearing LCH Clearnet SA Clearing and Settlement . Elettrico (GME) Several Banks
Clearing ASA
AG) S.p.a.
Panel B: Futures Trading Rules Details in Organidedkets.
European Climate European Energy
Nord Pool Exchange (ECX) Exchange (EEX) / Eurex BlueNext The Green Exchange
Commodity EUA EUA EUA EUA EUA
Country Scandinavia United Kingdom Germany France USA
Market 11" February 5o oril 2005 4 October 2005 Inthe near 1z pjarch 2008
Launch 2005 future
From From 6:00 pm Sundays
h From Monday From Monday to . .
Trading Days to Friday Friday From Monday to Friday = Monday to through 5:15 pm

Friday Fridays, Eastern Time
Quarterly contracts for
December 2005 and 2006. From December Quarterly contracts

2005. September 2006 to contracts  from December 2008 to
(E:)c:nitrract December and March 2008 monthly Decerzn(i)a(c)aé (t:(c))r;t(;i;ts from from 2008 to December 2010
piry March from contracts. December 2012 December contracts
2006 to 2012 contracts from 2008 to from 2011 to 2012
2012.
Delivery Physical Physical Physical Physical Physical
Unity 1 EUA 1 EUA 1 EUA 1 EUA 1 EUA
Minimum 1000 tCO2 1000 tCO2 1000 tCO2 1000 tCO2 1000 tCO2
contract size
Tick minimum €0.01 €0.01 €0.01 €0.01 €0.01
Registry ngr?qi(szrc:ﬁh Environment Agency DEHSt (German Emissions Seringas UK Emissions Trading
Authority) Trading Authority) Registry
. L . Caisse des
Registry Dutch Emission . DEHSt (German Emissions "~ .
Management Authority Environment Agency Trading Authority) depots gt Environment Agency
consignations
) Eurex Clearing AG and the
Clearing Nord Pool London Clearing House European Commaodity LCH NYMEX ClearPort

Clearing ASA (LCH.Clearnet) Clearnet SA

Clearing AG (ECC).
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Table 3: EUAs Trading Rules Details in Organized M&kets (continued).

Panel C shows the same information for Optionsirntadncluding the type of commodity, the countfytioe market, the launch
date, the trading days, the different contract mxpossibilities, the delivery, the unity, the nmimim contract size, the strike price
increments, the minimum tick, the option premiuhe hature of exercise of the option, the regigtrg, registry management and
the clearing hous&ource: Own elaboration from markets web pages.

Panel C: Options Trading Rules Details in Organiziedkets.

European Climate Exchange (ECX) The Green Exchange
Commodity EUA EUA
Country United Kingdom USA
Market Launch 13" October 2006 17March 2008
Trading Days From Monday to Friday From 6:00 pm Sundays through 5:15

pm Fridays, Eastern Time
Front two contracts plus next six  Quarterly contracts from December
December contract months. Currently ~ from 2008 to December 2010
Jan08, Feb08, December contracts December contracts from 2011 to
from 2008-2012 are listed. 2012
Delivery Physical Physical

Exercised into ICE Futures ECX CFlI
EUAs futures contracts.

Contract Expiry

Underlying 1 EUAs futures contract

Minimum contract size 1000 tCO2 1000 tCO2

Fifty-five strike prices are
automatically listed for each contract
month covering the price range from

€1- €55.
The Exchange may add one or more

10 strike prices in increments of €0.50

Strike price increments above and below the at-the-money

strike prices nearest to the last price strike price.
listed as necessary.
Strike price intervals are €1.
Tick minimum €0.01 €0.01
Obtion Premium Premiums are paid at the time of the Premiums are paid at the time of the
P transaction transaction
Nature of exercise European-style exercise European-style exercise
UK Emissions Trading Registry or at
Registry Environment Agency the Dutch C@Emissions Trading
Registry

Environment Agency

Registry Management Environment Agency Dutch Emission Authority

London Clearing House

Clearing (LCH.Clearnet)

NYMEX ClearPort




Table 4: Cross correlation analysis between Europ@amarkets.

This Table presents the cross correlation analysteeen the different European markets. Panel Ap(B¥ents the correlation in Prices (Returns). EEe spot prices (returnshtied i
EEX, BlueNext | (1l) refers to spot trading in BNext for Phase | (), Nord Pool refers to spotcps (returns) traded at Nord Pool, Carbon IndekdsCarbon Index calculated by El
LEBA | (ll) refers to OTC trading in LEBA for Phad€ll), EEX 2007 (2008) refers to the futures contrachwii¢livery December 2007 (2008) traded in EEX, NBowl 2007 (2008) is tl
futures contract with delivery December 2007 (20@8Jed in Nord Pool, and ECX 2007 (2008) is therkes contract with delivgrDecember 2007 (2008) traded in ECX. All the clatien
coefficients are statistically significant at 5%eéé&except those in italics. n.a. is used wherstirées do not coincide and thus the correlationsca be calculated.

Panel A: Prices Correlation

EEX Bluenext (1) Bluenext (11) NordPool _Carbon Index  LEBA (1) LEBA (1) EEX 2007 EEX 2008 NordPool 2007 NordPool 2008 ECX 2007 ECX 2008
EEX 1.00000
Bluenext (1) 0.99980 1.00000
Bluenext (Il) -0.20270 n.a. 1.00000
NordPool 0.99981 0.99989 n.a. 1.00000
Carbon Index 0.99705 0.99136 n.a. 0.96299 1.00000
LEBA (1) 0.99954 0.99964 n.a. 0.99975 0.99783 1.00000
LEBA (1) -0.47814 -0.47885 0.36750 -0.47754 n.a. -0.42615 1.00000
EEX 2007 0.99939 0.99946 n.a. 0.99959 0.97008 0.99965 -0.43819 1.00000
EEX 2008 0.35420 0.35335 n.a. 0.33743 0.83095 0.46705 0.99633 0.43456 1.00000
NordPool 2007 0.99905 0.99932 n.a. 0.99958 0.99774 0.99954 -0.44264 0.99995 0.42384 1.00000
NordPool 2008 0.34385 0.34027 0.42720 0.34319 n.a. 0.46638 0.99589 0.43464 0.99792 0.42818 1.00000
ECX 2007 0.99916 0.99912 n.a. 0.99933 0.98883 0.99940 -0.45356 0.99974 0.40570 0.99969 0.40306 1.00000
ECX 2008 0.39812 0.41415 -0.44793 0.31809 0.92006 0.50564 0.99428 0.43025 0.99668 0.46820 0.99553 0.45194 1.00000

Panel B: Returns Correlations

EEX Bluenext (1) Bluenext (1) NordPool Carbon Index  LEBA (I) LEBA (1) EEX 2007 EEX 2008 NordPool 2007 NordPool 2008 ECX 2007 ECX 2008
EEX 1.00000
Bluenext (1) 0.42534 1.00000
Bluenext (I1) -0.20327 n.a. 1.00000
NordPool 0.40474 0.58699 n.a. 1.00000
Carbon Index 0.78313 0.71736 n.a. 0.61560 1.00000
LEBA (1) 0.49908 0.69480 n.a. 0.65118 0.89882 1.00000
LEBA (Il) 0.01974 0.08847 -0.43407 0.17378 n.a. 0.19997 1.00000
EEX 2007 0.72562 0.70322 n.a. 0.66128 0.63234 0.71979 0.24132 1.00000
EEX 2008 0.25502 0.33562 n.a. 0.34647 0.36285 0.36027 0.80287 0.50671 1.00000
NordPool 2007 0.58644 0.59985 n.a. 0.78072 0.79901 0.66657 0.17962 0.72799 0.38210 1.00000
NordPool 2008 0.23438 0.32574 0.14955 0.34560 n.a. 0.37068 0.81967 0.49925 0.93002 0.38465 1.00000
ECX 2007 0.06385 0.15152 n.a. 0.30934 0.68800 0.39319 0.16582 0.73877 0.28360 0.34624 0.27196 1.00000
ECX 2008 0.22916 0.28650 -0.88829 0.29816 0.61754 0.32671 0.65726 0.43492 0.84116 0.33872 0.78855 0.32829 1.00000

Buipesl 2 :T 1e1deyd

6V
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Table 5: CERs Trading Rules Details in Organized Mekets.

This picture shows the trading rules details inaoiged markets for the different CERs contracts.ePA presents the CERs spot
trading rules details, Panel B the CERs futurediia rules details and Panel C the CERs Optiordintgarules details. The
commodity, the country, the market launch, theitrgdlays, the delivery, the unity, the minimum cant size, the tick minimum,
the registry, the registry management and theiolgare shownSource: Own elaboration from markets web pages.

Panel A: CERs Spot Trading Rules Details in Orgeshilarkets

BlueNext
Commodity CER
Country France

Market Launch
Trading Days

Delivery
Unity

Minimum contract size
Tick minimum

Registry

Registry Management

Clearing

In the near future
From Monday to Friday

Physical
1CER

1000 tCO2
€0.01

Seringas

Caisse des dépots et consignations

LCH Clearnet SA

Panel B: CERs Futures Trading Rules Details in Qimgal Markets.

European Climate

Nord Pool Exchange (ECX) BlueNext The Green Exchange
Commodity CER CER CER CER
Country Scandinavia United Kingdom France USA
h
Market Launch 1% June 2007 1”March 2008 In ;Stirr;ear 17" March 2008

Trading Days

Contract Expiry

Delivery
Unity

Minimum contract size

Tick minimum

Registry

Registry Management

Clearing

From Monday to Friday

December contracts from 2006 to

2012

Physical
1CER

1000 tCO2
€0.01

NEA (Dutch Emission Authority)

Dutch Emission Authority

Nord Pool Clearing ASA

From Monday to

Friday to Friday

Quarterly contracts December

from December 2008

to December 2012. 2008 to 2012
Physical Physical
1CER 1CER

1000 tCO2 1000 tCO2
€0.01 €0.01

Environment Agency ergas

Caisse des

Environment Agency  dépédts et

consignations
LCH Clearnet

London Clearing
House (LCH.Clearnet) SA

contracts from

From 6:00 pm

From Monday Sundays through 5:15

pm Fridays, Eastern
Time

Quarterly contracts

from December 2008
to December 2010
December contracts
from 2011 to 2012

Physical

1CER
1000 tCO2

€0.01
UK Emissions
Trading Registry or at
the Dutch CO2
Emissions Trading
Registry
Environment Agency
Dutch Emission
Authority

NYMEX ClearPort
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Table 5: CERs Trading Rules Details in Organized Mekets (continued).

Panel C of this picture shows the CERs Optionsréstirading rules details. As in the other two partee type of commodity, the
country of the market, the launch date, the tradiags, the different contract expiry possibilitiéise delivery, the unity, the
minimum contract size, the strike price incremetits, minimum tick, the option premium, the natufexercise of the option, the
registry, the registry management and the cledriugse Source: Own elaboration from markets web pages.

European Climate Exchange (ECX)

Commodity
Country
Market Launch
Trading Days

Contract Expiry

Delivery

Unity

Minimum contract size

Strike price increments

Tick minimum
Option Premium

Nature of exercise

Registry
Registry Management

Clearing

CER
United Kingdom
In the near future
From Monday to Friday

Quarterly contracts from December
2008 to December 2012.

Physical
Exercised into ICE Futures ECX CFI
CER futures contracts.

1000 tCO2

Fifty-five strike prices are
automatically listed for each contract
month covering the price range from
€1 to €55.

The Exchange may add one or more

strike prices nearest to the last price

listed as necessary.
Strike price intervals are €1.00.
€0.01

Premiums are paid at the time of the

transaction

European-style exercise

Environment Agency

Environment Agency

London Clearing House
(LCH.Clearnet)
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Figure 1: Kyoto Protocol Flexibility Mechanisms.

This Figure shows schematically the relationshipvben the EU ETS and the Kyoto Protocol flexibilitechanisms. CDM is the
Clean Development Mechanism, JI is the Joint Impletation Mechanism, EU ETS is the European UnionisEion Trading

Scheme, EUAs are the European Union Allowances, €Rid the Emission Reduction Units, CERs are théfiCate Emission

Reductions, CITL is the Community Independent Taatisn Log, and ITL is the International Transactlmg. Note that the ITL
has been operational from November 2007. In thersguwith small dots we find the European Compaaies Member States
compliance possibilitieSource: Own elaboration.

Kyoto Objective 95% of the 1990 emissions

A 4
Kyoto Flexibility Mechanisms

Ji CDM EMISSIONS TRADING
e . . 4
i Linked to Eligible | Other Emission EU ETS
! Countries Registries | Trading Schemes ;
e 1 '
EUAs
ERU:s CERs v
S ~/ — Directives 2003/87/EC and
/\b 2004/101/EC
Trade Complianci :
rading sectors <
= — Trad
~
Companies
Compliance

Other non Non-trading sectors
European
companies
Other non P Member States
European Compliance N
countries
i 2005-2007: :
' Trades supervised by CITLE
S~— CoTTTTmmmmmmmmmemmem
v
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Figure 2: Annex B CO,-e emissions for the period 1990-2005.

Figure 2-A shows Annex B countries’ Kyoto targetalremissions change in 1990-2005 without Land-Uard-Use Change and
Forestry (LULUCF), and the excess of emissions fitsntargets. Figure 2-B shows the same varialoieEfiropean Countries. The
base year is in all cases 1990 except for BulgarthPoland, whose base year is 1988, for Hungdrgsavbase year is the average
of the years between 1985 and 1987, for Romanias®/ibase year is 1987, and for Slovenia whose y&seis 1986Source:

United Nations Framework on Climate Change and EEA.
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Figure 3: Percentages of the Allocations of Large ltopean Countries.

In Figure 3-A (B) the percentage of total allowahatdistributed in Europe for Phase | (Il) is presentOnly the countries
representing more than 5% of total emissions aresidered. The countries that represent less thara®grouped irOthers
Source: European Commission.

Figure 3-A: Percentages of Total Allowances Distiitn by Countries for Phase |
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Figure 4: Deadlines of the EU ETS.

This Figure shows how the deadlines are organisd¢de EU ETS. First of all, the real emissions tplkeee, then a verified report
has to be presented by each Member State to ttep&am Commission before $8March of the following year and before™0
April the companies should surrender the allowarhes correspond to their real emissions. In treedhey do not have enough
allowances, they must pay a penalty but that do¢selease them from the responsibility of presenthe allowancesSource:
Own elaboration from 2003/87/EC Directive.

Elaboration of emissions report

A

4 N
I | |
I I I

1° January 31° December 318 March 30" April
A
— _J
'

Emissions take place Deadline to surrender

allowances
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Figure 5: Trends of Carbon Prices.

These Figures show the trends of the most relexamtiion prices in Europe. In Figure 5-A the OTC famvindices are shown, in
Figure 5-B the spot prices are exhibited and iufédh-C the futures prices are presented. EEXgé¢fethe carbon index traded in
European Energy Exchange, LEBA (1) and BlueNextéfer to Phase | prices and LEBA (1) and BlueN@Rtto Phase Il prices.
The futures contract corresponds to the Decembrgrant of the year indicate8ource: Markets web pages.

Figure 5-A: Trends of OTC Carbon Prices
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Figure 5-B: Trends of Spot Carbon Prices
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Figure 5-C: Trends of Futures Carbon Prices
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Figure 6: Traded Volume in EU ETS.

This Figure shows volumes traded in the EU ETShenfirst picture we distinguish between spot, fesuand OTC trading, and

then we focus on the spot and futures markets.spbeand futures markets by phases and by marketsresented. All volumes

are cumulated volumes from the first trade in emeliket to the end of the trading of the contrabie Yolumes are expressed in
tonnes of C@ Source: Own elaboration from market web pages.
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Figure 7: Certificate Emission Reduction Futures Pices and Volume in Nord Pool.

This Figure shows the evolution of the CERs priaed the evolution of the Phase Il prices sincebiginning of the trading of
CERs futures contracts in Nord Pool. All CERs sicerrespond to CERs futures contracts traded md Rool. All of them expire
in December and the number represents the yetied?hase Il of the EU ETS. ECX 2008 refers to therés contract on EUAs
traded in the ECX. The total CERs volume tradeNand Pool expressed in tonnes traded is also piee®urce: Nord Pool and
ECX web page.
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CHAPTER 2

CO, Prices, Energy and Weather



60 Essays on CO

2.1. INTRODUCTION

In the framework of the Kyoto Protocol, the Eurapédnion has set up the Emission
Trading Scheme (EU ETS) to reduce &@issions. The EU ETS started hJanuary
2005 and is driven by the 2003/87/EC directive. &mthis scheme, European large
CO, emitting installations receive permits from theavgrnment to emit tonnes of GO
equivalent that can be traded in several spot,régtuforward and options markets,

whenever they fulfil their targets at the scheduisg.

It is important to note that the EU ETS is the feavork for the first real market for GO
in that a clear scarcity has been created and adbrange of agents are required to
possess rights for their use for compliance. Moeeoit is the largest environmental
market in the world exceeding the US S€ading program in several areas such as the
number of installations, the quantity of emissiam/ered and the value of assets
created and distributed. Specifically, the 2003F&7/directive covers the energy-
intensive installations that represent almost b&lEurope’s CQ@emissions. Following
such directive, each Member State in the EU hasibonit to the European Commission
its National Allocation Plan (NAP) in which each Mber State determines the total
guantity of CQ allowances granted per year to its companies fospacified
commitment period. In the EU ETS context, the fastnmitment period is 2005-2007
and the second one, which coincides with the tmnpliance period of the Kyoto

Protocol, is 2008—2012. The third European commitrperiod will start in 2013.

Although the main objective of the EU ETS is thduetion of emissions, considering
Lowrey (2006), perhaps the most important objecitsvéhe establishment of a market

price for allowances. This means that Europeap-€0itting installations will be aware
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of the environmental consequences of their pollutactivities. The question then is

what are the factors that determine the price of E€mits?

In this paper, we analyse empirically the main deibeants of 2005 Cprices. As far
as we know, this is the first study to do so. Sieadly, we rely on the assumptions of
theoretical models and on the suggestions made dkahagents to guide our study
into the weather and non-weather variables thaldcafiect daily CQ forward prices.
The study will allow us not only to gain insightgo the relationship between energy-
related variables and G@rices, but also to shed light on the functiomahf between
weather variables and the g@turns. It must be stressed that we are not ptiegito
explain the average level of prices over the pewitth respect to expectations but to
focus on the daily returns during 2005 in an attergp examine the underlying

rationality of CQ pricing behaviour.

This paper is organised as follows. The next seqgbi@sents a review of the previous
literature about the determinants of £€mission allowance prices and the reflections
of the market agents on this subject. Section 2rdess the CQ markets in Europe
including a brief picture of the market-places aodtracts, the data description and the
justification of the data used in this paper. Sswi4 and 5 describe the energy and
weather variables used to explain the behaviouh®f2005 CQ prices, respectively.
Section 6 presents the results of the joint infageboth of non-weather and weather
variables on C@prices. The last section summarizes the paper sathe concluding

remarks.
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2.2. THE DETERMINANTS OF CO; PRICES

If we look to the literature, we find that the vars models give different answers to the
question of what factors influence g@llowance prices, as they focus on different
aspects of the effects of emission trading on domemy. Until now, the most complete
reference on this subject has been the survey bndggp (2003). That paper gathered
results from 25 models of the market for tradabieeghouse gases emission permits.
The spectrum of estimated permit prices ranges fioto 74 US$ per tonne GO
equivalent. Among the coincident factors that detee the long-term COemission
allowance prices, the authors consider microecoaoamd macroeconomic factors
(characteristics of the energy sector, GDP grovetmission growth and emission
target), energy factors (price of energy sourceksearergy substitutability possibilities)

and climate factors (temperature and climatic cioonk).

It is important to note that these factors, progosg theoretical models, are generally
consistent with market agents’ perceptions. Firdllgint Carbon, Powernext and RK
Consulting consider macroeconomic, microeconomit \&pather factors as being the
main determinants of GQrices>® Secondly, energy factors, such as the price of oil
natural gas and electricity as well as temperagunck rainfall are quoted in most of the
“Weekly summary of emissions matietblished by Enervid* Finally, the European
Climate Exchange jointly with the Chicago Climatgckange and Point Carbon, in
their report entitled What determines the price of carbon in the Europgdaion?” by
Christiansen and Arvanitakis (2004), argue thatwlag to forecast price trends is to

assess three fundamental aspects: policy and tegulasues, market fundamentals and

3 See http://www.pointcarbon.com, www.powernextrd dttp://www.carbonriskmanagement.com.
3 http://www.enervia.com/.
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technical analyses. In the role of fundamentalsy thensider both the supply of
allowances and the demand for allowances, whichimr&urn a function of C@

production levels.

Attention must be paid to the fact that the thaeoattmodels are not appropriate when
explaining the change of daily prices. Those modet¢susually silent with respect to
weather and are relevant to understanding yearelay ghanges or underlying market
forces, but of no help with daily fluctuations. Hewver, these models shed light into
what variables can be used to explain short-term @@es. Daily energy pricesnd
weather data have been used in this paper by agpiyiethodology that is similar to
that followed in studies of determinants of othezather dependent variables such as
the price of electricity (Longstaff and Wang (20@&4)d Stevenson et al. (2006)), the
price of gas (Bopp (2000)) and the price of orahdares contracts (Roll (1984) and

Boudoukh et al. (2005)).

In particular, to explain the main determinantcafbon prices we have considered the
supply of European Union Allowances (EUAs) and destthat affect European GO
production such as weather variables (temperatack rainfall) and energy-related

variables (oil price, gas price, coal price and fwatching from gas to coal).

2.3. CO MARKETS IN EUROPE

There are several organized market places in Eusbygee it is possible to trade EUAS,
which are defined as the right to emit one tonn€0§-equivalent. Specifically, EUAs
can be traded in spot markets such as Powernews)Panergy Exchange of Austria

(EXAA, Vienna), Nord Pool (Oslo) and European EmeExchange (EEX, Leipzig).
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There is also a pan-European platform called Clirddliance where it has been
possible to trade spot contracts since July 20QBthErmore, Nord Pool, European
Climate Exchange (ECX/IPE, London) and EEX markese futures contracts with

EUAs as the underlying commodity.

It must be pointed out that not all the £tading is done in organized markets. The
European Energy Exchange (EEX) soon calculateth@dexiof over-the-countd©TC)
forward CQ prices,calledCO, Indexor European Carbon IndexThis index has been
published and provided on each trading day froffi @6tober 2004 to 3dNovember
2005. The index is a volume-weighted average pfd®TC forward trading activities
of market participants with delivery until 8®\pril 2006. A second OT@arbon index
has been created by the London Energy Brokers’ édason (LEBA). LEBA is
comprised of 10 members, who together provide @gesfor all key product groups in
the energy sector: oil, gas, power, coal and eonssiTheLEBA Carbon Indexs a
volume weighted index that takes into account atbon deals transacted through the
LEBA member firms. Although both OTC indices arghly representative, the LEBA
Carbon Index has a shorter history given that & been published since the end of

March 2005%°

Figures 1-A and 1-B compare the evolution of Eiwopean Carbon Indewith the

price series of spot and future markets, respdgtivéde first future contract traded in

% For additional information about these markets #ee official web pages of the GQnarkets in
Europe: CLIMEX (www.climex.com), EEX (www.eex.deECX/IPE (www.theipe.com), EXAA
(www.exaa.at/cms), Nord Pool (www.nordpool.no) &wmvernext (www.powernext.fr).

% The cross correlation between the European Carimex and the LEBA Carbon Index, from April to
November 2005, was 99.74%. For further informatibout the European Carbon Index see www.eex.de.
For further details concerning LEBA Carbon Indeg sevw.leba.org.uk.
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Nord Pool took place on f1February 2005 and the first spot contract traseBEX

took place in March 2005. Note that the trades TiC@narkets started in October 2004.

If we observe the COprices, we can see that there was an initial genben prices
were low and stable. Specifically, t¥, Indexprice was around 8 €/tGMefore the
EU ETS started in January 2005. The price bottomeidat its lowest level (6.65
€/1tCO,) on 17" January 2005, and then it increased, reachingpk (29.3 €/tCG) on

7™ July 2005. Finally, the price decreased to reheh20 €/tC@ level, and it remained

in the 20 to 25 €/tC@range until maturity in November 2005.

As we can see, the GQ@rices trends are very similar in both figuresisTiact can be
confirmed with a cross correlation analysis in @si@and returns between tharopean
Carbon Indexand spot markets (Panel A of Table 1) and betwleeBuropean Carbon

Indexand futures markets (Panel B of Tablé™).

All the contemporary correlation coefficients atatistically significant at the 5% level.
The positive and significant correlation coeffid®nindicate that all markets are
strongly correlated and all of them incorporate itffermation in a very similar way
Given that we are interested in the most repretieataeries of EUA prices, we have
chosen the longest price series that belongs tdthiepean Carbon Indekom the
EEX market. According to the applicable rules f&EXEOTC forward contracts on
EUAs, trading ended orf'December 2005. Therefore, our sample period mams the

formal launch of the EU ETS or1anuary 2005 to the expiration of tReropean

%" As we justify in Section 4, the return has beeiinge asr=In(P/P..,), whereP is the price series at
timet.

¥ Since in the EXAA market the trading takes plaoly @nce a week, it has been eliminated from the
correlations of prices and returns as the numbebsérvations is very small. Climex Aliance hagals
not been included since no data is available.
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Carbon Indexon 33" November 2005 (233 observations). The study tlendes on
which are the determinants of €@aily forward prices for the year 2005, the fiystar

of compliance.

2.4. ENERGY-RELATED DATA

Following the conclusions of section 2, we havesidered the most representative
prices of oil, natural gas and coal in Europe ideorto explain the 2005 daily EUA
OTC forward prices. In all cases, to better take account the trend of expectations on
prices over the year, we have chosen the dailyggnierward prices with the closest
maturity to the expiration of th&uropean Carbon IndexThus, our sample period
consists of daily futures prices of Brent and Nalt®as, both traded at International
Petroleum Exchange (IPE) and coal forward priceslighied by Tradition Financial
Services (TFS), a broker association that provilesTFS API 2 index, which is the

reference price of coal in Europe.

The futures contract on Brent is quoted in US$ Iparel, the futures contract on
Natural Gas is quoted in GBP per therm and the coatract is quoted in US$ per
metric tonne. To carry out the study, we have cdedethem into euros using the daily

exchange rate data available from the Europearr&@esank?*

All the price series, including GAOTC forward prices, present a unit root and they
have been converted into stationary taking firstirad logarithm difference¥. That is,

we have carried out our study using continuous aamged returns constructed as

%9 gpecifically, the coal prices (TFS API 2) are Q@Gost, Insurance and Freight) with delivery in ARA
(Amsterdam, Rotterdam and Antwerp).

0 See http://www.ech.int.

“! These results are presented in Annex I.
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ri=In(Pi/Pi.1), wherePy; is the i-th price at timé and wherd = ¢ (CO,), g (Natural
gas),b (Brent) andcl (Coal). As a background, Table 2 presents thesccosrelations
between the returns both on €@nd the energy variables, which can give us a

preliminary idea about the explanatory power oflétger ones.

As we can see in Panel A of Table 2, only the coptaneous cross correlation
coefficients of gas (19.5%) is positive and stai@dly different from zero at the 5%
level. It is interesting to note the unexpectediitesf the absence of a contemporaneous

correlation between Brent and coal with Oeturns.

We also present the same analysis between 1@@rns and the returns of energy
variables lagged one period. As we can apprecratganel B of Table 2, there is no
significant relationship between G@eturns and the returns of coal lagged one period.
In contrast, the statistically significant corréats between the lagged energy variables
and CQ returns are much higher than in the case of théeoaporaneous variables. The
correlation between CQOreturns and Brent returns lagged one period i8%6and
between gas returns lagged one period is 21.6%seTtesults indicate that a model that
tries to explain C@ returns should take into account not only conte@peous

information but also past information about engogges.

Following Lowrey (2006)if the price of gas increases relatively to theiger of coal,
then the cost of cutting emissions by switchinghfgas to coal increases and — other
things being equal — the demand for coal will irage. Therefore, the demand for
carbon allowances to cover that generation will ;algse, leading to a resultant
increase in emission allowance pricesA similar idea is pointed out in Christiansen

and Arvanitakis (2004). In order to incorporatestBwitching effect in our study, we
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have introduced into the model a variable caRedic, defined as the quotient between

Gas returns and coal returns.

2.5. WEATHER DATA

2.5.1. Variables description

As discussed in section 2, the carbon price shdelgdend on, among other factors,
energy consumption. Furthermore, energy demandfestad by the climate (see Le
Comte and Warren (1981), Li and Sailor (1995) aedden and Henley (1994)). For
both reasons, we have considered weather variasigsossible determinants of the

EUA prices and we have analyzed whether they chntbexplain its behaviour.

On the one hand, we have focused on weather data@ermany. The reason for such
choice is twofold. Firstly, the C{price series used in the study are OTC forwarcegri
that result mostly from the trade among those Germmarket participants that are
concerned about the weather in Germ&ngecondly, Germany is the largest national
market for electricity in Europe after Russia. &ctf Germany represents the biggest

National share of EUAs allocated in Europe (23.6%).

On the other hand, although Germany is the largester producer/consumer of the
EU-25, it covers only a minor part of the total mywsupply/demand in the EU.
Countries such as Spain, Portugal and Italy carstiéan important share of European
demand and the weather variables in those countdashave a different impact on

power supply than German weather variables. Faetleasons, in order to detect the

“2 See http://www.eex.de/index.php?page=55.
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influence from weather events representative ofethiere geographic extent of the EU
ETS, we have also used a more comprehensive infletheo weather variations

throughout the EU ETS market area.

Following the suggestions by the World Meteorolagi©rganization (WMO, 1983),
the German weather variables considered in thidystme the following: the minimum
air temperature (°C), the mean air temperature, (f€) maximum air temperature (°C)
(all temperatures are measured two meters abovegtbend), and the rainfall
precipitation (mm). The data has been providedh®Dieutscher Wetterdiensivhich
has public and available data of weather variatieg4 meteorological stations across

Germany*®

To complete the blanks of those data series, thelation between the same series of
the nearest stations has been calculated. Whenotinelation is lower than 80%, the
half point between the previous and the subseqdetd of the series has been
calculated to fill the blanks. However, when tharemtion is higher than 80%, a
regression has been estimated between both stafindsthe blanks have been

completed using the information from the regression

In the case of the European weather index, we higed the daily data provided by
Powernext. These variables are the mean temper&uréne following countries:

Belgium, Spain, France, Italy, Germany, United Klom, Portugal and The
Netherlands. For each country, some important sciiave been considered as

representative cities. The mean temperature in@sxbeen calculated as the average

3 Details of how those variables are calculated bg Deutscher Wetterdienscan be found at
http://www.dwd.de/en/en.htm.
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temperature of those cities weighted by the pofmuriatf the area they represent In the
case of there being no value for the weather statighe city, two replacement stations
have been chosen in order to fill the gaps. Thiosis have been selected according to
both the geographical proximity and the value @& tefficient of correlation with the

station of referenc&

2.5.2. Indices construction

To take into account the impact of climate on tggragated C@®emission allowance
returns, we follow the methodology proposed by VYaét al. (2001). We have
constructed weather population-weighted indices toe different weather series

considered. In particular, the indices have bedmel as follows:

wherelX; is the X meteorological variable index on da)sis the value of the climate
variable in the statios on dayt, ws; is the population weight of the area assigned at

each station andthe number of statiorfs.

To elaborate the indices representing the weath&ermany, eight of the 44 stations
have not been considered because their populates net representative compared
with the total population of Germar§.Furthermore, the station of Fritzlar was also

eliminated from the sample because there were twyrblanks in the data that could

“ www.powernext.fr.

5 The population data of Germany has been obtaired the “Statistische Amter des Bundes und der
Lander” at http://www.statistik-portal.de and thepplation data for the European indices has been
obtained from Eurostat at http://epp.eurostat.eopaieu.

% These are: Helgoland, List, Westermakelsdorf, Eahhsten, Nirburg-Barweiler, Fichtelberg,
Zugspitze and Hohengsnberg.
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not be completed with reliability (and also, itspptation was not very significant in
global terms). As a consequence, the indices haea balculated with 35 stations. It is
important to highlight that these indices refldat bverall weather in Germany as all the
stations considered are distributed across Gernthay,are located in different climatic

zones, and all large German cities are taken ictount.

For the weather in Europe, we have calculated ahgeandex representing the mean

temperature in Europe from the eight series pravildePowernext.

2.5.3. Weather influences

In order to analyze the individual impact of weatkhariables in the COemission
allowance returns, we have separated the carbomselby considering extreme weather
conditions and their persistence for each of theethclimatologic variables (air
temperature and rainfall precipitation in Germamg air temperature in Europe). In
particular, we define a day as extremely dry (cdid)l the daily rainfall (temperature)
indices of up to a maximum of five consecutive jpvas days are in the first quintile.
Note that in the case of aemperature for Germany, the indices of the minimaim
temperature and the maximum air temperature haes lesed in order to better
distinguish the extreme weather. That is, the gasthave been calculated from these
series and the lower and upper quintiles have lmb@sen to construct the dummy

variables representing the extreme temperature.

If weather has an influence on g@turns, the weather extremes will present abnborma
returns and their signs would depend on which dihogic variable we are

considering. For example, if temperature influenza®on prices, both the hot and cold
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days will present abnormal and positive returnse €hergy use in extreme weather is
higher than in moderate weather. When there isemdly cold weather the use of
heating is larger, leading to an increase in eneamgumption that provokes the raising
of allowance prices as a result of the larger, €@issions. In the case of extremely hot
weather, the increase in energy use would be cabged jump in the use of air

conditioning.

Similarly, if rainfall affects carbon prices, thaimy (dry) days will present abnormal
and negative (positive) returns. The explanatiotha with high (low) precipitation
levels, the possibility of producing hydroelectiycis larger (smaller) than without
(with) them and so it is (not) possible to switateryy production from an intensive
emission source to a non-intensive emission one éansequence, a reduction (rise) of
real emissions would take place and the pricesre$sgon allowances would decrease

(increase).

To test the presence of abnormal returns, we agyglynon-parametric Kruskal-Wallis

statistic that makes no distributional assumptimmgeturns and test the null hypothesis
of equality of the medians between the extremetd@iand the remaining observations.
Additionally, to check that the number of observasi belonging to the extreme quintile
is randomly drawn from the total number of obsaorat, an additional non-parametric
test has been performed. Thus, we have calcul&eg?tstatistic that tests the null

hypothesis that the expected frequency of posiiveegative return days among the
observations in the chosen quintile equals theselfrequency of positive or negative

return days among all the observations of the gelore specifically, the test statistic
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used is the square of the observed frequer@y \{ith respect to the estimated

frequency ), weighted by the estimated frequency. The tesdraon is:

where k is the number of categories.

Table 3 presents the results for rainfall prectptaand air temperature in Germany,
while Table 4 shows the results for air temperatnrgurope. In relation to temperature
in Germany (Panels A and B in Table 3), we can egate that both extreme variables,
the one representing the persistent cold days lamdther representing the persistent
hot days, have statistically significant higher med. That is consistent with what we
would expect. The? — statistic test results for this varialalee quite different. Only in
the case of extremely hot weather and with a persie of at least three days, can we
say that there are statistically more positiverretun the last quintile than in the rest of
the sample. Nevertheless, although the frequen@psitive returns in the first quintile
are not statistically different from the frequenafypositive returns in the rest of the
sample for the extremely low temperatures, giveat the median is still statistically
larger (Kruskal-Wallis test), we would expect a ifiee and significant effect of

extremely low temperatures on gfaturns.

In the case of rainfall (Panels C and D in Tableag would expect that extremely high
precipitation levels would lead to a decrease iogsrand thus negative returns. The
empirical results of Kruskal-Wallis tests for bathses confirm these expectations. On
the one hand, when considering extremely dry ddngsmedian values are statistically

larger in the first quintile than in the rest okteample in the case of persistence up to
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three days. With persistence longer than three ,days do not observe statically
significant differences in medians. On the othendhavhen analyzing extremely rainy
days, there are not enough observations when angjdlong persistence (four and
five consecutive rainy days) and for this reasanrésults have to be taken with care. If

we consider persistence up to three days, the mediaes are statistically smaller.

Table 4 exhibits the results for the European weratRanel A shows the results for
extremely low temperatures (the first quintile loé tmean air temperatures) and Panel B
presents them for extremely high temperatures [#s¢ quintile of the mean air
temperatures). Only in the case of high temperat(Panel A) does the— statistic test
lead to more positive returns in the last quintdan in the rest of the sample. The
Kruskal-Wallis tests reflect that the medians o tjuintiles and the medians of the
remaining samples are not statistically differédhe reason that could explain these
results is that when we consider a European weatdex, the extremes are smoothed

out and they are not different enough from the oéthe sample.

2.6. WEATHER AND NON-WEATHER INFLUENCES

Following Christiansen and Arvanitakis (2004), tivece of CQ emission allowances
depends on both the demand and supply of allowarEes the first European
commitment period, the supply of allowances is eabpy the EU ETS through the
NAPs. As we have mentioned, the NAP is the docunenihich each European
Government decides how many allowances will beridisted among the companies
affected by the 2003/87/EC directive of the Europé&mion. However, the market

supply is the total of all the allowances that camips decide to offer. Therefore, the
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key issue is to what extent the agents anticiphée real amount. The differences
between the expectation and the real amount voligke real variations in prices. Most
of the plans for the first commitment period (2Q@7) were approved by the
European Commission before 2005. Only five coustsiebmitted the Allocation Plans
during 2005"" The impact on C®emissions allowance prices’ of these five Allocati

Plans has been studied through an interventionysisaand the results were not
statistically significant. One possible explanatfonthis is that since the NAPs should
have been approved by the European Commission 0d,2he effect had probably
already been discounted by the agents. Therefa@eyll focus on those aspects that
the literature and the market agents indicateittilatence the demand for G@mission

allowances.

In order to capture the effects of energy relat@dables on C@prices, and taking into
account the effects considered before, we haveomeeld multivariate linear
regressions using the least squares method. Wedsaveated the equation by applying
the Newey-West covariance matrix estimator thatassistent in the presence of
heteroskedasticity and autocorrelation. In paréiculwe have implemented the

following model with dynamics in the energy variedl

rc,t = al + ﬂl(L)rg,t + a-1(|—)rb,t + ﬂ(l—)rcl,t + leath +,71Dmax1 + ¢1Dmin,t + gt (1)

wherer.; is the CQ returns seriegg; is the gas returns serigg, is the Brent returns
series It IS the coal returns seriesrefers to the time considered, is the constant,

Fi(L) is the lag polynomial related to the gag(L) is the lag polynomial related to

4" The National Allocation Plans approved in 2005 thg European Commission are those of the
following countries: Czech Republic and United Kdogn (12/04/2005), Poland (08/03/2005), ltaly
(25/05/2005) and Greece (20/06/2005).
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Brent, y1(L) is the lag polynomial related to codmax: and Dmint are two dummy
variables that eliminate the effect of three pusitand three negative extreme £O

returns respectivel$? ¢ is the error term of the regression.

Additionally, we have introduced in the model tteigble defined aRatiq, calculated
as the quotient between the gas return and the retain, in order to capture the

switching possibilities between gas and coal.

We have conducted the analysis taking into accdifférent lags for Brent, gas and
coal returns. The picture is very similar in aktbcenarios and, in order to simplify the
exposition, we present only the results for one [Hge results of the model (1) are
reported in Table 5. The coefficients and theaitatisticsare shown in Panel A while the
R? the Adjusted R the Akaike Infromation Criteria(AIC) and theSchwarz Criteria

(SC) are presented in Panel B.

The coefficients of the three contemporaneous eneggiables are not statistically
significant at the 5% level. However, the coeffitiefor lagged Brent returns is
statistically significant at the 1% level and theefficient for gas lagged returns is
statistically significant at the 5% level. BothtbEm are positive and therefore they are
consistent with what we would expect, that is tg, she return of C@ emission
allowances increase with Brent and gas returnsprisimgly, neither the coal returns
(contemporaneous and lagged) nor the quotient leetwiee gas returns and the coal

returns are statistically significant. Finally, tdemmy variables are also statistically

“8 Given that the market is immature, we have est@ithahe model controlling for the extreme £O
movements. The CQOreturns considered are the three highest (thaespond to the days 10/01/2005,
14/07/2005 and 22/07/2005) and the three lowesit @brrespond to the days 21/03/2005, 22/03/2005
and 04/04/2005) of the sample.
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significant; this means that the three extremetpesand three negative values help to

explain the series of CQeturns.

The estimated model does not include weather asabs regressors. To capture
jointly the effects of weather and energy-relatadables on C@returns, we follow the
line proposed by Roll (1984) where temperature raitfall data are used to model the
futures returns in frozen concentrated orange juRml (1984) finds little evidence of
an influence of weather on the price of the contraBoudoukh et al. (2005), in a later
article, show the difficulty in introducing weath@to a model to explain the returns of
frozen concentrated orange juice contracts comrdenteabove. They present some
models where the temperature is introduced in mdiffe ways in order to find some
evidence of the impact of this variable. In thiseathe authors find larger impacts of
temperature than in the case of Roll (1984), aed Hitribute those impacts to the non-
linear structure of the different models considededour study, we firstly include the
weather variable in a linear form, but we alsoddtrce dummy variables reflecting
extreme weather conditions. Those variables ardagito some dummies taken into
account in Boudoukh el al. (2005) and we introdtieam in order to collect possible

non-linearity influences of weather variables.

Firstly, we estimate the model taking into accoting German weather and secondly,
we estimate the model considering the Europeanhseathe estimated model for the

case of Germany is given by:

rc,t = az +IBZ(L)rg,t +62(L)rb,t +¢2(L)rcl,t +y2Ratiq +,72Dmax,t +¢2Dmin,t +K2Tm +
+ :uZ DT max + 02D + VZRR +w2DRRmax,t + wZDRRmin,t + gt

(2)

T min,t
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whereTm is the index series of mean air temperatDrgsax: iS the dummy related to

the extremely high temperatu®;mint is the dummy referring to the extremely low
temperatureRR is the total precipitation indeXgrrmax IS the dummy that reflects the
extremely rainy dayDrrmint IS the dummy that captures the extremely dry cangb::

is the error term. All climate dummy variables takdo account the three-day

persistence of the climatology effect in Germarge($able 3).

The results of this model are presented in equa@rof Table 5. The adjusted®R
increases from 41.50% to 47.81%; the AIC decreamseslation to the equation (1) and
the SC remains the same. Therefore, the weatheende is relevant on GQeturns.
The coefficients of the Brent and gas lagged retame still statistically significant at
the 5% level; the size of the former decreasesttjign relation to the regression (1)
while the coefficient of the latter increases. Toefficient of the variabl®atiq is still

not statistically significant. With regard to weethvariables, we observe that the mean
temperature index, the total precipitation inddve tainy days and the dry days do not
have significant influence on the @@eturns. However, we find that both dummy
variables related to the extreme temperaturestatistgally significant at the 1% level.
The impact of these variables on the G€urns is positive, which means that the prices
of CO, increase with extremely hot and cold days. As &xpld in section 5.3, this is

consistent with what we would expect.

Following Boudoukh el al. (2003) we have also cdesed additional scenarios which
take into account the distance of the daily tentpeeaof the previous day from the
reference temperature that separates the heatgrgeddays and the cooling degree-

days. Different reference temperatures have beesidered and the results obtained
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were always very similar to the results obtainethwhe dummy variables related to the

temperature considered in this study.

In order to consider the weather in Europe, we takethe series of German weather in
the model in Equation (2) and introduce in theisgel the series for the weather in
Europe. The model for the case of European weatlgven by:
rc,t = a3 + 133(L)rg,t + 53(L)rb,t + ¢3(L)rcl,t + ysRath +,73Dmax,t + ¢3Dmin,t +(3)
+K3TmEt + ,UsDETmax,t + 93DETmin,t + &,
whereTnT is the European index series of mean air temperddimax: is the dummy
related to the extremely high temperature &%hmin: is the dummy referring to the

extremely low temperature.

The results of this model are presented in EquaBoof Table 5. The R-adjusted
decreases in relation to Equation 2 because tke thuropean weather variables are not
statistically significant. Therefore, the AIC anletSC are larger than in the other

equation.

To better understand these results, we have toitd@econsideration two facts. First,

the use of the mean air temperature in Europe tairothe dummy variables does not
capture the extreme weather as properly as the nuawi and the minimum air

temperature used in the case of Germany. Secome& dalculate a European weather
index, the extreme weather will be smoothed bectheselimate in the North and in the
South countries is balanced. Furthermore, it isortgnt to remember that the vast
majority of trading participants in the EEX marldaring the sample analyzed were

German companies that are concerned with the Geweather.
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2.7. SUMMARY AND CONCLUDING REMARKS

Most of the theoretical models dealing with thetdas that determine COprices
suggest that energy prices and weather factorgldofilence allowance prices. These
factors are, in general, consistent with marketngjeperceptions. In this paper we
focus on the daily C@returns during 2005 in an attempt to examine theéedying
rationality of pricing behaviour. In particular, this study we analyse several models to

corroborate the influence of energy and weathaakibas on CQreturns.

The results show that the most important varialiiebe determination of CQOreturns
are the Brent and natural gas returns. We alsoefundence that extremely hot and cold
days in Germany have a positive influence on, @fies. In contrast, we also find some
counter-intuitive results such as the fact thatheei the price of the most intensive
emission source (coal) nor the switching effectiMeein gas and coal returns affectCO
returns. Nevertheless, all the variables that &aéissically significant influence the
carbon returns in the sense we would expect arméftire, we find some evidence of
the rationality of this market, that is, the daftyward prices do reflect underlying
conditions at the micro-level and so carbon marlats not as irrational as some

participants and observers have suggested.
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Table 1: Cross Correlation coefficients.

This table presents a cross correlation analygmiges and returns between theropean Carbon Indeand spot markets (Panel A)
and between thEuropean Carbon Indeand futures markets (Panel B). Sample period stmsi data from 1st January 2005 to
30th November 2005. GOndex is the OTC future contracts index calculabydEEX, Powernext refers to the spot prices in
Powernext, Nord Pool to spot prices in Nord PodililevNord Pool_05 refers to the future contracturiag in 2005, Nord Pool_06
in year 2006 and Nord Pool_07 in year 2007. ECX¥reefo the future prices in ECX with maturity in0Z) EEX_06 refers to the
future prices in EEX with maturity in 2006 and EEX _to the future prices in EEX with maturity in Z200’he critical value for the
statistical significance of the correlation codffint is calculated as 2/ All the coefficients are statistically signifivgat the 5%

level.

Panel A:European Carbon Indeand Spot Markets

Prices POWERNEXT NORD POOL
CO; Index 0.979 0.969
POWERNEXT 1.000 0.993
NORD POOL 1.000
Returns POWERNEXT NORD POOL
CO; Index 0.611 0.616
POWERNEXT 1.000 0.854
NORD POOL 1.000

Panel B:EEuropean Carbon Indeand Futures Markets

Prices NORD POOL_05 NORD POOL_06 NORD POOL_07 ECX EEX_06 EEX_07
CO; Index 0.951 0.945 0.943 0.965 0.976 0.975
NORD POOL_05 1.000 0.996 0.993 0.993 0.987 0.986
NORD POOL_06 1.000 0.999 0.988 0.992 0.992
NORD POOL_07 1.000 0.988 0.992 0.992
ECX 1.000 0.989 0.989
EEX_06 1.000 0.999
EEX_07 1.000
Returns NORD POOL_05 NORD POOL_06 NORD POOL_07 ECX EEX_06 EEX_07
CO; Index 0.626 0.645 0.644 0.503 0.651 0.643
NORD POOL_05 1.000 0.945 0.971 0.764 0.829 0.812
NORD POOL_06 1.000 0.960 0.673 0.840 0.824
NORD POOL_07 1.000 0.751 0.863 0.851
ECX 1.000 0.465 0.454
EEX_06 1.000 0.996
1.000

EEX_07
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Table 2: Correlations of CO, and energy variables returns.

Panel A of this table shows the correlation coeffits between the GQ@eturns and the energy variables returns. Pamep8Brts the
correlation coefficients between energy variabktsims lagged one period and the ,G@lex returns as well as the correlation
among the energy variables and the energy variédgeed one periode, refers to returns of COndex traded at EEX,; are the
returns of Brent futures traded at IPE; the returns of Natural Gas futures traded at IR& ra, the returns of coal futures
published by TFS;. .. are the returns &80, indextraded at EEX lagged one periag,, are the returns of Brent futures traded at
IPE lagged one periody1 are the returns of Natural Gas futures tradedPBt lagged one period, amg., the returns of coal
futures published by TFS, also lagged one peribe. dritical value for the statistical significanaiethe correlations coefficient is
calculated as 23, * indicates the coefficients are statisticallgrsficant at the 5% level.

Panel A
et bt gt leit
let 1.000*
It 0.093 1.000*
lgt 0.195* 0.139* 1.000*
Feit 0.055 0.024 - 0.073 1.000*
Panel B
let bt gt leit
let1 0.202* - 0.002 0.030 0.140*
Ibt-1 0.268* - 0.067 0.042 0.065
lgt1 0.216* 0.033 0.247* 0.118

leoit1 0.010 - 0.030 - 0.103 0.102
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The different panels in this table show the sarfarimation for different extreme weather variablesGermany. Panel A shows the
results for extremely low temperatures (the firsingjle of the minimum air temperatures), PanebBéxtremely high temperatures
(the last quintile of the maximum air temperatur&snel C for extremely low rainfall precipitatiand Panel D for extremely high
precipitation. The first column of each panel répdhe days of persistence from one to five cortbexdays of extreme weather.
The next three columns are related to the firdasr percentile (depending on where the data obme weather is situated). The
number of observations, the percentage of positierns in that percentile and the median of therns of the percentile are
shown. The next two columns refer to the rest efgample. The first one shows the number of returttse rest of the sample and

Table 3: Carbon returns and extreme weather conditins in Germany.

the second one the median of these observatiomslashtwo columns are the results of the two naraymetrical tests. K-W is the
column of the Kruskal-Wallis test anéithe results of thg’-statistic test. * denotes statistical significantd % and ** at 5% .

Panel A: Low Temperaturas

r. > 0 and first quintile Remaining observations stEe
2
Num. Obs % r>0 in first quintile Median Num. Obs Median K-W X
Value Value
5d 18 64.28% 1.88% 215 0.26% 14.5816* 0.5950
4d 21 63.63% 2.02% 212 0.22% 16.6702* 0.4077
3d 23 60.52% 2.02% 210 0.22% 17.6958* 0.0000
2d 26 61.90% 1.52% 207 0.19% 15.9548* 0.0808
1d 29 64.44% 1.30% 204 0.18% 16.7* 0.6462
Panel B: High Temperaturas
r. > 0 and last quintile Remaining observations tdes
2
Num. Obs % r>0 in last quintile Median Num. Obs dida K-W X
Value Value
5d 13 72.22% 0.57% 220 0.39% 2.5756 5.736**
4d 15 71.42% 1.02% 218 0.36% 4.7267** 4.9847*
3d 18 2% 1.93% 215 0.27% 8.5658* 5.5203**
2d 20 64.51% 1.77% 213 0.27% 8.6158* 0.6700
1d 27 65.85% 1.86% 206 0.18% 13.299* 1.1928
Panel C: Low rainfall
r. > 0 and first quintile Remaining observations stfe
2
Num. Obs % r>0 in first quintile Median Num. Obs etlan K-w X
Value Value
5d 5 35.71% 0.64% 228 0.42% 0.28790 25.7415*
4d 9 47.36% 0.64% 224 0.39% 1.7729 7.2332**
3d 15 51.74% 0.87% 218 0.31% 5.9508** 3.2342
2d 25 58.13% 0.82% 208 0.18% 7.3789* 0.2362
1d 38 57.57% 1.00% 195 0.12% 17.9394* 0.3616
Panel D: High rainfall
r. < 0 and last quintile Remaining observations tdes
2
Num. Obs % r<0 in last quintile Median Num. Obs diden K-w X
Value Value
5d 0 - - 233 - - -
4d 1 33.33% -10.67% 232 0.42% 2.8727 1.1819
3d 2 28.57% -8.17% 231 0.42% 5.3724** 4.2649**
2d 7 28.88% -1.59% 226 0.48% 10.8297* 0.0029
1d 17 36.17% -1.59% 216 0.59% 22.1720* 0.2545
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Table 4: Carbon returns and extreme weather conditins in Europe.

The different panels in this table show the sarfierination for different extreme weather variablBanel A shows the results for
extremely low temperatures (the first quintile bétmean air temperatures) and Panel B for extretrigly temperatures (the last
quintile of the mean air temperatures). The fidtumn of each panel reports the days of persistéoe one to five consecutive

days of extreme weather. The next three columnsetaed to the first or last percentile (dependingwhere the data of extreme
weather is situated). The number of observatidrespercentage of positive returns in that perceatild the median of the returns
of the percentile are shown. The next two colungfisrrto the rest of the sample. The first one shiesnumber of returns in the
rest of the sample and the second one the medidinesé observations. The last two columns are ékelts of the two non-

parametrical tests. K-W is the column of the Krudkallis test andy® the results of thg?-statistic test. * denotes statistical
significance at 1% and ** at 5%.

Panel A: Low Temperaturas

rc > 0 and first quintile Remaining observations Tests
K 2
Num. Obs % r>0in first quintile ~ Median Num. Obs Median K-W X
Value Value
5d 35 54.29% 0.42% 198 0.42% 0.0384 1.6240
4d 39 56.41% 0.42% 194 0.42% 0.1093 0.7051
3d 43 58.14% 0.18% 190 0.43% 0.0628 0.2362
2d 45 60.00% 0.42% 188 0.42% 0.3151 0.0111
1d 47 59.57% 0.41% 186 0.43% 0.0976 0.0370
Panel B: High Temperaturas
rc > 0 and last quintile Remaining observations Tests
2
Num. Obs % r>0 in last quintile Median Num. Obs dide K-W x
value Value
5d 28 57.14% 0.19% 205 0.45% 0.6039 14.4624*
4d 32 56.25% 0.19% 201 0.45% 0.4592 13.1012*
3d 35 57.14% 0.34% 198 0.43% 0.1534 14.4624*
2d 39 58.97% 0.26% 194 0.45% 0.1936 17.4649*
1d 48 60.42% 0.35% 185 0.46% 0.2173 20.0286*
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Table 5: Results of equation (1), equation (2) anelquation (3).

Panel A presents the estimates of equation (1)arfd)(3). Equation (1) is the regression of,@&urns on energy variables and
energy variables lagged one period. Equation (8)ésegression of CQeturns on energy variables and German weath&bles.
Equation (3) is the regression of €@turns on energy variables and European weatr@blesry; are the gas returns,; are the
Brent returnstg, are the coal returns amngk.1, o1 o1 @re these variables lagged one period. Raticeisjtiotient betweeny; and
re:-The Dummy variables correspond to the extremeegatf the C@returns. Qax; collects the extreme positive returns anghD
refers to the extreme negative ones. The coeffigiehall those variables and the t-statistic assented in Panel A for equations
(1), (2) and (3). In equation (2), the variablesie are Ty the mean temperature index for Germany; fRR rainfall index for
Germany; Bmint, the dummy reflecting the extremely low temperatfor Germany; Bnax: the dummy reflecting the extremely
high temperature for Germanygghin: is the dummy reflecting the extremely low rainfldt Germany and Rkmaxs the dummy
reflecting the extremely high rainfall for Germariy. equation (3) the variables added areJhe mean temperature index for
Europe, Brmine the dummy reflecting the extremely low temperatioreEurope and B the dummy reflecting the extremely
high temperature for Europe. Panel B reports thetlie Adjusted R the Akaike Information Critera (AIC) and the Scire
Criteria (SC). * and ** denotes statistical sigoéhce at 1% and 5% level respectively.

Panel A
Equation 1 Equation 2 Equation 3
Variable Coefficient t-Statistic Coefficient t-8itdic Coefficient t-Statistic
o1 0.0020 0.9643 - 0.0068 - 2.003** -0.0011 -034
It 0.1371 1.3237 0.1502 1.3905 0.1381 1.3136
Ibt-1 0.2792 2.6039* 0.2320 2.2120** 0.2837 2.6154*
lgt 0.0503 0.5742 0.0531 0.6399 0.0534 0.6111
lgt1 0.1390 2.3433* 0.1223 2.4879* 0.1380 2.2824**
Foit 0.0533 0.3895 -0.0143 - 0.1045 0.0575 0.4175
lot1 -0.1278 -0.8716 -0.1634 -1.1449 -0.1177 81903
Ratio -0.0001 - 1.7806 - 8.13E-05 -1.6382 - 0100 -1.7622
Dmaxt 0.1219 26.6404* 0.1275 30.6587* 0.1227 24.3783*
Dhmin,t -0.1160 -6.7061* -0.1061 - 5.1494* -0.1173 6.5957*
Tm, 0.0006 1.4306
Drmaxt 0.0140 2.8519*
Dmin t 0.0303 4.8920*
RR 0.0005 0.7185
Drr maxt -0.0214 -1.7448
Drr min t 0.0065 1.6109
Tm% 0.0002 0.3404
D maxt 0.0028 0.3548
D rmint 0.0026 0.3580
Panel B
Equation 1 Equation 2 Equation 3

R-squared 0.4380 0.5123 0.4400

Adjusted R-squared 0.4150 0.4781 0.4090

AlC -4.4243 -45134 -4.4018

SC -4.2749 -4.2747 -4.2075
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Figure 1: Comparison of Spot and Future prices acrss different
European markets.

Sample period from 24October 2004 to Z1March 2006. This figure shows the trend of {fices from the beginning of each
market. The figure A (B) shows the spot (futuresge of CQ European Allowances. The vertical lines indicate pleriod of the
study. Source: EEX, Powernext, Nord Pool, ECX and elaboration.

Figure 1-A. Spot Prices of G@llowances.
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Figure 1-B. Future Prices of GBllowances with maturity in December 2005.
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Annex 1: Augmented Dickey-Fuller Tests.

Augmented Dickey-Fuller (ADF) Tests used both iels and in first differences. Panel A (B) shows ADF Tests statistics for
prices (returns) series of Brent, Gas and Coal. WWtawn (1991) critical values for rejection of hypesis of a unit root are -
2.57432218 (for 1% of confidence) and -1.940993665% of confidence).

Panel A: ADF Test statistics for prices series

ADF Test statistics

CO, Prices 0.4097
Brent Prices 0.9507
Gas Prices 1.0886
Coal Prices -0.8807

Panel B: ADF Test statistics for returns series

ADF Test statistics

Brent Returns -10.5337
Gas Returns -12.5607
Coal Returns -11.6328

CO2 Returns -9.0535
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CHAPTER 3

The Impacts of National Allocation Plans on Carbon
Markets
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3.1. INTRODUCTION

Since 1 January 2005, the European Union Emissranlifig Scheme has facilitated
trading in a new market: the European Union Alloees (EUAs) market. In this
framework, it has been possible to trade the riglemit one tonne of C&equivalent
(COx-e) in many organized markets in Europe since ldrdaey 2005 and thus the
interest in studying the efficiency of this marketits early state. The structure of the
emission markets and the legislation from the EeaopUnion that organizes the
obligations of Member States leads to sporadi@asae of information concerning many
aspects that may have an influence on the carboketsa Among those aspects, we
find (i) news related to the National AllocationaR$, documents in which each
Member State determines both the total quantit¢©f-e allowances available and the
allocation made to each installation covered byEBWeETS, and (ii) the announcements
of the actual and verified emissions by the comgmmaind Member States through the

European Commission.

The release of information in carbon markets hasesattractive features for both
academics and traders: it is unscheduled, spoeadicmumerous. The aim of this paper
is to study the impact of new information on carlpsites and their volatility. To our

knowledge this is the first attempt to study thssue for this new market. In the
literature on Futures Markets, there are a largebar of articles that apply the event
study methodology to study how and when informatsorters the market in a huge
variety of contexts. Following McKenzie et al. (200two event study approaches are
used. The first one consists of estimating the abhabreturns as coefficients of the

dummy variables that correspond to event daysrggeession (see Christie-David and
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Chaudhry (2000), Lusk and Schroeder (2002) and Sim@mnd Ramchander (2004),
among others). The second approach is the Corgeemt Return model that measures
the abnormal returns from a benchmark period (saanvand Dowen (1997) and Tse
and Hackard (2006), among others). In this studg, ave followed these two
approaches when applying statistical event studyhod®logy using daily carbon
futures returns. However, the particularities of data series forced us to adapt the
methodology to the existence of a huge amount of wosed and unscheduled
announcements affecting a sole price series. laraa minimize big surprises during
the prediction period when applying the ConstanaiM&eturn model, we propose the
Truncated Mean model. This approach is a modificatf the Constant Mean Return
model in which the abnormal returns in the estioratperiod are obtained using a

truncated mean.

The paper is structured as follows. The next secégplains in detail the types of
announcements we have considered, how the reldaséoomation is produced and
when it should arrive in the market. The Europearaon markets are briefly described
in Section 3. The different price series are pregkiand the correlations among them
are obtained in order to select the longest ancemepresentative series of European
carbon prices. The influence of the different typésannouncements on both returns
and volatility are analysed in Section 4 and 5peesively. Finally, the last section

summarizes the most important findings and therticoles.

3.2. RELEASE OF INFORMATION IN THE EUROPEAN UNION E MISSION
TRADING SCHEME

In the framework of the Kyoto Protocol, the Eurapeé#nion has set up the Emission

Trading Scheme (ETS) in order to reduce greenhgaseemissions. The European
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Union Emission Trading Scheme (EU ETS) started darduary 2005 and is driven by
the 2003/87/EC directive, amended by the direc2®@4/101/EC. The objective of the
reduction of emissions is scheduled by Phasesofonitments periods). The European
Union has established the period 2005-2007 as Ah&m®ase I, which coincides with

the first compliance period of the Kyoto Protoaalnges from 2008 to 2012. Phase llI

will probably start in 2013.

Following the criteria given by the European Consiug, for each Phase of the EU
ETS, each Member State in the European Union hakabmrate its National Allocation
Plan (NAP). The NAP is the document in which then\ber State determines both the
total quantity of CQ@-e allowances available in the Member State andatlueation
made to each installation covered by the Scheme.dFaft of this document must be
published for public consultation before the MemBéate final version is delivered to
the European Commission. Once the NAP has beefiedlptihe European Commission
has 3 months for its assessment, and the pubiicafithe corresponding Commission
Decision. It is compulsory that the European Corsiois approves the NAP of each
European country. If it is not the case, the NAM & modified until the European
Commission approves it. All NAPs must be submitethe European Commission by
the end of the June two years before the stahefcorresponding Phase, so that the
final NAP can be approved at the end of that y&he procedure makes it difficult to
know in advance the exact date of publication af n&ormation. Nevertheless, on the
web page of the European Commission the informattmout the NAPs with
Commission Decisions, the notified NAPs to the Cassion and the Drafts for public

consultation are made pubfitFigure 1 depicts this process graphically.

“9 See http://ec.europa.eu/environment/climat/2nds@hep.htm for the detailed information.
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[Please, insert Figure 1].

To supervise the achievement of the objectives, Hueopean Commission has
established that each company covered by the 203I8Directive must submit every
31 March the verified emissions of the previousrydalditionally, those companies
must surrender not later than 30 April the allowemnof the previous year. For example,
the companies submitted 2005 verified emissionortepby 31March 2006 and

surrendered the allowances of that year no latem 80 April 2006. The Commission
Independent Transaction Log (CITL) informs pundiuahbout the exact day of

publication of the compliance of the majority ofettcompanies covered by the
2003/87/EC Directive. When this information is psbéd the agents in the market
know whether the companies are long or short ipaesof the allowances that they
have received for free from their governments. Addally, around 15 May, the

Members States must submit a report of the verifedission to the European
Commission including all the companies in the courtovered by the European

Directive. All those reports are also made puliirough the CITL.

Specifically, the different types of announcemeitzve been divided into two
categories: news strictly related to National Aflbon Plans (NAPs) and news related
to the Verification of Emissions (VER). In the firgroup we have 6 categories of
events: Notification of Phase | NAPs (NAPs for Rhasf the EU ETS: 2005-2007) to
the European Commission (NOT1), Notification of Adwhal Information related to
the Phase | NAPs to the European Commission (NAApproval of the Phase |
NAPs (A1), Notification of Phase Il NAPs (NAPs fBhase Il of the EU ETS: 2008-
2012) to the European Commission (NOTZ2), Notifisatiof Additional Information

related to the Phase Il NAPs to the European ComiomgNAI2), and Approval of the
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Phase Il NAPs (A2). In the second type of evethis,\terification of Emissions, there
are 2 subcategories: verified emissions for ther @05 (VER2005) and verified

emissions for the year 2006 (VER2068).

3.3. EUROPEAN CARBON MARKETS AND SELECTION OF DATA

There exist several organized markets in Europaevités possible to trade EUAs. The
EUAs are defined as the right to emit one tonne Gf-equivalent (tCQ-e).
Specifically, EUAs can be traded in spot marketshsas Bluenext (Paris), Energy
Exchange of Austria (EXAA, Vienna), Nord Pool (Ogl&uropean Energy Exchange
(EEX, Leipzig), and Gestore Mercato Elettrico (GMEoma). There is also a pan-
European platform called Climex Alliance where @shbeen possible to trade spot
contracts since July 2005. Furthermore, Nord P&aliopean Climate Exchange
(ECX/IPE, London) and EEX markets have listed Fegucontracts with EUAs as the
underlying commodity, and Bluenext will list thigpe of contract in the near future.
Note that in all Carbon Futures Markets, there hiagen listed futures contracts for
Phase | and Phase Il of the EU ETS. Phase | iagrénished and thus, at the present
time it is only possible to trade Phase Il futucesitracts. Since 13 October 2006 the
ECX also trades Options on the EURS? Figure 2 shows the traded volume in both
spot and futures markets. The traded volume isbhptaigher in futures than in spot

markets and the market with the highest featuremliome is the ECX.

¥ See Annex 1 for the list of dates with the anneument that took place on each particular date.

*1 Additionally it has been possible to trade futucesitracts of Certificate Emissions Reduction units
(CERS) in Nord Pool since June 2007. A CER is daioée unit of greenhouse gas emission reductions by
a project registered under the Clean Developmerthisiigism of the Kyoto Protocol. Those units may
also be traded in Bluenext and in ECX. It will alse possible to trade CERs through spot contracts i
Bluenext in a near future.

®2 For additional information about these markets theeofficial web pages of the carbon markets in
Europe: Bluenext (www.bluenext.eu/), CLIMEX (wwwrokex.com), EEX (www.eex.de), ECX/IPE
(www.europeanclimateexchange.com), EXAA (www.exédenas), Nord Pool (www.nordpool.no), and
GME (http://www.mercatoelettrico.org).
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[Please, insert Figure 2].

It must be pointed out that not all the carbonitrgds done in organized markets. The
European Energy Exchange (EEX) soon calculatech@exi of over-the-counter (OTC)
forward carbon pricesalled CO, Index or European Carbon IndexThis index has
been published and provided on each trading dagn f@5 October 2004 to 30
November 2005. The index is a volume-weighted agee@ice of OTC forward trading
activities of market participants with delivery r80 April 2006. The London Energy
Brokers’ Association (LEBA) also created an OTChear index2® The LEBA Carbon
Indexis calculated every trading day using the voluneggivted average of EUA trades
transacted by LEBA member firms and takes into antall carbon deals transacted

with delivery on 1 December 2007, 1 December 2@8,1 December 2009.

We have compared in Figure 3 the Europ€ad Index from EEX with theLEBA
Carbon Index(Panel A), the Bluenext spot price series (Panearil the ECX futures

contract with delivery in December 2007 (Panel C).
[Please, insert Figure 3].

As we can appreciate from Figure 3, the evolutibralbprice series has been really
similar. Prices started around 8 €/t£®by the time the EU ETS was launched and
were relatively stable until February 2005. Thea grices increased reaching a peak
(29.30 €1tCQ-e) on 7 July 2005. The prices decreased and siaybe 20-25 €/tCQe

range until December 2005 when a bullish periodexia Another peak was reached on

3 The LEBA is comprised of 10 members, who provideszage for all key product groups in the energy
sector: oil, gas, power, coal and emissions.

> LEBA also calculates two more indices. The firseds theLEBA 0800-1000 Carbon Indexhich
takes into account all carbon deals transacted detivery on 1 December 2007, 1 December 2008 and 1
December 2009 between 8 a.m. and 10 a.m. The secendEBA Carbon Index Spoatakes into account

all carbon deals transacted with delivery on sp@tetember 2006, 1 December 2007 and 1 December
2008. Please see http://www.leba.org.uk for mof@rmation on the LEBA members and index.



96 Essays on CO

18 April 2006 when Futures prices with delivery Peber 2007 were above 30
€/tCO,-e. Successive decreases brought the carbon poidee range 15-20 €/tGe.
On 21 September 2006 a decreasing price trene@tdrat would not stop until the end
of the sample (18 May 2007). On 7 November 2006egridefinitively broke the 10
€/tCQO; barrier and on 19 July 2007 reached the barriet 6ftCQ for the first time.

The prices were at 0.28 €/tG@n 18 May 2007, the end of the sample period.

The similar trend between figures can also be cmafl with a cross correlation

analysis in prices (Panel A of Table 1) and retfenel B of Table 1}
[Please, insert Table 1].

All the contemporary correlation coefficients atatistically significant at the 5% level.
The positive and significant correlation coeffidenindicate that all markets are
strongly correlated and all of them incorporate itifermation in a very similar wa3.

We find the same results when comparing the futmetracts that continued being

traded after 30 November 2005.

To analyse the influence of NAPs related announoésnen carbon prices, we are
interested in the most representative series of Fldées. Taking into account the
above mentioned findings, we have chosen the fahpedce of theCO, Indextraded in
the European Energy Exchange (EEX), from 25 Oct@@¥4 to the expiry of the
contract (30 November 200%) This was the longest reference price for the Eemop

carbon market during the first year of the EU Eh8,aas showed before, it was highly

%5 As we justify in Section 4, the returns have bdefined as=In(P/P.,), whereP is the price series at
timet.

% Since in the EXAA market the trading takes plaoéy@nce a week, it has been eliminated from the
correlations of prices and returns as the numbebsérvations is very small. Climex Aliance and GME
have also not been included since not enough dataailable.

" The data was obtained directly from the EEX welepag
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correlated with the other markets both in priced sturns. From 1 December 2005 to
the end of the sample (18 May 2007), we have usecEuropean Climate Exchange
(ECX) nearest futures contract data because, dsawe seen in Panel B of Figure 2, it
is the carbon market with the highest featuresadime® In this paper we study the
effects of NAP announcements on Phase | futurezegrilt is important to note that
with the sample period considered (24 October 20058 May 2007), we have taken
into account all the announcements related toiteetivo years of the EU ETS (2005
and 2006) as we waited until the 2006 verified smiss were made public (around 15

May 2007).

Finally, given that carbon prices are not statignésee Figure 3 and Panel A of
Table 2), they have been converted into statiomatyrns taking first logarithm
differences. That is, we have carried out our studing continuous compounded
returns constructed as = In(Pc: /Pcr.1) wWhere P.; is the carbon price at time
Additionally, we have calculated the statisticscafbon returns. As can be appreciated
in Panel B of Table 2, the normality hypothesistfoe carbon returns series is rejected.
The Jarque and Bera test statistic indicates ligatarbon returns series is non-normally

distributed. Furthermore, the series present matthrftails than a normal distribution.

[Please, insert Table 2].

*% Following http://www.europeanclimateexchange.cafddlt_flash.asp, we have construct the ECX
nearest Futures contract series as follows: fror@@@ember to 27 March we have taken the March 2006
contract, then the June 2006 contract, the Septe2tlf¥6 contract and from 26 September to the end of
the series, the nearest monthly contract. Thewlasaobtained from the ECX web page.
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3.4. INFLUENCE OF THE ANNOUNCEMENTS ON CARBON RETUR NS

Starting from the return series constructed as @buentioned, we have applied the
event study methodology to examine carbon retuetsawour around NAPs-related
events. Specifically, we have used two approadhedijrst one is based on a regression

method and the second one is based on the Condt¢am Adjusted Return model.

3.4.1. The Regression Approach

The measurement of abnormal returns modelled asgsign coefficients is based on
the use of dummy variables in a regression framkworparameterize the effects of
each particular event. In this case, the abnormiirms are modelled as regression
coefficients and the sample includes the evenbpeaand the data before and after it. As
Binder (1998) points out, this method simplifieg thstimation, since the benchmark
parameters and the abnormal returns are estimatesheé step. Furthermore, this
approach can take into account some distributiaspécts such as volatility clustering,

leptokurtosis or the presence of ARCH effects.

Following this methodology, we have estimated thaxleh presented below in order to

analyse the effects of the release of NAP-relatéatmation on carbon returnsc(y:

le =@'x +PE té

where the vectox; includes a constant term and non-event relatechegpbry variables
and E; is the vector that includes the dummy variablgwegenting each one of the
events considered. Each event variable has onéseoannouncement days and zeros

otherwise.
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Concerning the non-event related variables, follmvMMansanet-Bataller et al. (2007),
we have considered the prices of energy varial8escifically, we have chosen the
most representative prices of oil, natural gas @val in Europe. In order to take into
account the series of energy variables that bitsethe front futures contract of carbon
explained before, we have also constructed the frontract for the energy variables.
That is, we have chosen the contract for the eneaggbles with the closest maturity to
the maturity of the carbon front contract. All ssridata have been taken from Reuters
Database. The futures contract on Brent is quatediS$ per barrel, the futures contract
on Natural Gas is quoted in GBP per therm and tia¢ contract is quoted in US$ per
metric tonne. To carry out the study, we have cdedethem into euros using the daily
exchange rate data available from the Europearr@ednk>® As in the case of carbon
prices, energy prices also present a unit root do®y have been converted into
stationary returns taking first logarithm differexsdn the same way as carbon pricgs:

= In(Pit / Pi+.1) where Py is the i-th price at timéand whera = b (Brent),g (Natural

Gas), anatl (Coal)®°

The dummy variables have been taken into accoutwanways. In the first model, we

have considered the effect of one dummy variabteefich type of event described
before (NAPs and VER). In the second model we hseparated those two variables
into eight dummy regressors (explained in Sectigna@d we have estimated the
regression again. For each type of event the durarigbles are constructed with ones

on the days of announcements of its type and zéerwise.

% See http://www.ecb.int.
%0 See Annex 2 for the results of the Dickey — Fulleit Root test.
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Both regressions have been estimated by applyied\gwey-West covariance matrix
estimator that is consistent with the presenceetéroskedasticity and autocorrelation.

The results of the regressions are presented ite Bab

[Please, insert Table 3].

As we can observe, the regression with the dummiphvias disaggregated (model 2) is
a better approach than the one with the dummy bigsaaggregated in NAPs and VER
(model 1). Supporting this statement, Rfe-Adjusted the Akaike information criterion

and theSchwarz criteriorare presented in Panel B of Tabl& 3.

Related to the dummy variables, only in the regoessvith the dummy variables
considered separately do we find some coefficistasstically different from zero (see
model 2 in Panel A). The coefficients of those ableés are the Notification of
Additional Information and Approval of the PhaddAPs (NAI1 and Al, respectively).
These results are coherent with the fact that oelys related to the Phase | of the EU
ETS affects the front futures contract which relethe prices for the Phase | of the
Scheme. The sign of the strictly NAPs events istpes This means that news related

to Phase | was considered as being restrictivetarglcaused an increase in prices.

Additionally, the coefficients associated with ¥ieations of emissions (VER2005 and
VER2006), both from the Phase | of the EU ETS stagéistically different from zero. In
that case the reaction of the market is differemtnfone year to the other although the
information about verified emissions in 2005 an®@@@made public in May 2006 and

April 2007, respectively) was in both cases thatdbmpanies were long on allowances.

®1 In Mansanet-Bataller et al. (2007), only the egevgriables Brent and Gas lagged one period were
statistically significant. In this case, with afdifent sample period, we find statistical significa of the
coefficients of the variables Brent and Gas thata@mntemporaneous. It is important to note thatathn
cases the influence of coal is not statisticaliyngicant.
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If we look thoroughly at the price series arounelstihdates we will find that the increase
of prices on the official announcement date of 2068fied emissions (May 2006) was

preceded by a huge fall. So, the price increas¢henday of the verified emissions

corresponds to a correction of a previous fall. ideer, the reaction of the market to the
information related to the real emissions in 208@r{l 2007) was a decrease in the
prices on the day of the announcement. As the nmdition was that the real emissions
had been reduced in the European Union, the mpgdétipants continued to trade the
allowances at a lower price in order to incorpotagnew information received on the

announcement day

In global terms, we can say from these results thatcarbon market reacts to new
information relative to Phase I. However, as weehstvown, we need to know what has
happened the days before the announcement in twdaoperly interpret the results.

Furthermore, following McKenzie et al. (2004), thee of all available data could lead
to spurious inferences when, as in our case, timplgadoes not present a normal return

constant over time as we have shown in panel Babtel2.

Besides, when studying regulatory events on carbarket, the formal date may not
coincide with the date when the new informationchess the market. In this case, the
use of the regression approach may have little poovesject the null hypothesis of no
effect on the carbon price. For all these reasareshave proposed the Truncated Mean

model that lets that a broader range of days blyzeth

3.4.2. The Truncated Mean Model

Following Brown and Warner (1985), in the Constdgan Adjusted Return model

approach, the abnormal returns are measured aiffivence of the returns tnrminus a



102 Essays on CO

mean return from some benchmark of the estimatemog. In this paper, we have
adapted the event study methodology to the pastiitiéds of our case. We have only
one commodity (carbon prices) affected by a hugentity of close and sporadic
announcements. Specifically we have calculatedb#rechmark return as a truncated
average of the estimation period. That is, in otderalculate the truncated mean return,
we have excluded the 10% higher returns and the [b@%r returns of the estimation
period. The objective is to try to minimize theesff of big surprises in the estimation

period.

We have defined o, as the truncated mean for the announcementafayand for the
2* days around itl(is the number of days in the prediction periodobefthe
announcement, which coincides with the number gkdxter it). In order to calculate

this truncated mean we proceed as follows:

1. We consider the announcement day as the refereycé d 0).

2. We define the estimation period as the days incdudethe interval from
t,=—(7z+l) to t,=—1+1). We have considered = 10, 20 y 30.
Therefore, following Milonas (1987) the estimatipariods have effectively
T days and finisi+1 days before the announcement.

3. We reorder tha returns of the estimation period from the smaltesthe
largest one such that is the smallest return in the estimation period gn
the largest one witlr =10, 20 and 30 respectively.

4. We definek as the number representing 10% of the estimatisioghend

consequently it is the number of returns that wél excluded from each of
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the extremesk =r* p where r is the number of days in the estimation

period and p = 10%

Given thatk is an integer, following Wilcox (2001) we have aioed the truncated

mean as.

_ a 1 n-k
lar = n_zkizri

=k+1

Note thatr, is thei™ return of the estimation period after they haverbascending

ordered.

Additionally, we have calculated for any announcetm®&”, a standardized excess
returnZR, for each day of the prediction peri&tiThe standardized excess returns are
the excess returns standardized by the truncatedlatd deviation in the estimation
period, calculated following the same procedurendke mean case. The expression for

the standardized excess returns is:

rat —lar
ZR:i,T,t - o

a

We then calculate, for each of th&*l¢1) days of the prediction period, the portfolio
standardized excess returns, which is an equalighted portfolio of the standardized

€excess returns:

%2 Note thak is 1, 2 and 3 in the case of an estimation pesfdtD, 20 and 30 days, respectively.
% The prediction period h48*l + 1) days.
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where N is the number of announcements of a specific typeev@ent. The null
hypothesis is to test whether the portfolio exaessrns are equal to zero on the day of

the announcement € )0

We have considered three different scenarios antiave performed the test in all of

them. The first one takes into account all the annements produced in the sample
period and the results for the variables groupadAis and VER are shown in Panel A

of Table 4. The second scenario considers only tmewtements that do not have

another announcement in the three previous dayseTiasults are presented in Panel B
of Table 4. Finally, the third scenario is limitem the announcements where no other
announcement has been produced in the six daysusudling it. These results are

presented in Panel C of Table 4. Additionally, weehperformed the same analysis
substituting the returns series by the residuaésasf the regression of carbon returns
taking as independent variables the energy vasabfethe previous sectidf. The

results are also presented in Panels A, B andTable 4°°

[Please, insert Table 4].

As can be appreciated in Table 4, there are manmytewe which there are statistically
significant differences before the announcemerd.détis occurs when we consider the
complete sample (Panel A) and when we take int@wadcthe other two scenarios
(Panel B and C). Additionally, most of the returms announcement days present
statistical significance which means that the nefermation has an effect on the price

series when it is formally issued. As to what consehe statistical significance after

*The specification of the regressionris = a + f1r,; + Bargy + Bafery * ot

% We only present the results with the returns @ads) standardized with the truncated mean and
variance of the estimation period of 10 days. Témuilts of the standardized returns with the trtetta
mean and variance of the estimation period of 20 2t days are similar and they are available upon
request.
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the announcement day, we should only focus on RaméiTable 4 as it is the only one

not affected by other announcements dates in #igiion period.

In order to study in depth which type of announcetris relevant to the market, we
have performed the analysis with the events cornsideseparately in eight
subcategories. The results for the most restricoemnario, the one considering only the
announcements without any other announcement irsithelays surrounding it, are

presented in Table®.

[Please, insert Table 5].

In Table 5 we can observe two types of reactionsetss. In the case of Phase | related
news (NAI1 and Al), we find significant and pos#iveaction while in the case of
Phase Il related news (NAI2) significant and negatieaction is documented. The
positive sign of the influence of Phase | of the ETS events (NAI1 and Al) on carbon
Phase | front futures contract prices may be imétegl as the market perceiving a future
shortage of EUAs when the announcement is rele@edhe other hand, the events
concerning Phase Il of the EU ETS are issued onceamiduwket perceives that the
allocations of EUAs for Phase | of the EU ETS could ehdoeen too generous.
Consequently, the negative sign of NAI2 influenge aarbon Phase | front futures
contract prices may be interpreted as the markattirgg to the intention of the
European Commission to create a bigger shortagéliase Il. That is, the market
interprets that the European Commission still carsidthat the distribution of
allowances in Phase | had been too generous. Therdfe information concerning

Phase Il is interpreted as new information relatedhase I.

® Note that there is neither NOT1 nor VER2006. Tlaspn is that there are no announcement days
without an announcement on the 6 days around theusncement for those particular events. The test ha
been also performed for the rest of scenarios. rékalts are not included for sake of brevity b ar
available upon request.
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Additionally, we find a significant and positive fimence of the 2005 Verified

Emissions. In the first year of EU ETS the informattbat the countries had emitted
fewer emissions than the allocations distributeds Weaked in advance (see EFET
(2006) and Arvanitakis (2006)) and the increasegrides on the announcement day

must be interpreted as a correction of the preddd#ridayt = - 1).

Related to when the information reaches the manketn considering the variables
separately, we always find a statistically sigmfit price reaction the day of the
announcement with the exception of the ApprovaPlodise Il NAPs (A2). These results
are coherent with what we would expect. The inforomabf a new announcement

related to Phase | is relevant for the market agdrdading Phase | allowances.
Additionally, in many cases there is also a sigaffit reaction on some of the days
before the announcement. This means that the aofvalformation occurs before the

official announcement day. Note that the directéthe price reaction is the same as on

the announcement day.

Panel B of Table 5 presents the results when théuas series are considered. In this
case the findings confirm that the market reacterbeor on the day of the official
announcement. Only Notification of Additional Infoation for Phase Il has a

significant effect on the day= 1.

3.5. INFLUENCE OF THE ANNOUNCEMENTS ON CARBON VOLATILITY

Finally, we have tested whether the announcememis han influence on the carbon
returns volatility. For doing so, we have performe different tests. Firstly, by
applying the Brown-Forsythe test we have testedetipgality of variances of carbon

returns before and after the announcement. Secowedlyhave performed a sign test in
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which we compare the variance of the carbon staiwkd returns before and after the
announcement. Additionally, as in the previousisacivhen we analysed the influence
of the announcements on carbon returns, we hawepalsormed those two tests using
the residual series of the regression of the canmiorns taking as independent

variables the energy returns.

3.5.1. Brown and Forsythe Test

The Brown-Forsythe test allows testing for seasgnati the unconditional variance.

The Brown-Forsythe test statistic is computed as

F:;nj(ﬁ,—ﬁ..) (o))
ii(Dq _Dj)z (J _1)

1
=
—

A

where D =|r; - M,j‘; ry is the return for the dayand the interval; |\7I,j is the sample

n.

_ i D.
median return for the intervalover the relevanh; days;D j = Z(—”] is the mean
t=1

J

- . o L[ Dy
absolute deviation from the mediavi ; for the time interva); and D = zz —
N

j=1 t=1

J
is the grand mean wherd = an . The test statistic is distributeld, , ,_, under the
j=1

null hypothesis of equality of variances acrosslkhime intervals.

Due to the particularities of our sample describetbre, applying this test is coherent
with the idea of minimizing the effects of big stges in the estimation period.
Specifically, we have considered a prediction peobd 10 days and we have separated

it into two sub-periods, both of 5 days. The firsbgperiod consists of the 5 days
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preceding the announcement and the second suldpedoides the announcement day
and the 4 next days. Therefore, the division of f{rediction period is the

announcement day. We present the results of theviBForsythe test applied to the
announcement days without any other announcemettieof days around it in Panels
A and B of Table 6. The reason for that sample chigiterofold. Firstly, following this

criteria we are consistent with the more restrectanalysis of the impact of the
announcements on carbon returns presented in ¢véops section. Secondly, if we try
to be more restrictive by performing the test te #tnnouncement days without any
other announcement on the prediction period consitjehe sample will be drastically
reduced. Additionally as presented before, the Bréwrsythe test uses the mean
absolute deviation from the median and thus theiplesextreme values provoked by

an announcement in the prediction period will nstatt the results.

[Please, insert Table 6].

As we can appreciate in Panel A and B of Tabléné,results for the Brown-Forsythe
test considering the return series or the residaaes are very similar. If we consider
the variables grouped in NAPs and VER (Panel Apath cases the null hypothesis is
only rejected for NAPs 10% of the time. Furthermarethese cases, the variance is

higher after the announcement.

If we have a look to Panel B of Table 6, wheredkients are considered separately, we
can observe that only the Notification of Additibiaformation of Phase Il NAPs
provoke an increase of the variance of carbon met@0% of the time. The remaining
80% and the rest of the announcements do not peoanl change in carbon variance.
If we consider the residuals series there is arease in the percentage of times the null

hypothesis is rejected for the Notification of Atloinal Information related to Phase |
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(NAI1) and for the Approval of Phase | NAPs (Aln.dll cases the volatility increases
after the announcement. Finally, in no case is rib# hypothesis rejected when

considering the announcements related to veriboadf emissions (VER).

Overall, even if, when the variance before andrafte announcement is statistically
different, an increase of the variance is deteafeg the announcement, in the majority
of cases the variance before and after the annmerges not statistically different (all

percentages of rejection are below 35% and mogtesh are 0%). The results obtained
are then coherent with the idea that NAPs-relatedoancements do not have an

important effect on carbon volatility.

3.5.2. Sign Test of Carbon Variance

Following Milonas (1987), we have performed the &y test of the variance of the
standardized excess returns in order to completeatialysis of the equality of the
variance before and after the announcement. Fallgpwhe research line of the
preceding sections, we have also applied thidaeste residuals series. Specifically, we
have separated the period comprised of the 5 preudays to the announcement from
the period comprised of the day of the announceraedtthe next 4 consecutive days.
That is, we have considered the standardized regxpkined in the Truncated Mean
Model section with =5 and we have compared the variance of those tw@stibés.

As in the case of the Brown-Forsythe test andtlierdame reasons, we have considered
the sample period of the announcements without athgr announcements on the 6

days surrounding it.

The null hypothesis of the sign test is that theavere of the standardized returns

(residuals) during the five days preceding the anmement of a particular event is
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equal to the variance of the standardized retuesduals) in the period starting from

the announcement day and finishing 4 days afterréfyeesent this as follows:
H,:0," =0, or H,:8=P(X >0,°)=P(X <0,’) =05

That is, if the sample data for each type of eventansistent with the hypothesized

variance value for this particular event, half bé tsample observations related to the
event will lie abovea02 and half below. Thus the number of observatiorgelathanK

can be used to test the validity of the null hypsth. The two possible alternative

hypotheses are:
H,:0,° >0, and H,:0°>0,°

As the distribution of the random varialdes the binomial probability with parameters

N and @, with 8 = 05, the rejection region for thel, : o,° > g,*for ana-level test is:

KOR for K<k

wherek,' is chosen to be the largest integer which sasisfie

N (N
P(K 2k,'|H,) = Z( }(0.5)N <a

i=k, |

whereN is the number of announcements of a particulanteve

For H,:0,° >0,’, the rejection region for am-level test is:

KOR for K>k

a
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wherek, is chosen to be the smallest integer which sassfi

N (N
P(K =Kk, | HO):Z[_ }(O.S)N <a

[
The results of the one-side tests for the eventsidered grouped are shown in Panel C
of Table 6 and the results of the test for the esyenhsidered separately in Panel D of
Table 6°” In both cases the p-value is presented for the passible alternative

hypotheses.

As shown in Panels C and D of Table 6, for mosthef ¢vents, the carbon returns
present the same variances before and after the. €vely in the case of NAPs (Panel
C) and in the case of Notification of Additionafénmation for Phase 1l NAPs (NAI2 in

Panel D) do the returns show higher variance dfterevent (p-values<0.05). In the
case of the residuals series it is not possiblereject the null hypothesis and

consequently we cannot reject the equality of vaes of residual series before and
after the announcement. The results of the testgsharesame for all types of events
independent of whether we consider the variablesggd together or separately. These
results are in line with the results obtained wvitie previous test and indicate a weak

effect of announcements on carbon volatility.

3.6. SUMMARY AND CONCLUDING REMARKS

In this article we analyze the effects of new infation on carbon prices. Given that we
have a lot of close and sporadic announcementsaffeait a sole price series, we have

adapted the Event Study methodology to our particcdge and we have proposed a

®7In this case the returns and residuals are stdizaar with the truncated mean and variance of mger
of 10 days.
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redefinition of the Mean Return Model methodolodyatt we have named as the

Truncated Mean model.

Concerning the effects of NAPs announcements obocareturns, we find that both
Phase | and Phase Il announcements have an influ@ncarbon returns on the day of
the announcement and in a few cases on the folpdays. Surprisingly, we have also
detected significant returns on days previous &dfiicial announcement. Related to
the variations in the volatility of carbon returnse have not observed differences
before and after the announcement. Both the presagfrsignificant abnormal returns up
to three days previous to a NAP-related event hachbsence of volatility effects when
the official information is revealed, suggest ttiere has been a leakage of information

before the announcement.

These findings support the request made by the Eanopederation of Energy Traders
(EFET, 2006) to the European Commission as a consegugnthe release of real
emissions data for 2005. Specifically EFET askea&wbon price sensitive information
that wasaccurate, final and published in such a way as @ocalailable to all market

participants at the same time.
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Table 1: Cross Correlation Coefficients.

This Table presents a cross correlation analysggioes (Panel A) and returns (Panel B). Samplegeaonsists of data from 24
October 2005 to 15 May 2007. C_INDEX is the OTCufatcontracts index calculated by EEX, LEBA_1 refer the LEBA

carbon index for prices of the first phase of th¢ EETS, BN_S is the spot prices in Bluenext. ECX_F€fers to the front future
prices in ECX for the first phase of the EU ETSd &CX_FC2 to the front future prices in ECX for thecond phase of the EU
ETS. The critical value for the statistical sigaifiice of the correlation coefficient is calculagad2/d2  All the coefficients are

statistically significant at the 5% level.

Panel A: Correlations in Prices

LEBA_1 BN_S ECX_FC1 ECX_FC2
C_INDEX 0.9978 0.9749 0.9902 0.9220
LEBA_1 1.0000 0.9991 0.9990 0.7993
BN_S 1.0000 0.9990 0.8115
ECX_FC1 1.0000 0.7960
ECX_FC2 1.0000
Panel B: Correlations in Returns
RLEBA 1 RBN_S RECX_FC1 RECX_FC2
RC_INDEX 0.8988 0.7146 0.6849 0.6177
RLEBA_1 1.0000 0.8697 0.7988 0.4568
RBN_S 1.0000 0.8193 0.4595
RECX_FC1 1.0000 0.5854
1.0000

ECX_FC2
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Table 2: Dickey Fuller Test and Statistics of Carbn Returns.

In Panel A of this table are shown the resultshefDickey —Fuller test for the carbon prices andrres. The critical values for the
rejection of the null hypothesis of the existen€ea ainit root are -3.4336, -2.8621 and -2.56711f4r, 5%, and 10% significance
levels respectively (MacKinnon, 1991). In PanehB tlescriptive statistics for carbon returns amewsh

Panel A: ADF Test Statistics for Carbon Prices &wturns

ADF Test
Carbon Prices -0.7468
Carbon Returns -17.5700

Panel B: Descriptive Statistics of Carbon Returns

fe

Mean - 0.005338
Median 0.000000
Standard Deviation 0.057509
Skewness -0.569121
Kurtosis 19.47915

Jarque-Bera 7401.276
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Table 3: Regression Model Results.

Panel A presents the estimates of Model (1) andeé¥®). In Model (1) the regression of g@turns has been calculated on
energy variables and dummy variables consideredpga In Model (2) the regression of £f@turns has been calculated on
energy variables and dummy variables consideredratgly.r,; are the Brent returnsy; are the gas returns, angs are the coal
returns. The Dummy variables correspond to thefidation of the NAP for the Phase | of the EU ET8)(T1), Notification of
additional Information of the Phase | National Afldion Plans (NAI1), Approval of the Phase | NatibAllocation Plans (Al),
Notification of the National Allocation Plans fdre Phase Il of the EU ETS (NOT2), Notification additional Information of the
Phase Il National Allocation Plans (NAI2), Approwalthe Phase Il National Allocation Plans (A2),reation of first year real
emissions (VER2005), and Verification of secondryesal emissions (VER2006). VER groups the last wetegories of
announcements and NAPs groups the first six. FBrreports the B the Adjusted R the Akaike Information Critera (AIC) and
the Schwarz Criteria (SC). * denotes statistioghdicance at 1%.

Panel A: Estimates of Model 1 and Model 2

Model 1 Model 2
Variable Coefficient t-statistic Coefficient t-Hitic
01 -0.0052 -1.9570 -0.0057 -2.1574
Mot 0.2324* 2.1927 0.2956* 2.5082
Igt 0.1417* 3.6664 0.1237* 3.5350
Fot 0.1203 1.1223 0.0910 0.8123
NAPs -0.0034 -0.5059
VER 0.0445 0.2061
NOTL -0.0042 -1.0958
NAI1, 0.0138* 2.4397
Al 0.0379* 2.8483
NOT2 0.0023 0.4314
NAI2; -0.0101 -0.8680
A2 -0.0322 -1.1545
VER2005% 0.5111* 102.79
VER2006 -0.1720* -9.1981
Panel B: Goodness of Fit Measures
Model 1 Model 2
R? squared 0.0232 0.1918
R>Adjusted 0.0232 0.1778
Akaike criterion -2.8880 -3.0513

Schwarz criterion -2.8468 -2.9688
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Table 4: Truncated Mean Model Results.

In this Table we present the results of the testhvhull hypothesis is that the portfolio excessime are equal to zero. In our case
we perform this test for the day of the announceptbe 3 previous days and the 3 next days. InlPame& present the results with
the complete sample. In Panel B we consider thewmements days where there has not been an ammoentcwithin the 3
previous days. Finally in Panel C we consider th@oancements days where there has not been anramemoent within the 6 days
around the announcement. The first column in thelefaresents the days (“0” is the announcement. d&g next four columns
refer to the standardized returns and the lastuhuts to the standardized residuals of the modeltie previous Table regression.
The ZR mean column shows the mean of the portfolio ofstamdardized returns (residuals) for each of themtegroups (NAPs
and VER), and the p-value column shows the p-vafuthe test. NAPs include the information of thetification, Notification
Additional Info and Approval related to Phase | NsA&hd Notification, Notification Additional Info dnApproval related to Phase
I NAPs. VER groups the Verification Emissions 2084&d Verification Emissions 2006. Number refershi® number of times an
announcement of each kind event has been prodtidedotes statistical significance at the 1% level.

Panel A: All announcements considered.

Returns Residuals
NAPs Verifications NAPs VER
Days ZRt mean p-value ZRtmean p-value ZRt meanvalpe ZRtmean p-value
-3 -0.44038 0.0003* 4.1946 0.0000* -0.2530  0.0383*3.9320 0.0000*
-2 0.0187 0.8783 1.9790 0.0006* 0.0902 0.4601 7688 0.0010*
-1 0.0190 0.8764 -3.7270  0.0000* -0.1104 0.3661 -3.6985 0.0000*
0 -0.0559 0.6470 -3.2116 0.0000*  -0.1567 0.1994 -3.1870 0.0000*
1 -0.0515 0.6732 -1.9181 0.0008* -0.0129 0.9156 .7936  0.0018*
2 -0.1404 0.2503 -0.5483 0.3422 -0.1227 0.3152 28491 0.6165
3 -0.2232 0.0677 0.3160 0.5841 -0.2285 0.0614 6954 0.3434
Number 67 3 67 3
Panel B: Announcements without any other announceghdays before.
Returns Residuals
NAPs Verifications NAPs VER
Days ZRt mean p-value ZRtmean p-value ZRtmean p-value ZRtmean p-value
-3 0.1267 0.4408 4.2468 0.0000* -0.0242 0.8825 3.9170 0.0000*
-2 -0.4659 0.0046*  3.3831 0.0000*  -0.1080 0.5110 3.1571 0.0000*
-1 0.8323 0.0000*  -1.6578  0.0190* -0.0254 0.8768 -1.4859 0.0356*
0 0.4421 0.0071* -2.6272  0.0002*  0.2075 0.2067 -2.6448 0.0001*
1 1.2721 0.0000* -2.1916  0.0019*  1.2691 0.0000*  -2.0996 0.0029*
2 0.9995 0.0000*  -0.7089 0.3160 0.8553 0.0000*  -0.5282 0.4550
3 0.1846 0.2612 0.3889 0.5822  -0.0911 0.5794 0.6147 0.3846
Number 37 2 37 2
Panel C: Announcements without any other announcetheing 3 days on either side.
Returns Residuals
NAPs Verifications NAPs VER
Days ZRtmean p-value ZRtmean p-value ZRt meanvalpe ZRtmean p-value
-3 -0.0467 0.8305 1.5596 0.1188 -0.0106 0.9612 1.5395 0.1236
-2 0.4285 0.0495* 0.6177 0.5367 0.8502 0.0001*  0.5570 0.5774
-1 0.5334 0.0145*  -2.4222 0.0154*  0.3625 0.0966 -2.3449 0.0190*
0 0.3248 0.1365 5.7114 0.0000*  1.5796 0.0000* 5.6770 0.0000*
1 -0.3220 0.1399 1.5937 0.1109  0.8367 0.0001* 1.4365 0.1508
2 0.0868 0.6907 0.2513 0.8015  0.4997 0.0220* 0.3039 0.7611
3 -0.1239 0.5700 0.8095 0.4181 -0.3761 0.0847 0.6932 0.4881
Number 21 1 21 1



Table 5: Truncated Mean Model Results. Events Sepated.

In this Table we present the results of the testthiich the null hypothesis is that the portfoliaccegs return is equal to zero, for the scenario messtictive (considering the announcement
day without any other announcement on the six dayounding it). In our case we perform this testthe day of the announcement, the 3 previous dagsthe next 3 days. The first
column in the Table presents the days (“0” is theoancement day). The next two columns refer toNbéfication of Additional Information for PhaseNAPs (NAI1). The next two
columns refer to the Approval of Phase | NAPs (Atje next two columns refer to the NotificationRifase Il NAPs (NOT2). The next two columns refeth® Notification of Additional
Information for Phase Il NAPs (NAI2). The next twolumns refer to the Approval of Phase Il NAPs (A2pally the last two columns refer to the Veidfiion of real emissions for the
year 2005 (VER2005). Panel A (B) present the redolt the returns (residuals of the regression ofi#d 1 in Table Ill) taking into account exclusiyehe announcements without any
other announcement 3 days before and after il bases the ZR mean column shows the mean ofdttéolio of the standardized returns for each &f ¢évents considered, and the p-value
column shows the p-value of the test. Note thaketieneither Notification of Phase | NAPs (NOT by erification of real emissions for 2006 (VER2008he reason is that there are no
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Panel A: Results with the Returns series

NAI1 Al NOT?2 NAI2 A2 VER200¢

Days ZRtmean p-value ZRtmean p-value ZRtmean p-value tm#Rn p-value ZRtmean p-value ZRtmean p-value
-3 1.1438 0.0105* -0.0193 0.9782 -0.6965 0.1636 -1.5122 0@i® 0.0069 0.9865 1.5596 0.1188
-2 1.2276 0.0061* 2.1382 0.0025* -0.3588 0.473 -0.0634 7388 0.3356 0.411 0.6177 0.5368
-1 0.2305 0.6062 2.3799 0.0008* 0.8891 0.0754 -0.0425 @924 0.5182 0.2043 -2.4223  0.0154*
0 1.4238 0.0015* 5.9898 0.0000* -0.6682 0.1814 -2.532 0600 0.2106 0.6059 5.7115 0.0000*

1 0.3552 0.4271 1.9776 0.0052* -0.5377 0.2822 -2.3189 @OO0 0.6623 0.1047 1.5938 0.111

2 1.6802 0.0002* 0.2664 0.7063 -0.255 0.61 -0.9746  0.0293* 0.3351 0.4117 0.2514 0.8015

3 0.0697 0.8761 -1.1885 0.0928 -0.177 0.7233 -0.303 0.4981 .2100 0.6069 0.8096 0.4182
Number 5 2 4 5 6 1

Panel B: Results with the Residuals series

NAIL1 Al NOT2 NAI2 A2 VER2005
Days ZRtmean p-value ZRt mean  p-value ZRtmean p-value tn#Rn p-value ZRtmean p-value ZRtmean p-value
-3 0.5728 0.2002 -1.7318  0.0143* -0.7593 0.1288 -1.5283 0066 0.001 0.998 1.5396 0.1237
-2 1.0705 0.0167* -0.4315 0.5417 -0.5172 0.3009 0.0831 B85  0.2252 0.5812 0.5571 0.5775
-1 -0.1754 0.6948 1.1579 0.1015 -0.3795 0.4479 0.2113 6.636 0.4177 0.3062 -2.3449  0.0190*
0 1.067 0.0170* 3.9272 0.0000* -0.5898 0.2381 -2.5841  (BOO  0.186 0.6487 5.677 0.0000*
1 0.8216 0.0662 0.2502 0.7235 0.1454 0.7713 -2.1474 0.0000* 0.6599 0.106 1.4365 0.1508
2 0.8024 0.0728 -0.0713 0.9197 -0.3454 0.4898 -0.1332 0.765 -0.4624 0.2573 0.304 0.7611
3 0.057 0.8986 -0.9294 0.1887 -1.4746  0.0032* 0.1143 0.7983 0.0892 0.8271 0.6933 0.4881

Number 5 2 4 5 6 1
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Table 6: Equality Test Results.

This Table presents the results of two equalitistdanel A (B) shows the results of the Brownslgthre test for the carbon returns
and the residuals series considered grouped (segar®anel C (D) shows the p-value for the statided returns and residual
series sign test for the variables considered grdupeparated). In all cases, the null hypothesikat the variance during the 5
days preceding the announcement day is equal teatfience in the period made up of the announcexfentaind the next 4 days.
In Panel A and B, the times the null hypothesigsejected expressed in percentage. The differens fmesent the results for the
possible alternative hypothesis. The last row shitv@gotal of announcements of each type of everdrder to be consistent with
the previous analysis, the announcement days cemesidare those without any announcement on they$ al@und it. For both
Panel C and D, the series are standardized wittrtheated mean and variance of a period of 10.dd@8I'1 and NOT2 refer to
Notification to the European Commission of the Nia#l Allocation Plans (NAP) Phase | and Phase dpeetively, NAI1 and
NAI2 refer to the Notification of Additional Inforation to the European Commission about the NAP é&hasnd Phase I
respectively, Al and A2 refer to the Approval bg turopean Commission of the NAP Phase | and the Ridase Il respectively,
VER2005 and VER2006 refer to the emission veriftzatlate of the first and second year of EU ETeetvely. NAPs include
NOT1, NAI1, A1, NOT2, NAI2, and A2 while VER incled VER2005 and VER2006.

Panel A: Brown-Forsythe test for events considemediped

Returns Residuals
Null Hypothesis Alternative Hypothesis NAPs VER NAPs VER
Go=o Go # 01 10% 0% 10% 0%
Co=01 6o <01 10% 0% 10% 0%
Co=0 Go > 01 0% 0% 0% 0%
Number of announcements = 20 1 20 1
Panel B: Brown-Forsythe test for events considesegshrated
Returns
Null — Altemative ot nNaz AL NOT2  NAI2 A2 VER2005 VER2006
Hypothesis Hypothesis
Zo=o Go# 1 - 0% 0% 0% 20% 0% 0% -
Zo=o Go <01 - 0% 0% 0% 20% 0% 0% -
Zo=0 50> 01 - 0% 0% 0% 0% 0% 0% -
Number of announcements = 0 5 3 4 5 4 1 0
Residuals
Null - Alternative ity Nall A1 NOT2  NAI2 A2 VER2005 VER2006
Hypothesis  Hypothesis
Go=01 Go# 01 - 20%  33% 0% 20% 0% 0% -
G0=01 o <01 - 20%  33% 0% 20% 0% 0% -
Co=01 Go > 01 - 0% 0% 0% 0% 0% 0% -
Number of announcements = 0 5 3 4 5 4 1 0
Panel C: Sign test for the events considered grdupe
Returns Residuals
Null Hypothesis Alternative Hypothesis  NAPs VER NAPs VER
Go=01 Go>01 0.9964 0.5000 0.9608 0.5000
Go=01 60<01 0.0133 1.0000 0.0946 1.0000
Panel D: Sign test for the events considered sdpbra
Returns
Null - Altemative  \or Nail A1 NOT2 NAI2 A2 VER2005  VER2006
Hypothesis  Hypothesis
Go=01 Go>01 - 0.8125 1.0000 0.6875 1.000 0.9687 1.0000 -
Go=01 609<01 - 0.5000 0.1250 0.6875 0.0313 0.1875 0.5000 -
Residuals
Null Alternative
Hypothesis  Hypothesis NOT1 NAI1 Al NOT2 NAI2 A2 VER2005 VERZ2006
Go=01 Go>01 - 0.5000 1.0000 0.9375 0.8125 0.9687 1.0000 -
Go=01 60<01 - 0.8125 0.1250 0.3125 0.5000 0.1875 0.5000 -




Figure 1: Deadlines of the EU ETS.

This Figure shows how the deadlines are organiséitei EU ETS. Two years before the compliance gettee NAPs have to be submitted before 30 Jutieet&uropean Commission. They have
to be approved before 31 December of that year.nthe real emissions take place two years later vtrified report has to be presented by each ¢ngpanies before 31 March to their
government. Before 30 April the companies mustesuter the allowances that correspond to their betassions. On 15 May the compliance report offeenber States is published.

2 years before 1 year before The emissions take place 1 year after
A~ A N A —
s N N —
t=-2 t=-1 t=0 t=+1
| | L I | I | | | I
I | o I I I | | | I
NAP notificatior NAP Approva Verified emissions Compliance report
(Until 30th June) (Until 31th December) (Until 31st March) (Around 15th May)
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Figure 2: Volumes traded in the Carbon Markets.

In this Figure we show the volume traded in eachketafrom its beginning to 15 May 2007. The totalume traded in the spot
market has been 71 888 537 tE&®and in the future market has been 870 305 00g-éC

Figure 2-A. Percentage of Volume Traded in Spotkdes

9% 1% 17%

73%

O EEX m Bluenext 0 Nord Pool [0 EXAA

Figure 2-B. Percentage of Volume Traded in Futieskets

1% 4%

95%

O EEX Fut. | Nord Pool O ECX
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Figure 3: Comparison Different Prices across Europan Markets.

The sample period goes from 24 October 2004 to &% ®007. This Figure shows the trend of CarboneBrfrom the beginning of
each market. The Panel A shows the EEX Carbon laaekLEBA indexes, Panel B the EEX Carbon Index spot prices in
Bluenext and Panel C the EEX Carbon Index and @ Becember Futures contract for 2007. In theselgaonce th€0, Index

expires, the graphs show the OTC, the spot anérulhgres prices respectively. Source: EEX, Bluendrtd Pool, ECX and own
elaboration.

Figure 3-A. Carbon Index EEX and LEBA Carbon Index.
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Figure 3-B. Carbon Index EEX and Blunext Spot Price
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Figure 3-C. Carbon Index EEX and ECX Futures Prices
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ANNEX 1: Dates of Event.

This Annex presents the dates of the announcenstassified by type of event. NOT1, NAI1 and Al refe Notification to the
European Commission of the National Allocation BIZNAP) Phase |, Notification of Additional infortien to the European
Commission about the NAP and to the Approval byBEheopean Commission of the NAP all related to BHaslOT2, NAI2 and
A2 are the same variables related to Phase Il. NA€lades all these variables. VER2005 and VER2@ér to the emission
verification dates of the first and second yearEGfETS respectively. VER includes VER2005 and VBB Sources: CITL web
page (http://ec.europa.eu/environment/ets/welcoo)e.cEmission Trading web page from the European @@sion

(http://ec.europa.eu/environment/climat/first_phagehtm), emissions market web pages (see foo)@rd own elaboration.

National Allocation Plans Verifications
DATES EVENT NOT 1 NAI1 A1 NOT2 NAI2 A2 NAPs VER2005 VER2006 VER

29/10/2004 * Notification | Aditional Information Italy 1
09/11/2004 * Notification | Aditional Information Lithuania
10/11/2004 * Notification | Aditional Information UK
30/11/2004 * Notification | Aditional Information Spain
01/12/2004 * Notification | Aditional Information Rep Cyprus
03/12/2004 * Notification | Aditional Information Spain
06/12/2004 * Notification | Aditional Information Malta
08/12/2004  * Notification | Aditional Information Lithuania
09/12/2004 * Notification | Aditional Information Hungary
14/12/2004  * Notification | Aditional Information Hungary
15/12/2004  * Notification | Aditional Information Hungary
* Approval NAPs Phase | of Republic of Cyprus,
27/12/2004 Hungary, Lithuania, Malta and Spain 1
30/12/2004 * Notification Greek NAP Phase | 1
03/01/2005 * Notification | Aditional Information Poland
25/01/2005 * Notification | Aditional Information Czech Rep
18/02/2005 * Notification | Aditional Information UK
25/02/2005 * Notification | Aditional Information Italy
08/03/2005 * Approval Polish NAP | 1
10/03/2005 * Notification | Aditional Information Greece
07/04/2005 * Notification | Aditional Information Czech Rep
12/04/2005 * United Kingdom NAP Formally rejected
12/04/2005 * Czech Rep Phase | NAP Approved 1
25/04/2005 * Notification | Aditional Information Greece
29/04/2005 * Notification | Aditional Information Italy
16/05/2005 * Notification | Aditional Information Greece
17/05/2005  * Notification | Aditional Information Italy
20/05/2005  * Notification | Aditional Information Italy
23/05/2005 * Notification | Aditional Information Italy
25/05/2005 * Italian Phase | NAP Approved
20/06/2005 * Greek Phase | NAP Approved 1
22/02/2006 * Final UK Phase | NAP Approved 1
* Publication by the European Comission of the verified
15/05/2006 emissions 1 1
30/06/2006 * German Phase Il NAP Notified
07/07/2006 * Lithuanian Phase Il NAP Notified
12/07/2006  * Irish Phase Il NAP Notified
18/07/2006 * Luxembourg Phase II NAP Notified
16/08/2006 * Latvia Phase Il NAP Notified
18/08/2006 * Slovak Phase Il NAP Notified
28/08/2006 * UK Phase Il NAP Notified
01/09/2006 * Swedish Phase Il NAP Notified
12/09/2006 * Notification I Aditional Information Lithuania 1
18/09/2006 * Notification Il Aditional Information Ireland
22/09/2006  * Notification Il Aditional Information Germany 1
27/09/2006 * Malta Phase Il NAP Notified 1
28/09/2006 * The Netherlands Phase Il NAP Notified 1
29/09/2006 * Belgium Phase Il NAP Notified 1
03/10/2006 * Notification Il Aditional Information UK 1
13/10/2006 * Notification Il Aditional Information The Netherlands 1
* Notification Il Aditional Information Slovakia
19/10/2006 and The Netherlands 1
20/10/2006 * Notification II Aditional Information Luxembourg
02/11/2006 * Slovenia Phase Il NAP Notified 1
* Notification Il Aditional Information UK
06/11/2006  and Luxembourg
08/11/2006  * Notification Il Aditional Information Latvia
10/11/2006 * Notification Il Aditional Information Sweden
14/11/2006 * Notification Il Aditional Information Greece
16/11/2006 * Notification Il Aditional Information Latvia
22/11/2006 * Notification Il Aditional Information Lithuania
23/11/2006 * Notification Il Aditional Information Malta
* Approval NAPs Phase Il of Germany, Greece, Ireland,
29/11/2006 Latvia, Lithuania, Luxembourg, Malta, Slovak Republic,
Sweden, UK 1
30/11/2006 * Spanish Phase 1l NAP Notified 1
13/12/2006 * Notification Il Aditional Information Belgium
15/12/2006 * Notification Il Aditional Information The Netherlands
22/12/2006 * Notification Il Aditional Information Belgium
08/01/2007 * Notification Il Aditional Information Slovenian
* Approval NAPs Phase Il of Belgium
16/01/2007 and the Netherlands 1
01/02/2007 * Notification Il Aditional Information Spain 1
05/02/2007 * Slovenia Phase Il NAP Approval
26/02/2007 * Spain Phase Il NAP Approval 1
26/03/2007 * Poland, France and Czech Republic Phase || NAP
Approval
02/04/2007 * Austian Phase Il NAP Approval 1 1
02/04/2007 * Publication by European Commission of 93%
preliminary verified emissions 1 1
* Publication of Additional Preliminary Verified
03/04/2007 Emissions 1 1
16/04/2007 * Hungarian Phase Il NAP Approval 1
04/05/2007 * Estonian Phase Il NAP Approval 1 1
15/05/2007 _ * Italian Phase || NAP Approval 1 1
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ANNEX 2: Dickey — Fuller test for Energy Variables.

In this Table are shown the results of the DickEyller test for all energy series taken into actanrthe regression approach
(Brent, Gas and Coal) in all cases for both praed returns. The critical values for the rejectajrthe null hypothesis of the
existence of a unit root in the series are -3.4338621 and -2.5671 for 1%, 5% and 10% signifiedievels (MacKinnon, 1991).

ADF Test
Brent Prices -0.7468
Gas Prices -0.9335
Coal Prices -0.4267
Brent Returns -17.8000
Gas Returns -19.2863
Coal Returns -18.6165
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CHAPTER 4

CO, Prices and Portfolio Management
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4.1. INTRODUCTION

With the objective of mitigating the effects ofrolite change, the European Union has
launched the European Union Emission Trading Scheme=(ER). Under this scheme,
the European large G@mitting installations have restrictions on enuasiand receive
permits from their governments to emit tonnes ob @@t can be traded in several spot,
futures and option markets whenever installatiasifl their emission reduction target
obligations at the scheduled time. Those permitsalied European Union Allowances
(EUAs) and allow for the emission of one tonne of,@&Quivalent in the European

Union.

The EU ETS is organized into two phases. Phase | dtart@anuary 2005 and lasted
until December 2007. Phase Il of the EU ETS startethimuary 2008 and will last until
December 2012. As banking (the transfer of allowearfcom Phase | to Phase Il) is not
allowed, there are two differentiated assets thaetbeen traded at the same time in the
European Carbon markets, Phase | and Phase Il EUdseVer, since April 2008 it

has only been possible to trade Phase Il EUAs.

Additionally, it is important to note that the coarpes covered by the 2003/87/EC
directive (the large CQemitting installations) are not the only particigmthat are able

to take part in the European Carbon market. Evenyraband legal person is authorized
to open an account and participate in emissiomsngaand thus the interest in studying
the existence of new investment opportunities Bdsahose market participants that do

not have emission reduction targets.

Since Markowitz (1952), many authors have studieditenefits of diversification in a

broad range of scenarios. Grubel (1968) and EurRastick (1988), among others, try
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to show whether or not a portfolio is better divieed when including foreign assets
(international diversification). In other casesg thuthors study the diversification
opportunities when introducing new assets. On aredhlbbotsorand Siegel (1984),

Kuhle (1987) and Chandrashekaran (1999), amonghtitempare the Real Estate
Investment Trusts with other investment opportusiiie order to study the ability of
those assets to improve the diversification of gfplio (asset diversification). On the
other hand, Jensen et al. (2002), Gorton and Rduwsh (2004), and Erb and
Harvey (2006) analysed the impact of introducingnowdities indices such as the

Goldman Sachs Commodity Index (GSCI), in portfofianagement.

Note that EUAs are considered in the literatureréiBeet al. (2006)) as commodities. In
this paper we will focus on the diversificationezfts of introducing EUAs in different

portfolios that may or may not include commaodities.

Since the interest of the investors in carbon ntarke constantly increasing, jointly
with the fact that Phase | of the EU ETS has jusslified, the study of the effects of
including those assets in a diversified portfolgotimely. The aim of this article is
twofold. Hence, our first goal is to provide a dgston of the effects of including this
new assebn portfolio diversification considering Phase Itbé EU ETS. We will also
analyse under what conditions the existence ofrihis asset (EUAs) will enlarge the
investment opportunities for a European investoPlivase Il of the EU ETS. To our
knowledge this is the first attempt at studying tpportunity of including EUAS in a
diversified portfolio. The results obtained will loé interest for both academic and

market participants.

The remainder of the paper is organized as folldwsthe next section we analyse

whetherEUAs are a desirable stand-alone investment andiseeish the possibility of
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considering them as a new asset class. In sectiore resent stocks, fixed income,
energy, and C@specific data used in the study. Then, in sectiamedwill study the

consequences of introducing either EUAs Phase Plase Il in several diversified
portfolios made up mainly of stock, bonds and epexgmmodities. Finally, section 5

presents the principal conclusions and some feralrks.

4.2.1S CO, A DESIRABLE STAND-ALONE INVESTMENT?

Before examining the diversification opportunitigat may arise when including GO

assets in traditional portfolios, we will brieflx@mine whether it is a desirable stand
alone investment. We may first ask whether this asget is a financial asset, a new
commodity, or a new asset class. In order to ansiwerimportant question, we study

the characteristics of EUAs and compare them wiehother known asset classes.

From the storability point of view, EUAs are simil@ar the traditional financial assets.
The EU ETS is a market organized by accounts transactiod consequently there are
no storability problems for EUAs, which are “stored$ with other financial assets, in
electronic accounts. This is not actually the case dommodities. In general,
commodities present storability problems that offgnvoke backwardation in their
markets (these markets provide a hedge for produedrich may accept to sell their
commodities at a futures price lower than the etgiems for the future spot price and,
hence, pay a risk premium). The fact that EUAs havestorability problems should
avoid violent price fluctuations in spot EUA pricexluced by demand and supply

tensions.

However, Benz and Truck (2006) point out that wiiile value of a stock is based on

profit expectations of the firm, this is not theseafor EUA prices. In this case, the
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prices are determined directly by the expected pias&arcity provoked by factors such
as energy prices and climate variables, as notdddnsanet-Bataller et al. (2007) and
Alberola et al. (2008). In this sense, EUAs behaweensimilarly to commodities. This
is the idea defended by Borak et al. (2006) thass#d the EUAs as a nhew commodity
that companies need, under the 2003/83/EC Directiveprder to carry out their
activity. Borak et al. (2006) pointed out that EUfan be considered dsperating
materials that are directly linked to a productisystem’ Despite this, there is an
important difference between operating materiald BtUAs because the companies
only need to have in their electronic inventories allowances that correspond to their
verified emissions for a specific year, or"3®pril of the following year (2003/87/EC

Directive).

Thus, while in the case of commodities the mainaredsr supply and demand tensions
is the storability problem, in the case of EUA psicthe principal reason is the level of
real emissions. As the supply of allowances isdixe advance by the European
Commission for each of the Phases, the demandl@wvances is what determines the
equilibrium price. Evidence of this can be seenigufe 1 in which the evolution of
Phase | and Phase Il G@rices are presented. The prices make referenpades of
futures contracts with maturity in December 2003 @hase I) and in December 2008
(for Phase Il). In both cases, the information cenfi®m contracts traded at the

European Climate Exchang®.

[Please, insert Figure 1].

% As it will be shown in section 3 these prices #ire most representative for Phase | and Phase II,
respectively.
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In this figure we can appreciate that Phase | priemdency to zero started with the
European Commission announcement on real verifiedseon for the year 2005 that
took place on April 2006. With this announcemert,wias clear to the market
participants and researchers that the Phase | vassapplied and thus the price of this
contract tended to zeP8.This has not been the case for the Phase Il conifagse
prices oscillated in a range between 20-25 eums the later months of 2007 until the
end of the sample period (3Tanuary 2008). Additionally, if we have a lookthé
market volumes of both contracts, we find that vietume of Phase Il contracts has
been increasing since January 2006. Note that wveiMber 2006, the December 2008
contract was more traded than Phase | contracts. iticates that, since November
2006, the interest of the market has focused on Rhase Il of the EU ETS.
Additionally, the market is constantly increasihg wvolume traded. The volumes of the
December 2008 contract during the later monthsO8f72and the first month of 2008

were rarely reached by Phase | volumes.

As has been said, another interesting issue isnfust commodities present normal
backwardation that becomes another factor drivimgroodity returns. As pointed out
by Till and Eagleeye (2006), by continuously invegtin front-month futures contracts
one captures these returns. However, in the cagdJéf, there is a current contango
market situation (Borak et al. (2006)) and thuis ihot possible to increase the returns

by rolling-over futures contracts.

In order to analyse the performance of EUAS, the mdélae variance, the standard

deviation, the maximum, the minimum, and the Sh&ago of weekly returns for both

% For more information, please see Mansanet-BatafidrPardo (2008). The authors analyse the impact
of official announcements made by the European Cission that have an impact on £frices.



Chapter 4: CQ Prices and Portfolio Management 131

CO, contracts (the one representing Phase | priceshtendther representing Phase Il

prices) are presented in Table 1.

[Please, insert Table 1].

We can appreciate that the historical returns efRhase | prices of the EU ETS had a
very negative mean (a loss of 231.61%) and a vigly standard deviation and thus a
high and negative Sharpe Ratio. The high standardtitn of Phase | EUAs may be
explained by the fact that at the end of the sarppted considered, the price level was
very low (around 0.03 euros) and small changesenprice (0.01 euros) meant a 33%
decrease in prices. In Figure 2, the volatility letion of both the C@ Phase | and
Phase Il returns is shown. Each point depicts a mgoainnualized standard deviation

for the previous 20 prices (19 returns).

[Please, insert Figure 2].

As shown in Figure 2, the volatility is really higparticularly in the case of Phase |
CO; returns. If we compare the evolution of the staddieviation for the returns of

Phase | and Phase II, we can appreciate that theeHhprices present lower standard
deviation even if at its lowest level the standdaviation is around 25%. We obtain
similar progressions if we consider the annualigethdard deviations during the 5 or
10 previous weeks. However, the volatility is caesably higher as we decrease the
number of previous weeks taken into account in mt@ebtain the annualized standard

deviations.

These results suggest that investing would be Visky rand with negative expected

returns, and consequently is not recommended. Hewelis reasoning applies for a
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buyer. The agent that took a short position in Phdstires contracts assumed a very

high risk but obtained a very high return.

4.3. DATA

To analyse the impacts of introducing £€»ntracts in a diversified portfolio, we are
going to take into account, in addition to EUAs pdcdata referring to equities, fixed
income, and energy commodities. All of them, aslwaslthe risk-free rate, have been

obtained from Reuters Database.

As we are interested in determining the impactneesting in Phase | and Phase Il
separately and that we consider it interestinglltovafor short sales, we have used in
this study the front futures contract price setesepresent the EU ETS Phase | prices,
and the December 2008 futures contract to représerEU ETS Phase Il prices. Such a
choice will allow us to compare among Phases antkruine if the market
opportunities have changed from one Phase to tier and if so, explain the principal
reasons. The sample period runs froMi®2gril 2005 to 3% January 2008. In both
cases we have considered EUASs traded at the ECX thagnas we can see in Figure 3,

it is the most important futures market in voluraens.

[Please, insert Figure 3]

Related to the equity and interest rate data, we lkbansidered the most heavily traded
derivatives contract in Europe, all from EUREX marHlet.the case of equity index

derivatives contract, we have chosen futures poceBow Jones Euro Stoxx 50. In the
case of fixed income derivatives, we have seletttedhree benchmarks used in Europe
which are the Euro Schatz Futures (with a term @b 10 2.25 years and a coupon of

6%), Euro Bolb Futures (with a term of 4.5 to 5.%@ngeand a coupon of 6%), and the
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Euro Bund Futures (with a term of 8.5 to 10.5 yemrd a coupon of 6%). All these

contracts are on a notional debt security of thdeFa Republic of Germary.

With respect to the energy prices, we have seleittednost representative series in
Europe. Thus, we have considered daily futures potdrent and Natural Gas, both

traded at the International Petroleum Exchange ([PE).

In order to perform our analysis and especiallyotitain the Sharpe Ratio for the
different assets and portfolios, we have considéenedEURIBOR one month as the

risk-free rate of returns.

Finally, we want to highlight two features. Firstfpr all these series of prices we have
considered the front futures contracts for eacletafs the sample period from %2
April 2005 to 3f' January 2008. The reason for such a choice is tdiofan the one
hand, we are interested in taking into accountstimee type of contracts as in the case
of EUAs and, on the other hand, we are considehiagrost liquid contract that allows
the portfolio manager to close a large positiorckiyi and at low cost. Secondly, it is
important to remember that we have data of futar@racts and, as everybody knows,
they have a finite life limited by their maturitiyor our study, we have considered series
considering the expiration day as the timing ofonar. We have calculated the rollover
day continuous return as the logarithm of the equmtbetween the closing price of the
first maturity and the previous price of such méyuiOn the following day the return is
obtained in a similar way but considering the cigsprices of the new first maturity

contract.

" For further details, see http://www.eurexchange/txading/products_en.html.

"L We have not considered in this study the priceeseaf coal because this commodity is usually tdade
Over the Counter and it is not as accessible fgestment purposes as the other two commodities
considered.
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We will perform the mean-variance analysis usin@kix returns data. For this reason,
once we have obtained the daily returns, we caleulke weekly returns for all assets as

the sum of the daily returns in a week.

Table 2 presents the descriptive statistics of allv mdata considered in the study.
Specifically, we have obtained the mean, the vagarihe standard deviation, the
maximum and the minimum returns, and the SharpeRiat all cases we have used

historical weekly returns.

[Please, insert Table 2]

Energy variables present quite different means &arttlard deviation levels. While the
Brent presents a positive mean and a standard taeviaf 25.15%, the Natural Gas
presents a very negative mean and a high stan@ardtidn. Unsurprisingly, the fixed
income assets are those with lower standard dewmiatnd in this case they present
negative returns. Note that, as expected, the botttisnearer maturity have a smaller
variance. The Euro Stoxx 50 presents higher levelgtoins than the other variables
considered and a standard deviation around 15%helmext section, we study whether
including the EUASs in six portfolios made up offdiient combinations of those assets

increases the European investor efficient set.

4.4. 1S IT WORTH INVESTING IN CO , AS A PORTFOLIO COMPONENT?

To analyse the impact of the EUAs on a diversifiedfplho, we have considered that
the investor has the possibility to invest in ttiadial investment assets (stocks and
bonds), commodities (Brent and Natural Gas), and £UXs we have seen in the
previous section, EUAs are considered in the liteeaas a commodity. However,

Borak et al. (2006) conclude that there are substadifferences in the behaviour of
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EUAs and other commodity prices. If those differeneeere not too important, we
would expect that the contribution of the £€@ the diversification of the portfolio
including the energy variables would be minimald ahus this would be a new

argument to include EUAs in the commodities assetscl

Additionally, by analysing the effects of introdngi EUAs in different portfolios with
and without energy commodities, we are taking iat@ount two different types of
investors that participate in the EU ETS. In the finsiup we find the investors that do
not have carbon reduction obligations and thus are eaonsider that their diversified
portfolio may or not include energy variables. e second group of investors, we find
the companies with carbon reduction targets thatbadsly already have energy variables
in their portfolios. Note that these latter typdsirovestors are not only interested in

diversifying their portfolios, but they may alsodge the risk of C®price variation.

4.4.1. Correlation Analysis

As is well known, one of the main conditions of @meset that is going to be introduced
in a portfolio with the objective of increasing thmrestor opportunity set, is that it has
to present low or negative correlation with theetsslready considered in the portfolio.
In Table 3 we present the correlation analysis usiagkly returns for the period from
April 2005 to January 2008 between all assets takinaccount in the study: Phase |
CO,, Phase Il CQ Brent, Natural Gas, Euro Schatz Futures, Euro Bolblres, Euro

Bund Futures, and the Euro Stoxx50.

[Please, insert Table 3].
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Table 3 shows that the correlation between the Buoax 50 and the fixed income is
negative and statistically significant. Additionglthe correlation with the other assets
considered is also negative but not statisticatipificant. We also observed that the
fixed income at short, middle or long term contsaate much correlated (correlations
higher than 80%) and that Brent and Natural Gakeseare not correlated. Another
important aspect to comment on is that Phase Irnethhave positive statistically
significant correlations with most of the assetshia portfolio. It is only not correlated
with Euro Bolb Futures and Euro Bund Futures. Thes@hlareturns are only positively
and statistically correlated with Brent returnsdfly, the correlation between the two
EUA contracts is quite important during the perigddsed (35 %) but this is not
especially relevant in our case because, as wgustify in section 4.2., we are going to
study the impact on the portfolio standard deviatmd return of each of the Phases

considered separately.

Additionally, the correlation between two assetsynudffer under varying market
conditions and consequently, it is important tced®ine how a candidate asset behaves
during the extreme performance weeks. We woulchterested in incorporating a new
asset in a well diversified portfolio if it has @il or negative correlation with the other
assets in the portfolio and, particularly, if tlesrrelation occurs with negative external
conditions. Following Karavas (2000), we have aldi the returns of CQprices for
both Phases of the EU ETS for the worst performanaksvef the energy series, the
fixed income, and the Euro Stoxx 50. Specificallg have obtained the mean of the
returns that were higher than the percentile 99 é88 the mean of the returns that were
lower than the percentile 1 (5) for the energyafales, the fixed income, and the Euro
Stoxx 50 and we have compared them with the medmeo€Q returns for both phases

of the EU ETS for the same weeks. The results areriezsen Table 4. In Panel A (B)
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we consider the 5% (1%) worst and best returnsefgy variables, the fixed income,

and Euro Stoxx 50.

[Please, insert Table 4].

During the worst energy week returns, the Phasentract correlation with energy
variables is positive. The EUAs Phase | returns belavthe same way as the energy
variables and this is especially pronounced indéee of the 5% worst energy returns
where the Phase | contract loses an average ofd338& value. During the worst Euro
Stoxx 50 performance weeks, the correlation with BRHase | returns is negative for
both carbon contracts and thus this asset coul@ase the investors efficient set. The
case of the Phase Il returns correlation with enegagiables is also positive but while
the energy variables lose an average of 11% of treue, during those weeks the
Phase Il contract only loses 2% of its value. la thase of the 5% worst performance
weeks of the fixed income, the @@turns are always positive. These results indicate
that the carbon contracts are probably not a gogetsification asset in a portfolio with
energy contracts but it could be a good diverdificaasset in a portfolio made up of
traditional investments such as stocks and bondssé&lnesults are coherent with the
high correlation of C@Phase | and Phase Il with the energy variablédsthdave seen
in the previous section and the non statisticahiigant correlation of Phase Il returns

with the Euro Stoxx 50.

4.4 .2. Diversified Portfolios Performance

Now we are going to consider several portfolioshwdifferent combinations of assets in
order to analyse the performance of each one ofi.ti$pecifically, we have considered

six different portfolios: Portfolio | is made up stocks and bonds, Portfolio Il is
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formed by stocks, bonds, and commodities, Portfidlioncludes equities, bonds, and
Phase | EUAs, Portfolio IV is made up of stock, bmrehd Phase Il EUAs, Portfolio V
consists of stock, bonds, commodities, and PhdSgAs, and finally, Portfolio VI is

comprised of stock, bonds, commodities, and PhhdeUAs. Note that when we

consider the EUA as an investment asset in the ghiortfwe never consider the
possibility of investing together in Phase | anc&agthIl EUAs. The reason for such a
choice is that, although it is no longer possildernvest in Phase | EUAs (remember
that the trade of such asset finished in DecemB@7y it is interesting, on the one
hand, to study what happened during the Phas¢hledEU ETS, and on the other hand,
to analyse the effects of investing in Phase Il EU¥s their own. Specifically,

following Karavas (2000), the composition of thertfmlios and the weights we have

considered are the following:

- Portfolio I: 50% stocks and 50% bonds,

- Portfolio II: 80% Portfolio | and 20% energy,

- Portfolio Ill: 80% Portfolio | and 20% C{Phase I,

- Portfolio IV: 80% Portfolio | and 20% C{Phase II,

- Portfolio V: 80% Portfolio I, 10% energy and 10% £®hase I,

- Portfolio VI: 80% Portfolio I, 10% energy and 10%0¢Phase Il.
Using this approach, we are going to assume that shles are not allowed and that
100% of the wealth is invested in the portfolio.daction 4.3, we will calculate the

optimal portfolios weights allowing for short sales all those portfolios, and we will

show that we are able to obtain better returnghfersame levels of standard deviation.

In Table 5 Panel A, the mean, the variance, thedar@ndeviation, the minimum, the

maximum, and the Sharpe Ratio of the six portfodites presented.

[Please, insert Table 5].
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If we focus on Panel A of Table 5, we observe that $harpe Ratios of all portfolios
except for Portfolios | and IV (0.2608 and 0.17&3pectively) are negative. Despite
this, as show in Table 1 and Table 2, except foc#se of the Euro Stoxx 50, the Brent,
and the CQ@ Phase Il, the Sharpe Ratios obtained for the sissgtsidered separately
are also negative and most of the times smallegbsolute terms, than those of the

portfolios.?

Figure 4 shows the return-standard deviation tftleef the assets considered
individually and the return-standard deviation &auff of the six portfolios presented
before. In Figure 4-A the asset trade-off obtaimedhown, in Figure 4-B there is a

zoom of the assets up to a standard deviation %f. 60

[Please, insert Figure 4].

Additionally, Figure 4-C presents the return-staddaleviation trade-off of the
portfolios presented above. As we can appreciatetfdio | dominates all the other
portfolios as it has the highest return for the detvstandard deviation. The worst
portfolio is Portfolio Ill. It presents a low exped return (more specifically, a negative
return) and a high standard deviation. Remembetrr Buatfolio | is the one with
traditional investment assets (50% stocks and 56#@%) and Portfolio Ill is the one

that includes 80% of traditional assets and 20%©f Phase | contract.

However, as noted by Elton et al. (1987) and Blauk latterman (1992), the historical
returns provide poor guides to future returns. Addally, Chopra and Ziemba (1993)

pointed out that using forecasts that do not atelyraeflect the relative expected

2 Note that during the sample period analysed mbtheassets considered had lower average returns
than the risk-free asset and obviously a highendsted deviation. This explains the negative Sharpe
ratios.
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returns of different securities can substantiabbgrhde the mean-variance performance.
Nevertheless, those authors used different forecpsichemes, apart from historical
returns, and their results continue to hold as lasmthe inputs have errors. Additionally,
they find that the errors in means, variances, @driances depend on risk aversion,
but in all cases the consequences in terms of@@sivalent loss are higher for errors in

the mean forecast.

Following Karavas (2000) and with the purpose oftemplating this problem, we have
identified portfolio allocations by obtaining th&pected returns using a return forecast
model that assumes all assets have the same Jjisitedireturn (Sharpe Ratio). That is,
we have conducted a cross-sectional non paranregiession of historical return on
historical standard deviation for all the assetduded in the study. We have determined
the common Sharpe Ratio (-0.0913) and we haveraidahe expected returns for each
asset imposing the fixed Sharpe Ratio for all asddfising this methodology, only the
level of the return and not the time series properre adjusted, and thus this approach

preserves the variance of the asset as well aotinelation with all other assets.

The choice of the non-parametric methodology in otdeobtain the common Sharpe
Ratio is principally due to the few data availafdethe cross-sectional analysis. In this
case, the estimated values are the medians of dhditional distribution of the

independent variable (the historical returns ofaksets) instead of the means.

In Table 5, Panel B we present the mean and thgp&Hatio using the risk-adjusted
returns approach. As we have seen, the other Vesigiesented in Panel A of Table 5

do not change when considering risk-adjusted retuks we can appreciate in Panel A,

3 Note that this Sharpe ratio is coherent with tesults obtained previously. As most of the assets
considered had a negative Sharpe ratio during déinepke period analysed, the historical relationship
between returns and standard deviation in glolvaigés also negative.
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the Sharpe Ratios all become negative (with thegtan of Brent and Euro Stoxx 50).
However, the Sharpe Ratios of the individual assétsined with the risk-adjusted
returns, are smaller in absolute terms than thégbeoportfolios (see last column of

Table 1 and Table 2).

Additionally, Figure 5 presents the return-standdestiation trade-off of the assets and

the portfolios considered in the study using ridkiated returns.

[Please, insert Figure 5]

The results are similar to those obtained usinghcstl returns, and presented before.
As we have seen, the standard deviation is the satependent of the methodology
used. In both cases we again find some portfolidh Wgh standard deviation and
negative returns. Specifically, this is the caseahaf portfolios that introduce Phase |

CO, allowances (Portfolio Il and V).

The conclusion is that when using historical retwnsisk-adjusted returns, we obtain
portfolios with, in general, higher Sharpe Ratinsabsolute terms, but still negative.
Nevertheless, we have to take into account thahvimteoducing EUAs in the portfolios
[, 1V, V, and VI, we have considered a positiveveéstment of 20% of the total wealth
invested in the portfolios Il and IV, and a posttiinvestment of 10% of the total
wealth invested in the portfolios V and VI. Probalthese percentages of EUAs are too
high. Consequently, the standard deviation of thefgio increases more than the
expected returns when introducing these new ag#®ts present a high individual
standard deviation not compensated by their loneetqul returns). In section 4.3, we
will obtain the optimal weights of the combinatiah assets for the six portfolios

considered in the study.
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4.4.3. Efficient Frontiers: Obtaining and Results

To obtain the efficient frontiers, we use the meanance methodology. We consider
the six possibilities of asset combinations taken account in the previous section and
we compare them. Following the traditional methodgl of the rule “expected returns
— variance of returns” proposed by Markowitz (195Bg investors are faced with the
trade-off between return and standard deviatiomt tis, they have to solve an

optimisation problem which can be specified asoiwH:

. 2
ming, i1~} 9p

St.

gwj E[Rj ] =E[R]

N

2@ =1

=1

w, is the weight in the portfolio of assgtthere areN assets,ap2 is the portfolio

variance,E[RjJ is the expected return of asgeand E[R, | is the expected retumn of the

portfolio. Note that the restrictions of this pretsl allow for short selling, meaning that

it is not necessary that > .(Orherefore, the objective of the investors thaeféus

optimisation problem is to minimize the standardiaon for an expected return. Note
that by choosing different expected returns, weade to generate the efficient frontier
with all the efficient portfolios (those portfoliothat provide the lowest standard
deviation for a given expected return or equivdjerthe greatest expected return for a

given level of standard deviation).

We have compared the efficient frontiers by obtagnihe solution to the minimization

problem using the “solver” function of Excel. We asbtained the optimal weights for
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the combinations of assets of the six portfoliopsidered in the previous section.
Additionally, as the method used to obtain the eigub returns is determinant in the
results of the minimization problem, we have coesd the two possibilities for
obtaining the expected returns: Historical Retuand Risk-Adjusted Returns, in line

with the previous section.

In Figure 6-A (B) the results for the optimal potibs obtained using historical (risk-

adjusted) returns are presented.

[Please, insert Figure 6].

In Figure 6-A, the efficient frontiers for the siifferent combinations of assets in the
portfolios are obtained using historical returns. iie can appreciate, in this case the
combination of assets that allows for a betterceffit frontier match with the
composition of Portfolio V. That is, if we introduemergy assets and @®hase | to
the traditional portfolio made up of stocks and d&rthe opportunities possibilities for
the investors increase, allowing investment in fpbas with higher returns for the

same levels of standard deviations.

The next best efficient frontier is the one thatresponds to Portfolio VI combination.
This portfolio is made up of traditional investmergsergy and COPhase Il. However,
this portfolio does not offer a big difference ifii@ency terms neither from Portfolio
II, which is made up of traditional investments amergy assets, nor from Portfolio I,
which is made up of traditional investments and,®Qase I. In the last positions we
find the efficient frontier that corresponds to fdio IV, which is made up of

traditional investments and G®hase Il and that presents a slightly higher iefficy
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curve than Portfolio | which is exclusively made obtraditional investments (stock

and bonds).

In Figure 6-B, the efficient frontiers for the sarasset combination in the different
portfolios are obtained using the risk-adjustedined. The results are basically the
same. The most interesting portfolio in terms otime$ adjusted by risk to standard
deviation is again Portfolio V (traditional investnt, energy, and GCPhase I). The
difference from the previous results is that thetfpbo made up of traditional
investments and COPhase | (Portfolio 1ll) is the next one that alkovior a large
efficient frontier. The order of the other portfdias the same as presented above
(Portfolio VI presents a higher efficient frontigran Portfolio 1l and Portfolio IV, and

Portfolio | is the one that allows a smaller spat@vestment opportunities).

The main conclusions of this part of the sectiorthiat including CQ Phase | and
Phase Il can improve the investment opportunityfaean investor who initially invests
in traditional investments (stocks and fixed incdntowever, the opportunities that the
CO, Phase | investment presented in this sense, waol more important that those
presented by the investment on {@hase Il during the sample period. If we consider
an investor that already had energy variables snpairtfolio, only the investment in
CO, Phase | could increase his investment opport@nitie contrast, independently of
the method used to obtain the expected returndjnaethat the portfolio that includes
energy variables always allows for better comboreti of returns and standard

deviation than those that include £€Phase Il.

These results are coherent with the previous repuisented throughout the article.

The fact that C@Phase | contracts presented very low returns avitary high standard
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deviation, jointly with the consideration of allavg short sales, causes the selling of
CO, Phase | contract to increase substantially thestment opportunity set. On the
other hand, the C{Phase Il contract also had a very high standavéhtien compared

to energy variables or to the traditional investmént not such high (or low) returns as
to convert it into an attractive investment to bioy sell). Additionally, both C®
contracts have positive and statistically significaorrelations with Brent. This could
explain why introducing C@®contracts in a well diversified portfolio with atjgs and
fixed incomes, which are correlated to none of ©@, contracts, increases the
investment opportunity set, but this is not theecaden the well diversified portfolio
already has energy variables. As explained beftite, case of C@QPhase | is a

particular one due to its expected returns andistahdeviation.

4.4.4. Optimal Weights of the Different Assets Comgered in the Portfolio

Following this reasoning, it would be interestimgknow which of the assets are sold in
the optimal portfolio, which of them are bought andwhich proportions. This is the
reason why we are also interested in the weightsaoh sort of asset in each one of the
optimal portfolios. For each of the six portfolioge have considered three objective
returns, and we have obtained the minimum variacwebinations of assets in the
portfolio that give us that return. Specifically wmave considered a return of 3%, 5%
and 10% as the objective return in order to obth® optimal weights of assets.

Figure 7 presents those results using the histagtarns.

[Please, insert Figure 7].

As we can appreciate in Figure 7, the optimal pticé have many large long and short

positions. Specifically, in all of them there itaage short position of Euro Bolb Futures
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and a large long position in Euro Schatz Futures ianBuro Bund Futures. These
results are not surprising since, as pointed ouBlagk and Litterman (1992), when
using the mean-variance optimization models witltostrains in the optimal portfolio
against shorting, it is common to find large longd ashort positions in the optimal

portfolios.

When we consider historical returns, our particuésults show that, in order to obtain a
return up to 10%, the percentage of the wealthstecein CQ is relatively small in all
cases, both if we take into account that thereeaeggy contracts in the portfolio or not,

and both if we consider Phase | or Phase II.

In the case, we suppose that there are no energyacts in the portfolio and that we
introduce CQ Phase | (Portfolio Ill), we find that the signtbe investment is negative
(which means that we should sell that contract) @ad it represents 3% of the total
wealth. The sign obtained enforces the commentang gweviously about the way of
introducing this new asset in a traditional pordolAllowing for short selling is the

only way of obtaining a participation of G@h the portfolio. Additionally, the amount
is comparatively small with other components of ploetfolio. A possible explanation is
that with the introduction of this asset in thetfwio, the trade-off between return and
standard deviation is diminished due to the higimgard deviation that the inclusion of

CO, Phase I introduces into the portfolio.

If, instead of CQ Phase |, we introduce G@hase Il in a portfolio without energy
variables (Portfolio IV), the sign is positive (ihis case we should buy that contract)
and represents 5% of the total wealth in the plotf@he explanation of a positive sign

is that the expected return for g®@hase Il is positive. The low participation in the
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optimal portfolio of this asset is again its higistorical standard deviation. Note that
the weights obtained in Portfolio I, the one thatets into account only stock and fixed
income, for each of its components does not chanbstantially with the introduction

of CGO, either Phase | or Phase |I.

In the case where we consider that there are aireadrgy contracts in the portfolio
(Portfolio II, V, and VI), the results do not changubstantially. The participation of the
energy variables in the portfolio is also very dnaald the inclusion of COPhase | or
CO, Phase Il is similar to the case where we do nasicer energy variables in the
optimal portfolio. Those results are coherent wité tact that the mean-variance model
tends to overweight (underweight) those securities performed well (poorly) in the

reference period of time.

Note that in this figure we can also appreciatecWwhoptimal portfolios offer the
smallest standard deviation for the same return &% and 10%) and thus the position

of the efficient frontiers in the return-standael/dtion space.

These commentaries vary substantially when we cenglie Risk-Adjusted returns.

These results are shown in Figure 8.

[Please, insert Figure 8].

As has been said, in this case, the returns austadj to impose the same Sharpe Ratio
to all assets (Sharpe Ratio equals to -0.0913)shsvn in Table 1, those returns are
very similar among assets and thus the criterindlnide the asset in the portfolio with a

positive or negative sign in this case is prindip#te standard deviation that the asset
introduces in the portfolio. As we can appreciatd-igure 8, the assets that present a

high standard deviation are introduced in the pbafwith selling positions and those
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that present a low standard deviation with buyingifoons. EUAs are introduced in all
cases with selling positions and again, allowingstwort sales is the only way of having

CO; in the portfolio (both Phase | and Phase II).

4.5. SUMMARY AND CONCLUDING REMARKS

Since January 2005 two sorts of EUAs have been draB&JA Phase | and EUA
Phase II. However, since April 2008, as Phaseolalhces have all been surrendered or
cancelled, it has only been possible to trade EUAsEHI. Additionally, the trading
volume on European carbon markets is increasingttamgithe interest in studying the

implications of these new assets in portfolio mamagnt.

In this article we have analysed the charactessticEUAs Phase | and Phase Il as a
sole investment. We have confirmed that both asgedsent low returns and high
standard deviations and thus present a low Shaape Respecially the Phase | EUAS).
Consequently those assets are not convenient &sting assets. However, if we
consider the negative return of Phase | EUAs, weé &n opportunity by selling this

asset.

We have also studied the impact of including theessets in a diversified portfolio. We
have taken into account six different portfolio quoeitions and we have obtained the
efficient curves for each of these portfolios. Wavé performed this analysis using
historical returns and risk-adjusted returns andfiweé quite similar results. We have
discovered that including GOPhase | and Phase Il can improve the investment
opportunity set for an investor that initially irste in traditional assets (stocks and fixed
income). However, the opportunities presented leyGl®y Phase | in this sense, were

much more important than those presented by thestment on C®Phase Il during
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the sample period. If we consider an investor #legady had energy variables in his
portfolio, only the investment in COPhasel could increase his investment
opportunities. In contrast, independently of thethnd used to obtain the expected
returns we find that the portfolio that include®rgy variables always allows for better

combinations of returns and standard deviation thage that include CPhase II.

Finally, we have analysed how to incorporate EUA% imn optimal portfolio
considering an objective return of 3%, 5%, or 10%& find that the weights are not too
important and that in most of the cases it is ipelisable to allow for short sales in
order to incorporate EUAs in an optimal and welledsified portfolio, especially in the

case of Phase | EUAs, whose price was essentiallydiging 2007.
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Table 1: Descriptive Statistics of Assets Performare. May 2005 — January 2008.

This table presents the mean, the variance, tmelatd deviation, the minimum (Min), and the maxim(iax), and the Sharpe
Ratio of both C@contracts (C@Phase | (Il) representing Phase | (Il) priceshgsieekly historical returns. All results excepe th

Sharpe Ratio are annualized and presented in gageeriThe last column shows the Risk-Adjusted ebgolereturns (with Sharpe
Ratio =-0.0913).

) Standard . Sharpe Risk-Adjusted
Mean Variance Deviation Min Max Ratio Expected Return
CO,Phase | -231.61 33815.71 183.89 -207.94 109.86 769.2 -27.66

CO,Phase Il 7.09 3120.75 55.86 -50.01 20.73 0.0696 503
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Table 2: Descriptive Statistics of Asset Performaree May 2005 — January 2008.

In this table, the mean, the variance, the standawvéhtion, the minimum (Min) and the maximum (Maahd the Sharpe Ratio of
for the Brent, Natural Gas, the three fixed incarnatracts considered (Euro Schatz Futures, Eurd Batores, and Euro Bund
Futures), and the Dow Jones Euro Stoxx 50 usindiyewgstorical returns are shown. All results excépe Sharpe Ratio are
annualized and presented in percentage. The Iashnshows the Risk-Adjusted expected returns (8hharpe Ratio = -0.0913).

Mean  variance ST Minmax SRRSO et
Brent 6.47 632.54 25.15 831 873 0.1301 2.62
Natural Gas -85.00 493173 7023 3327 3293  EB25 -1.30
Schatz -0.50 1.10 1.05 035 048 -3.5237 3.20
Bobl -0.75 6.61 257 077 1.08 -1.5344 3.19
Bund -0.62 18.05 4.25 138 157  -0.8980 3.18
Euro Stoxx 50 10.64 211.05 14.53 -6.06  5.30 05125 3.01
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Table 3: Correlation Analysis among Assets.

Correlation of the weekly returns from April 200& danuary 2008 among all the assets consideregeirstudy: Phase | GO
Phase Il C@ Brent, Natural Gas, Euro Schatz Futures, Eurd Batures, Euro Bund Futures, and the Euro StoxX5@. critical
value for the statistical significance of the ctatiens coefficient is calculated as #n* indicates the coefficients are statistically

significant at the 5% level.

Euro Stoxx 50 CePhase | CoePhase Il Brent Natural Gas  Schatz Bobl
CO, Phase | -0.0973 1*
CO,Phase I -0.0039 0.3768* 1*
Brent -0.0142 0.1960* 0.2111* 1*
Natural Gas -0.0656 0.1717* 0.0969 0.1312 1*
Schatz -0.1292 -0.1593 0.0003 0.0370 0.0275 1*
Bobl -0.3464* 0.2147* 0.1073 0.0339 0.0440 g96 1*

Bund -0.3326* 0.1562 0.0921 -0.0249 0.0674 0.0439 0.9333*
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Table 4: CO, Returns during the Worst and Best Energy, Fixed lkome, and Euro
Stoxx 50 Performance Periods.

This table presents the mean returns during thestwaord best periods of the energy variables, tkedfincome, and the Euro
Stoxx 50. Panel A (B) takes into account the 5%)(1feach Panel, column 2 (3) shows the returmeguhe worst (best) weeks
for energy variables, column 4 (5) presents thernstduring the worst (best) weeks for the fixecbime variables, and column 6
(7) the returns during the worst (best) weeksHerEuro Stoxx 50. The data used are the weeklynefoom April 2005 to January
2008.

Panel A: CQReturns on the 5 % Worst Returns of Energy, FilrRedme, and Euro Stoxx 50.

Energy Returns Fixed Income Returns  Euro StoxRéfirns

Worst Best Worst Best Worst Best
CO; Phase | Returns -33 2 1 9 8 -9
CO; Phase Il Returns -2 1 3 3 4 0
Energy Returns -11 12
Fixed Income Returns -1 1
Euro Stoxx 50 Returns -5 4

Panel B: C@QReturns on the 1 % Worst Returns of Energy, FirRedme, and Euro Stoxx 50.

Energy Returns Fixed Income Returns  Euro StoxRéfirns

Worst Best Worst Best Worst Best
CO; Phase | Returns -3 11 -5 0 0 8
CO; Phase Il Returns 1 3 3 4 5 -1
Energy Returns -14 19
Fixed Income Returns -1 1

Euro Stoxx 50 Returns -6 5
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Table 5: Descriptive Statistics of Portfolio Perfomance Expressed in Percentage.

In Panel A of this table, the mean, the varianice,standard deviation, the minimum (Min.), the maxin (Max), and the Sharpe
Ratio of the six portfolios are presented usingkhehistorical returns for the period from April @6 to January 2008. In Panel B
we present the mean and the Sharpe Ratio usingskhadjusted returns approach using the same sapepiod. The portfolios are
weighted as follows: Portfolio | is made up of &®and bonds, Portfolio Il is made up of stocks)dsy and commodities, Portfolio
Il is made up of stock, bonds, and Phase | EUAstflio IV is made up of stock, bonds and PhaseUlAs, Portfolio V is made
up of stock, bonds, commodities, and Phase | EldAd, finally, Portfolio VI is made up of stock, bandommodities, and Phase Il
EUAs.

Panel A: Descriptive Statistics of Portfolio Perfance May 2005- January 2008 in percentage. Histarturns.

Standard

Mean Variance Deviation Min Max Sharpe Ratio
PORTFOLIO | 5.01 48.33 6.95 -3.03 247 0.2608
PORTFOLIO Il -3.84 86.23 9.29 -2.80 3.94 -0.7584
PORTFOLIO Il -42.31 1353.22 36.79 -40.69 22.29 12372
PORTFOLIO IV 5.43 156.96 12.53 -10.54 3.16 0.1778
PORTFOLIO V -23.08 397.74 19.94 -20.79 1156 _1.3176
PORTFOLIO VI 0.79 82.08 9.06 -5.91 2.33 -0.2657

Panel B: Descriptive Statistics of Portfolio Pemi@nce May 2005- January 2008 in percentage. Rigiséet returns approach.

Mean Sharpe Ratio

PORTFOLIO | 3.09 -0.0019

PORTFOLIO I 2.61 -0.0088

PORTFOLIO I -3.05 -0.0235

PORTFOLIO IV 2.55 -0.0072

PORTFOLIO V -0.22 -0.0238

PORTFOLIO VI 257 -0.0095

Where for both Panels:
EU Equity EU Bonds Energy G®hase | C@Phase Il

PORTFOLIO | 50% 50%
PORTFOLIO Il 40% 40% 20%
PORTFOLIO Il 40% 40% 20%
PORTFOLIO IV 40% 40% 20%
PORTFOLIO V 40% 40% 10% 10%

PORTFOLIO VI 40% 40% 10% 10%
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Figure 1: CO;, Phase | and CQ Phase Il Price and Volume Evolution.

This figure shows the evolution of ECX G@tures prices and volumes for Phase | and PhageHe EU ETS from 2% April
2005 to 3¥ January 2008. The prices are expressed in eudotharvolume in number of contracts (each contahowvs for the
emission of 1000 tonnes of G@quivalent).
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This figure shows the evolution of Phase | and PhiaS G, returns volatility. A moving standard deviation2if day sample is
presented for the period from April 2005 to Janu2098. The results are very similar if we consshenple periods of 10 and 5

weeks.

Anualized Standard Deviation in %

Figure 2: Volatility Evolution.
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Figure 3: EUA Volumes in Carbon European Markets.

Cumulative volumes traded in the different Europ€ambon markets since the start of the trade i eaarket to January 2008.
Spot (futures) refers to the volume traded throsbt (futures) contracts, and OTC refers to theiwel traded through the LEBA
members. Phase | (Phase Il) refers to the EUAseraimg the Phase | (Phase Il) of the EU ETS. BlugéNeEX, and Nord Pool in

the Spot by Markets figure correspond to the voltraded in those markets through spot contractX, B®rd Pool, and ECX in

the Futures by Markets figure correspond to theiwal traded in those markets through futures castracxing up Phase | and
Phase Il contracts. The volumes are expressedhiresoof CQ-equivalent.
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Figure 4: Mean-Standard Deviation Trade-Off with Historical Returns.

Figure 4-A and Figure 4-B show the Return and Siehdeviation Trade-off of the assatensidered in this study. Figure 4-C
shows the same information for the six portfoliossidered in the study: Portfolio | is made uptotks and bonds, Portfolio Il is
made up of stocks, bonds, and commodities, Pastftlis made up of stock, bonds, and Phase | EUstfolio 1V is made up of
stock, bonds and Phase Il EUAs, Portfolio V is magef stock, bonds, commaodities, and Phase | E@Ad,finally, Portfolio VI
is made up of stock, bonds, commodities, and Pth&l3eAs. All the figures show the results using tdiscal Returns.

Figure 4-A: Assets Return and Standard Deviatiad@&roff.
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Figure 4-B: Detail Return and Standard Deviatioadg-off.
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Figure 4-C: Portfolio Return and Standard Deviafioade-off.
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Figure 5: Mean- Standard Deviation Trade-Off. RiskAdjusted Returns Approach.

Figure 5-A shows the Return and Standard Devialiaue-Off of the assetsonsidered in this study. Figure 5-B shows the same
information for the six portfolios considered iretstudy: Portfolio | is made up of stocks and bortstfolio Il is made up of
stocks, bonds, and commaodities, Portfolio IIl ist@ap of stock, bonds, and Phase | EUAs, Portfolis made up of stock, bonds
and Phase Il EUAs, Portfolio V is made up of stdmds, commodities, and Phase | EUAs, and finRitytfolio VI is made up of

stock, bonds, commodities, and Phase Il EUAs.Iftgures show the results using Risk-AdjustediRet

Figure 5-A: Assets Return and Standard Deviatiad@&roff.
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Figure 6: Efficient Frontier for the Different Port folios Considered.

Figure 6-A (B) shows the efficient frontier for tlsex portfolios considered in the study using histl (Risk-Adjusted) returns.
Portfolio | is made up of stocks and bonds, Pddftllis made up of stocks, bonds, and commodifrestfolio Il is made up of
stock, bonds, and Phase | EUAs, Portfolio IV is emag of stock, bonds and Phase Il EUAs, Portfolits \fmade up of stock,
bonds, commodities, and Phase | EUAs, and finBltytfolio VI is made up of stock, bonds, commoditiand Phase || EUAs.

Figure 6-A: Efficient Frontier for the Portfolioso@sidered. Historical Returns.
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Figure 6-B: Efficient Frontier for the Portfoliooofsidered. Risk-Adjusted Returns.
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Figure 7: Assets Weights in the Efficient FrontierPortfolios. Historical Returns.

This figure shows the optimal asset weights of ezsdet in each of the six Portfolios analysed i gtudy. Portfolio | is made up
of stocks and bonds, Portfolio Il is made up otk# bonds, and commodities, Portfolio 111 is magbeof stock, bonds, and Phase |
EUAs, Portfolio IV is made up of stock, bonds artage 1l EUAs, Portfolio V is made up of stock, bendommodities, and Phase
| EUAs, and finally, Portfolio VI is made up of stq bonds, commodities, and Phase || EUAs. AllRaaels show the results using
Historical Returns.
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Figure 8: Asset Weights in the Efficient Frontier Prtfolios. Risk-Adjusted
Returns.

This figure shows the optimal asset weights of ezsdet in each of the six portfolios analysed is $kudy. Portfolio | is made up
of stocks and bonds, Portfolio Il is made up otk# bonds, and commodities, Portfolio 11l is magbeof stock, bonds, and Phase |

EUAs, Portfolio IV is made up of stock, bonds ar$e Il EUAs, Portfolio V is made up of stock, bendommodities, and Phase

| EUAs, and finally, Portfolio VI is made up of stq bonds, commodities, and Phase || EUAs. AllRaaels show the results using
Historical Returns.
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CONCLUSIONS

Since February 2005 it has been possible to tradepEan Union Allowances for
Phase | and Phase Il of the European Union EmisBiading Scheme in organized
markets. These new assets allow for the emissionnef CQ-equivalent tonne in
Europe. Spot, Futures, and Options contracts haea laded since then with an
exponentially increasing degree in different markgaces all around Europe.
Additionally, other emission reduction permits atgo traded in Europe and around the
word, and thus the interest in studying from aririal point of view some of the most

important questions about the behaviour and theifes of this new market.

In this dissertation, we have answered some qumesstiooncerning the main
characteristics of carbon markets, the determinahfsices, the efficiency of the GO
market, and portfolio management, among others. €llqegstions are interesting not

only to academics but also to market participantsragulators.

The dissertation is organized into four differemthtchapters that look at emissions
trading from different perspectives. Chapter 1 miteed “CO, Trading”. With the
objective to make it easier to understand the ativere parts, the aim of this chapter is
to establish the context of carbon trading. In thapter, we present the Kyoto Protocol
and the three flexibility mechanisms, among whi@fimd emissions trading. We have
seen that there were many experiences previouhd€oEuropean Union Emission
Trading Scheme that concerned many types of alloega(8Q, packaging recoveries
notes or quotas in fisheries, for example) and soabe countries had already traded

with permits in order to face climate change (Derin@and UK, among others). Next we
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have focused on the functioning of the European imission Trading Scheme and
the market places in Europe where it is possibleade European Union Allowances.
We have illustrated that the most important spatu¢es) market in terms of volume is
BlueNext (European Climate Exchange (ECX)), and ferrtftoment, only ECX allows

for option trading on futures contracts of Europ&kaon Allowances. In terms of price

behaviour we have shown that Phase | prices, inkgly of the market where they
are negotiated, follow the same evolution and aréhe same levels. This is also the

case for Phase Il prices.

Additionally, the linking possibilities of the Euregn Union Emission Trading Scheme
with the United Nation carbon markets are alsoyam®al in this chapter. We emphasize
the importance of the International Transaction had the role of both the developing
and the economies-in-transition countries in mitiga the impact of climate change
through the elaboration of reduction emissions qutgj that lead to Certificates of

Emissions Reductions and Emission Reduction Unispedtively.

Chapter 2 is entitledCO, Prices, Energy and WeatherThe aim of this chapter is to
study what the factors are that determine shorh t&Q, prices and to give some
evidence of the rationality of this new markettsfirst year of functioning. Most of the
theoretical models dealing with this question ssgdbat energy prices and weather
factors could influence allowance prices. Theseofacare, in general, consistent with
market agents’ perceptions. In this paper we facuthe daily CQreturns during 2005
in an attempt to examine the underlying rationabtyricing behaviour during the first
year of the European Union Emission Trading Schemgatticular, in this study we
analyse several models to corroborate the influef@nergy and weather variables on

CGOs returns.
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The results show that the most important variablethé determination of CQOeturns
were the Brent and natural gas returns. We algb diidence that extremely hot and
cold days in Germany had a positive influence aty @20, prices during the first year

of compliance. In contrast, we also afford somepssing results such as the fact that
neither the price of the most intensive emissiomra® (coal) nor the switching effect
between gas and coal returns, affect, @urns. Nevertheless, all the variables that are
statistically significant in our study, influendeetcarbon returns in the sense we would
expect and therefore, we find some evidence obmatity in this market, meaning the
daily forward prices do reflect underlying conditgoat the micro-level and, therefore,
carbon markets during 2005 were not as irratiosat@me participants and observers

have suggested.

Chapter 3 is entitledThe Impact of National Allocation Plans on £Pxices”. In this
article we analyze COmarket efficiency. Specifically we study the etfeof official
information, coming from the European Commission,tbe allowance returns and
volatility. The European Commission announcementsnareerous and sporadic and
affect a sole price series. These are the reasbgsme have adapted the Event Study
methodology to our particular case and we have queg a redefinition of the Mean

Return Model methodology that we have named the ceted Mean model.

Related to the effects of National Allocation Plamsouncements on carbon returns,
we find that both Phase | and Phase Il announcentente an influence on carbon
returns on the day of the announcement and in adases on the following days.
Surprisingly, we have also detected significantines on days previous to the official
announcement. Related to the variations in thetiibfeof carbon returns, we have not

observed differences before and after the annoueenBoth the presence of
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significant abnormal returns up to three days pieoa National Allocation Plan related
event and the absence of volatility effects whem dffficial information is revealed,

suggest that there has been a leakage of informbétore the announcement.

These findings support the request made by the Eanopederation of Energy Traders
(EFET, 2006) to the European Commission as a consegugnthe release of real

emissions data for 2005. Specifically the EuropeagieFation of Energy Traders asked
for carbon price sensitive information that weeurate, final and published in such a

way as to be available to all market participantstee same time

Chapter 4 is entitled CO, Prices and Portfolio ManagementThe topic that is
analysed in this final chapter is the introductioh the two new sorts of assets
(European Union Allowances for both Phase | ands@H& of the European Union
Emission Trading Scheme) in a well diversified pditfoln this last part of the
dissertation we start by analysing the charactesistf the European Union Allowances
for Phase | and Phase Il as a sole investment. &/e found that both assets present
low returns and high standard deviations and thresgmt a low Sharpe Ratio
(especially the Phase | European Union Allowandéshsequently those assets are not
convenient as investing assets. However, if we idenshe very low return of Phase |

European Union Allowances, we would find an oppattum selling this asset.

In order to analyse the impact of including thessets in a diversified portfolio, we

have taken into account six different portfolio quositions and we have obtained the
efficient curves for each of those portfolios. Wavé performed this analysis using
historical returns and risk-adjusted returns andfiweé quite similar results. We have

found that including C® Phase | and Phase Il can improve the opporturatyo$

investment for an investor that initially investedtraditional assets (stocks and fixed
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income). However, the opportunities that the,@Dase | provided in this sense, were
much more important than those that an investme@Q, Phase Il offered during the
sample period. If we consider an investor thataalyehad energy variables in his
portfolio, only the investment in GCPhase | could increase the investor opportunity
set. In contrast, independently of the method usedbtain the expected returns, we
find that a portfolio that includes energy variabéways allows for better combinations

of returns and standard deviation than those tlthide CQ Phase Il.

Finally, we have analysed how to incorporate theopean Union Allowances in an
optimal portfolio considering an objective returh38o, 5%, or 10%. We find that the
weights are not too important and that in mosthef ¢ases it is indispensable to allow
for short sales in order to incorporate the Europdaion Allowances in an optimal and
well diversified portfolio, especially in the casEPhase | European Union Allowances

whose price was essentially zero during 2007.

As a global conclusion of this dissertation, we lddike to underline that the European
Union Emission Trading Scheme has succeeded in imgoai price on carbon
emissions which was, following Lowrey (2006), pgrbaone of its most important
objectives. Additionally, following Stern (2006),ne of the principal elements in
efficiently facing climate change is the existenok a price for greenhouse gas
emissions, and thus the importance of the EuropesonlEmission Trading Scheme in
establishing such a price. It is true that the goficr Phase | of the European Union
Emission Trading Scheme was so low that it did notoarage real emissions
reductions but, as the European Commission poiotedPhase | served to create the
necessary experience for all market participansutweed better in the next phase, and

thus Phase | should be considered as a trainingepha
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Note that in this dissertation we have analysed dérminants of prices from the
demand point of view. The reason for such a chaicthat the offer of allowances is
established politically. This leads to the incregsimportance of public policies

concerning climate change that become principakdsi of carbon prices.

Due to the small availability of data when we sdrwith this dissertation (one year of
data for the second chapter, two years of datdherthird chapter, and three years of
data for the last chapter) we have used throughioaitdissertation non-parametric
techniques in order to avoid suppositions on tlagissical distribution of the returns.
We also had to adapt, as in chapter 3, the metbggdb our particular case, and in
chapter 4 we were obliged to analyse the issueoaffgio management including
European Union Allowances with a short term investimborizon. The natural
expansion of this dissertation would be to consldager sample periods and enlarge
the amount of historical data. This will only be pibée by waiting for the development
of the European Union Emission Trading Scheme andCi@e markets. It will be
necessary to constantly update chapter 1 and edlgetm follow the preparation of
Phase Il of the European Union Emission Trading Seheand the post-Kyoto

international agreement.

With regard to chapter 2, by considering longercgrseries we would be able to
introduce other variables as determinants of @fices, both related to the economy
and the weather. In the first case, we may thinkntooduce variables such as the
evolution of the Gross Domestic Product (an inaaasproduction should provoke an
increase in the demand of energy and thus an ipereaCQ prices). We could also
think of taking into account the abatement activitigich will be determinant for the

equilibrium prices in the Phase Il of the Europeamnod Emission Trading Scheme. In



Conclusions 169

the group of new weather variables, we might tlabkut elements such as the amount
of water in the reservoirs (a significant reductinrthe level in reservoirs may provoke
a reduction in hydroelectric production and coutdrélevant in determining GQrices

in the long run). Note that in both cases we dlieéng about variables that change over
long periods of time and thus can not be used &byaa the CQprices in the short run,

but are perfectly justified in an analysis of O@ices over the long term.

Concerning chapter 3, it would be interesting tosider if the existence of non-official
announcements such as those published by Poinb#uds an impact on G@rices.
We have not considered these types of announcenfentsne main reason: the
objective of the chapter was the analysis of thpaioh ofofficial information on CQ

prices.

Finally, regarding chapter 4, with longer priceisgwe would be able to change the
investor horizon and consider long run investangéiests. Questions such as if it would
be financially interesting for a long run investorinvest in such volatile assets could be
analysed, and we could determine the impact of gihgrthe time horizon in portfolio

management. Additionally, it would also be possiol@nalyse the hedging properties
of these new assets against inflation or other agmonomic variables that vary over
longer periods of time. Finally, we could introduc®, returns as an explicative factor

in valuation models for companies that have legdlinding reduction targets.
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