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1. INTRODUCTION

The European Union launched, in 2005, the Europaon Emission Trading Scheme
(EU ETS), in order to reduce its industrial Eurap&20, emissions. The EU ETS is
currently organized in three phases: Phase |,ca jpdriod that ran from January 2005 to
December 2007, Phase Il, coincides with the Kyototdeol commitment period,
comprises the years 2008 to 2012. Phase Il vatt st January 2013 and will last until
December 2020. For each phase of the scheme, Eurdpember States cap, via their
National Allocation Plans (NAP), CQemissions of the large G@mitting European
installations. Through the NAPSs, installations reeeEuropean Union Allowances
(EUA), either free of charge or through auctionitigt allow the emission of one tonne
of CO, in the atmosphere. In order to be “in compliancgdch installation has to
annually surrender the same amount of permitssaseél emissions, at a pre-defined
time. The EU ETS facilitates installations achieyimheir reduction targets by
organizing the trade of the EUAs in several spaijres and option markets. However
these are not the only possible participants irBUeETS: every natural or legal person
with an account on the trading platform is eligibbetrade EUAs. Thus, the interest of

studying the diversification benefits of includitigs new asset in diversified portfolios.

Since Markowitz (1952), many authors have studieditenefits of diversification in a
broad range of scenarios. Grubel (1968) and EurRasthick (1988), among others, try
to show if a portfolio is better diversified whenciuding foreign assets or not, also
known as international diversification. In otheses, the authors study diversification
opportunities when introducing new assets, in otherds, asset diversification. For
example, Ibbotsorand Siegel (1984), Kuhle (1987) and Chandrashek&i&99),
among others, compare the Real Estate InvestmamtsTiwith other investment
opportunities in order to study the potential oedd assets to improve portfolio
diversification. Also, Jensen et al. (2002), Goréondl Rouwenhorst (2006), and Erb and
Harvey (2006) analysed the impact of introducingnowdities indices such as the
Goldman Sachs Commodity Index (GSCI) in managepertfolio.

This paper will focus on the diversification effeaf introducing Phase Il EUAs in
various diversified portfolios. The study of thdeets of including Phase Il EUAs in a
diversified portfolio is pertinent and timely besau (i) Phase | of the EU ETS, which
was considered an isolated pilot phase, is not wéhmnterest for market participants

and (ii) the interest of investors in carbon maskstconstantly increasinfGarrouste et



al. (2010)). Hence, the aim of this article is taldf Our first goal is to provide a
description of the EU ETS for potential participaather than those already covered
under the European directive and more specificldly capital managers that could
exploit the opportunities of this new tradable agsaliversification terms. Hereby, we
will also analyse under which conditions the exisgeof this new asset (the EUA) will
enlarge the investment opportunities for a Europea@stor in Phase Il of the EU ETS.
To the best of our knowledge, the literature ontfpbo management using carbon
markets is still very limited. This paper is thentiouity of the analysis performed in
Mansanet-Bataller and Pardo (2008a) with a mosalsieél database and a longer sample
period. The results obtained will be of interest footh academic and market

participants.

The remainder of the paper is organized as folldwshe next section the EUA's main
characteristics as a new tradable asset are peglsdntsection 3, the data used in the
study are described as well as the analytical fremnle Section 4 analyses the effects
of the inclusion of Phase Il EUAs in several diviegd portfolios, in terms of return-
standard deviation trade-off. Finally, section tnguarizes the most important results of

the paper and adds some concluding remarks.
2.CO,: ANEW TRADABLE ASSET

By ratifying the Kyoto Protocol, industrialized aoues committed to reduce their
greenhouse gases emissions (GHG) by at least 5% 890 emissions levels for the
commitment period from 2008-2012. In order to figaié the fulfilment of the emission
reduction targets, the Kyoto Protocol establisheed flexibility mechanisms one of
them being emission trading. This flexibility mealsan offers the possibility to reduce
the cost of emission reductions by allowing thosentries with lower abatement costs
to sell their surplus allowances to the rest of ¢bantries as long as they fulfill their
reduction objectives. Thus, the different units tten be used for compliance under the
Kyoto Protocol, Certified Emission Reductions (CEMmission Reduction Units
(ERU), and Assigned Amount Units (AAU), can be &ddeither Over-the-Counter
(OTC) or in organized markets around the worlHowever, the most important

organized carbon market either in terms of indialtes covered (around 11,000) and in

! Note that all of those units allow for the emissiaf one ton of CQin the atmosphere. For a detailed
description see Mansanet-Bataller and Pardo (2088t Ellerman et al. (2010).



terms of real emissions considered (2082.7 Miltamms for the period 2008-2012) is the
EU ETS.

Concretely, the European Union launched the EU EI'$anuary 2005 to reduce its
greenhouse gases emissions at the lowest cosEUHETS consists of a cap and trade
system where the emissions of the installationseurtie scheme are capped and
exchange of allowances is permitted in order toieseh compliance. Even if the
installations under the EU ETS have a global ca@®©f emissions for each phase and
receive EUAs throughout the NAPs, the EUAs arelalbg for the installations at the
beginning of each year and compliance is verified year after by the European
Commissiorf. In order to be in conformity, the installationsncalso use, up to a
predefined limit, the “Kyoto credits” (CERs and ERUN addition to the EUAs. Note
that throughout this scheme, the European MemlzgesStelegate to the installations of
the most greenhouse gases emissions intensivaseetd of the emissions reductions

effort.

The EU ETS is organized in consecutive phases:ePhatarted in January 2005 and
lasted until December 2007. Phase Il of the EU EDB8)cides with the Kyoto Protocol
commitment period, beginning in January 2008 arstig until December 2012.
Phase IIl of the EU ETS will start in January 2CG&8] will last until December 2020

whether or not an international agreement on glebatssions reductions exists.

As banking (the transfer of allowances from onesghi@ the next one) and borrowing
(the transfer of allowances from one phase to tlevipus one) was not allowed
between Phase | and Phase Il of the EU ETS, thesetfAhase | and the EUAs of
Phase Il were, in fact, two differentiated assett®se price evolution corresponded to
supply and demand factors within each phase. larEid-A (-B) the spot (futures) price

evolution of EUA for both Phases is presented.
[Please, insert Figure 1]

One can observe in Figure 1-B, that even if botlurks contracts started to trade at
similar prices at the beginning of Phase I, thescdirelate around April 2006. At this
moment, the market participants realized that toade | of the EU ETS the number of

2 At the end of April of the year after the real esions have taken place, each installation mustisdeer
the same amount of permits as its real and verémaisions of the year.



allowances distributed among the installations uride scheme was higher than the
forecasts of their real emissions. Thus, as bankihgllowances was not allowed
between phases, the value of Phase | EUAs dimidistygidly. At the end of Phase |
the price of a EUA was close to zero. By contrpstes for Phase Il of the EU ETS
followed a very different path. From April 2006 Ktay 2007 they also diminished but
found a floor at 12 Euros in February 2007 afterciiprices started to increase until
reaching 25 Euros in May 2007. Since then, PhaB&A prices stayed between 20 and
25 Euros and in April 2008 they continued to insesap to a range of 25 and 30 Euros
until the end of July 2008, reaching a peak of 2%E8iros July T 2008. Then EUA
prices started to decrease until they reached $§i&aros in February 2009. Since then
to the end of the sample period (Novemb812810) they have been moving in a range
of 12 and 17 Euros.

It is important to underline that as banking, bat horrowing, between Phase Il and
Phase Il of the EU ETS is allowed, Phase Il EUAR be used for compliance during
Phase I, but not the other way round. Thus, dréhis an excess of allowances for
Phase Il of the EU ETS, it is not expected thatseh&h EUA prices will go down to

zero as in Phase | because they can be bankedsaddluring Phase 11l of the EU ETS.

The EU ETS accelerated the trade of EUAs in orgghinarkets, even if since 2004 it
was possible to trade EUAs forward contracts okierdounter (OTC). As mentioned
before, it is possible to trade EUAs on exchangssguspot, futures and options

contracts which are available on different Europieading platforms.

Mansanet-Bataller and Pardo (2008b) analyse tHerdift organized markets where it
is possible to trade carbon permits (both EUAs @&éRs) and the type of contracts that
can be traded in each market (spot, futures anropgbntracts depending on which
market one is considering). Their study presenera¢ important conclusions that are
confirmed in the Figures below: (i) the most tradedbon asset among the different
assets available for Kyoto compliance in organipeatkets in terms of volume are
EUAs (Figure 2-A), (ii) the volumes in the futuregrket are much higher than in spot
markets (Figure 2-B), (iii) among the differentutgs contracts allowing EUAs trading,
the one that presents the highest volume is the Bélest December futures contract,
(Figure 2-B), (iv) the most important Futures marke terms of volumes is the
European Climate Exchange (ECX) (Figure 2-C), K most important spot market in



terms of volumes is BlueNext (Figure 2-C).
[Please, insert Figure 2]

Additionally, the authors point out that (v) sevezgisting European organized carbon
markets present highly correlated prices both ot gpd futures contracts (Figure 3-A),

and (vi) CER prices are very correlated to EUA gsi¢Figure 3-B)?
[Please, insert Figure 3]

The above mentioned characteristics of the Europadyon market allow one to justify
that the most suitable Phase Il carbon asset tmdieded in an already diversified
portfolio is the Phase Il EUA December front futui@ntract traded on ECX. This is
not only the most traded EUA contract but also lthregest available price series of
Phase Il EUAs.

It is interesting to note that ECX, which is based.ondon, trades electronically and
continuously, from 7:00 am to 5:00 pm UK Local Tingeinciding with spot trading on
Bluenext, several carbon contracts. Trading of EhlaEUA Futures contracts started in
April 22" 2005? Since then, quarterly contracts are listed fos fifiase with expiration
dates in March, June, September and December. itherlying asset of the futures
contracts are Phase Il EUAs of the EU ETS. Theingadinit is one lot of 1,000
Emission Allowances (one lot is also the minimuading size). The futures contracts
traded on ECX quote in Euros and Euro cents perierten. The tick size is €0.01 per
tonne (which is equivalent to €10.00 per lot). Thimimum price fluctuation is €0.01
and there is no maximum fluctuation limit. Additadly, it is also possible to make
block trades with a minimum size of 50 lots, buttimer the Exchange for Physical
(EFPs) nor the Exchange for Swaps (EFSs) are &lailBelivery is possible in all the
registries belonging to the clearinghouse pubst from which the clearinghouse will
accept and will deliver emission allowances. Thatiaxts are physically deliverable
during the delivery period by the transfer of enwissallowances from the seller's
account to the ICE Clear Europe account and fram@i Clear Europe account to the

® Please, see Mansanet-Bataller et al. (2011) éimeper analysis of the EUA-sCER spread.

* Note that this is earlier than the beginning & hase Il EUA spot trades. Spot trading started in
February 28 2008 due to the fact that Phase Il EUAs were phlysically available after the beginning
of that phase in January 2008.



buyer's account.Thus, ICE Clear Europe acts as a central countgrfmaall trades and
guarantees the financial performance of the ICERifest Europe contracts registered in

the name of its Members.

It is important to consider that EUAs have not belearly classified in the literature as
commodities or financial assets. They present sieakeires of financial assets such as
storability (as carbon markets are organized bywaats transactions EUAs do not
present storage problems). However, Benz and T{2@86) pointed out that while the
value of a stock is based on profit expectationgheffirm, this is not the case of the
EUA price. In the latter case, the prices are deftged directly by the expected market
scarcity provoked by factors such as energy prasesb climate variables, as noted by
Mansanet-Bataller et al. (2007) and Alberola e{2008). In this sense, the EUAs are
closer to the commodities behaviour. This is theaidefended by Borak et al. (2006)
that classed the EUAs as a new commodity that carepaunder the 2003/83/EC
Directive, need in order to carry out their activiBorak et al. (2006) pointed out that
EUAs can be considered dsperating materials that are directly linked to a
production system”With that said, there is an important differelhetween operating
materials and EUAs. On the 3®f April of the following year, installations nedd
surrender the same amount of allowances than teairemissions from the previous
year. Thus, the installations only need to havetheir electronic inventories the
allowances that correspond to their verified emissiof a specific year, on this precise
date (2003/87/EC Directive). Furthermore, Medinadii@z and Pardo (2010) analysed
the statistical properties of Phase Il EUA returfiBeir results show that returns on
Phase Il EUAs present the majority of the phenonarserved in commodity futures
(such as heavy tails, volatility clustering, asynmievolatility and the presence of a
high number of outliers) but also statistical pmtigs typical of financial assets
(negative asymmetry and absence of an inflatiorg@edrhus, concluding that returns
on Phase Il EUAs do not behave like other typicahmodity futures.

Finally, it is important to underline that companieovered by the 2003/87/EC

Directive (the large C@emitting installations) are not the only participathat are able

® The delivery period is the period beginning ai06pin on the contract date and ending at 7:00 pthen
second business day following the relevant contdate. There is provision for ‘Late’ and ‘Failed’
delivery within the contract rules.

® Please see http://www.ecx.eu/uploads/pdfleua%BEdadfutures%20contract%20specs.pdf for more
information on margin and payment (22 Septembefp01



to take part in the EU ETS. Every natural and lggaison is authorized to open an
account and participate in this emissions tradeigeme. Thus, it is important to study
the existence of new investment opportunities,amy for installations covered under
the EU ETS, but also for those participants thabhdbhave emission reduction targets.
However, the descriptive statistics of Phase Il BUMII be analysed before examining
the diversification opportunities that may ariseewhncluding CQassets in traditional

portfolios.

In Table 1, the mean, the variance, the standaratiten, the maximum, the minimum,
and the Sharpe ratio of weekly returns of ECX EUAcBmber front futures prices of
Phase Il from April 2% 2005 to November™82010 are presented in order to analyse

the performance of Phase Il EUAs.
[Please, insert Table 1].

One can observe that the weekly historical retofrBhase Il EUAs prices presented a
negative mean (an annual average loss of 2.14 ¥&)atvely high standard deviation
and thus a negative but near to zero Sharpe Tatigelation to the returns’ mean it is
important to take into account that the samplegokeconsidered runs from 2005 to 2010
and thus includes the financial crisis that staedust £'2007 with the first cut in
interest rates by the U.S. Federal Reserve. Astgmiout by Mansanet-Bataller et
al. (2011), Phase Il EUAs where used during thima period as a way of obtaining
liquidity. As the installations under the EU ETSlyoneed to surrender the EUAs on
April 30" the year after the emissions took place, selley EUAs was, during the
liquidity crisis, a cheap way of obtaining cash.o$é massive sales jointly with the
reduction of the European G@missions provoked by the economic crisis expilaén

Phase Il EUAs negative mean returns.

Additionally, the evolution of the volatility of ttee prices during the sample period
considered is shown in Figure 4. Each point dep&ctsioving annualized standard
deviation for the previous 20 prices (19 returns).

[Please, insert Figure 4].

" Note that other authors such as Choueifaty andyr@od (2008) also find, for their portfolio that
represents the market cap-weighted benchmark amcedpally weighted one, negative Sharpe ratios
during the period 2001-2008.



One can discern that the annualized volatility t@ssiderably decreased since the start
of the EU ETS. However, the previous results sugges investing (buying) in this
asset would be very risky, with negative expecteturn, and consequently not

recommended.
3. DATA AND ANALYTICAL FRAMEWORK

For the purpose of this paper, the most represeatsg¢ries of carbon prices are used to
analyse the benefits of investment opportunitigsafdcuropean investor that includes
carbon assets in diversified portfolios. Considgrihe above mentioned findings, the
Phase Il EUA front futures December contracts gricaded on the European Climate
Exchange (ECX) have been selected.

Moreover, we have considered the most represeatdtita referred to equities, fixed
income and commodities all of them obtained fronutRes Database. Specifically, we
have used the Dow Jones Euro Stoxx 50 index tesept the stocks, and the Iboxx
index as representative of corporate bonds. AséPhasf the EU ETS comprises five

years (from 2008 to 2012), we have considered itheeylear Federal German notes
(Bobls) as a representation of fixed income seegtitin relation to commodities,

following Jensen et al. (2002), we have taken iatwount the Goldman Sachs
Commodity Index (GSCI). This index is also publidhia sub-indexes. Therefore the
global GSCI and the Energy GSCI sub-index have bemmsidered in separate
portfolios. Note that comparable data that allowe ¢to create portfolios that may be

replicable have been used.

In order to take into account that the ®ices considered are not an index as they are
the rest of the variables, we have performed oaltyais also using the Société Géneral
CO; index, an index comprised of 50% EUA and 50% CERsch has been published
since March 1% 2008. Two main reasons justify the final use o&$thll EUA front
futures December contracts prices traded on thegean Climate Exchange. Firstly,
using this series for CQOncreases considerable the sample period to blgsatkhand

secondly, the results are very similar indepengteaftivhich series is used.

Finally, in order to perform the analysis and esgbcto obtain the Sharpe ratio for the

different assets, the EONIA has been considerddeassk-free interest rate of returns.



Our sample period starts with the beginning of BHREUA trading and thus runs from
April 22" 2005 to November32010.

Note that the series in levels that were not staryp have been converted into

stationary returns taking first logarithm differesc That is, the study has been carried
out by using continuous compounded returns cornsttuas .= In(P;; /P, 1) whereP;

is the level of the variableat timet. The mean-variance analysis will be performed
using weekly returns data. For this reason, oncéawe obtained the daily returns we

calculate the weekly returns for all assets astime of a 5-day return moving window.

Table 2 presents the descriptive statistics ofnallv data considered in the study.
Specifically, we have obtained the mean, the vagarthe standard deviation, the
maximum and the minimum returns, and the Sharge. rht all cases we have used

historical weekly returns.
[Please, insert Table 2]

As shown in Table 2, the historical returns of tregiables considered in the study
present mainly negative means, aside from the stagtkirns and corporate bonds. This,
as in the case of returns on Phase Il EUA, mayxpiamed by the financial crisis that
hit financial markets as of August 2007. The a#izat present the most negative returns
are commodities, especially energy commoditie84%). In regard to the individual
risk of each asset, the results confirm that tlsetaspresenting less risk (which have a
lower standard deviation) are the fixed income t@sfleoth sovereign and corporate
bonds) and the ones presenting higher levels &fare the commodities, especially
energy commodities. The Euro Stoxx 50 presentsuadard deviation of around 20%

during the sample period of study.

In addition, Figure 5-A presents the annualizednv&andard deviation trade-off of the

different assets considered in the study using lydektorical returns.
[Please, insert Figure 5]

Not surprising, the asset with higher annual retiand lower annual standard deviation

8 Due to space limitations the results are not presehere but they are available upon request.
° Note that with this methodology the results otedirare very similar to the average of those obthine
from weekly returns using as the starting day tlengs of the week.

10



is the Iboxx index. The Euro Stoxx 50 is the othgset presenting positive returns but,
as it has been observed, it presents a high s@udaaration. The commodity index and
Phase Il EUA returns present not only negativernstiout also high levels of standard

deviation.

However, as noted by Elton et al. (1987) and Blaa#t Litterman (1992), the historical
returns provide poor guides to future returns. Addally, Chopra and Ziemba (1993)
pointed out that using forecast that do not acelyatflect the relative expected returns
of different securities can substantially degrathe tmean-variance performance.
Nevertheless, those authors used different forgpsichemes, apart from historical
returns, and their results continued to hold ag lEsthe inputs had errors. Additionally,
they find that the errors in means, variances, @ariances depend on risk aversion
but in all cases the consequences in terms ofe@sivalent loss are higher for errors in

the mean forecast.

To further examine this problem, when performing tinean variance analysis, the
expected returns of the assets considered in thdy $r1ave been obtained, following
Karavas (2000), using a return forecast model #satimes all assets have the same
risk-adjusted return (Sharpe ratio). That is, weehaonducted a cross-sectional non
parametric regression of historical return on histd standard deviation for all the
assets included in the study. We have determireddmmon Sharpe ratio and we have
obtained the expected returns for each asset impdkie fixed Sharpe ratio for all
assets. Using this methodology, only the levelhe& teturn and not the time series
properties are adjusted, and thus, this approaebepres the variance of the asset as
well as the correlation with all other assEtés shown in the last row of Table 1 and
Table 2, the risk-adjusted expected return of alets considered in the study is

positive.

Figure 5-B presents the return-standard deviatiadetoff of the assets considered in
the study using risk-adjusted returns. The redtifer slightly from those obtained
using historical returns that were presented be#sepreviously observed, the standard

deviation is the same independently of the methlamjolused but in this case all the

% The choice of the non-parametric methodology ideorto obtain the common Sharpe ratio is
principally due to the few data available for tmess-sectional analysis. In this case, the estuinzaties
are the medians of the conditional distributiontted independent variable (the historical returnshef
assets) instead of the means.

11



expected returns are positive.

In the next section, the effects of including Phis&UAs in already diversified
portfolios will be analysed applying the mean-vace methodology of Markowitz
(1952) using both the expected historical and aidkssted returns.

4. EFFECTS OF INCLUDING PHASE Il EUAS IN ALREADY DIVERSIFIED
PORTFOLIOS

To analyse the impact of including Phase Il EUAsdinersified portfolios, the
hypothesis that the investor only has the posgihiti invest in traditional investment
assets (stocks and bonds), commodities (eithegltiteal GSCI or the energy specific
GSCI sub-index), and Phase Il EUAs has been uricgria

By analysing the effects of introducing Phase I1ASUNn portfolios presenting different
combinations of assets, and particularly by distislging the portfolios with and
without energy commodities, two different types inbestors that participate in the
EU ETS are taken into account. In the first grai, investors that do not have carbon
reduction obligations and thus their diversifiedrtfmio may or not include energy
variables. The second group of investors consistompanies with carbon reduction
targets that most likely already have energy véegmin their portfolios. Note that this
type of investors is not only interested in divBiisig the portfolio but they may also
hedge the risk of C&price variation. Specifically the six portfoliosgtribed in Table 4

have been considered.
[Please, insert Table 4]

That is, Portfolio | is made up of stocks and boreartfolio Il is formed by stocks,
bonds, and Phase Il EUAs, Portfolio 1l includesckts, bonds, and global commaodities,
Portfolio IV consists of stocks, bonds, global coadities, and Phase Il EUAS,
Portfolio V is made up of stocks, bonds, energy mmdities, and finally, Portfolio VI

is comprised of stocks, bonds, energy commodiéied,Phase 1l EUAS.

This distinction may also be useful in order toedetine if Phase 1l EUAS are or are not
a new asset class. As it has been pointed out, Mdedartinez and Pardo (2010)
conclude that there are substantial differenceth@e behaviour of EUAs and other

commodity prices. If those differences were not iimportant, one would expect that

12



the contribution of Phase Il EUAs to the diversifion of the portfolio including the
energy variables would be minimal, and thus, thosill be a new argument to include

EUASs in the commodities asset class.

4.1. Correlation Analysis

One of the main conditions for the asset that iagyto be introduced in a portfolio with
the objective to increase the opportunity inveset, is that it has to present low or
negative correlation with the assets already inpbefolio. In Table 3 the correlation
analysis using weekly returns for the period frompriA2005 to November 2010
between all assets taken into account in the stBtigse Il EUA, German Bolb notes,
Euro Stoxx 50, lboxx index, global GSCI index, aedergy GSCI sub-index) are

presented.
[Please, insert Table 3].

Table 3 shows that Phase Il EUAs present positind atatistically significant
correlation with the Euro Stoxx 50 (correlation ab8%), the global GSCI and the
energy GSCI sub-index (correlations about 22%). yTimresent negative and
statistically significant correlation with the lIboxndex (correlation about - 6%) and do
not present statistically significant correlatioithwthe German Bolb notes. Conversely,
Iboxx index is negatively correlated with the otlessets considered in the study
besides the German Bolb notes. Likewise the EuoxX30 is positively correlated
with the other assets in the study except the lbodex. Finally, the two indices of
commodities are extremely positively correlatechvaaich other (correlation of 98%).

Nevertheless, as pointed out by Statman and S¢B6i@B), correlation is a common

indicator of the benefits of diversification, butes not provide an intuitive measure of
the benefits of diversification. They propose te&urm gap, defined as the difference
between the returns of two assets, as a betteratmlj and provide the expression to
obtain the forecasted return gap as a functiorhefrhean of the annualised standard
deviation of the two assets and their correlatiime authors show that even in periods
of high correlation between the assets, the benefitiversification can be important as

long as the standard deviations are elevated. Asd’hh EUAS present a relatively high

13



standard deviation, thus it is interesting to cmmi the analysis of the benefits of
diversification of including this new asset in ady diversified portfolios.

4.2. Mean Variance Analysis

In order to analyse the benefits of including Phag&tJAs in diversified portfolios, the
optimal asset weights allowing for short salesthar six portfolios described in Table 4
have been obtained. That is, the efficient frostiefr the six different sets of assets are
obtained using Markowitz (1952) mean-variance meéstmgy* Specifically, in line
with the previous section, the variance of eachfplas has been minimized using two
different sets of expected returns: (i) historieglrns and (ii) risk-adjusted returns. As
a result, the fact that the method used to obtaneixpected returns is determinant on
the results of the minimization problem is taketoiaccount. In Figure 6-A (B) the
results for the optimal portfolios obtained usingtdrical (risk-adjusted) returns are

presented.
[Please, insert Figure 6].

In Figure 6-A, the efficient frontiers for the sdifferent combinations of assets are
obtained using historical returns. As one can okgsen this case, there is no difference
between the efficient frontier of Portfolio | andor®olio II, Portfolio Il and
Portfolio IV and Portfolio V and Portfolio VI. Thais, the opportunity set for a
European investor that invests in traditional ass@dtocks and bonds) is not
substantially different to the opportunity set tbe European investor that includes, a
part form traditional assets, also Phase Il EUAse $ame argument applies for the
investor that includes traditional assets and codities and the one that includes
traditional assets and energy commodities in tpentfolios. In all those cases the
incorporation of Phase Il EUAs does not increaseirtiestor opportunity set. Note that
the combination of assets that allow for a bettid-off between risk and returns is the
one that includes a part form traditional investtaganergy commodities. These results

are coherent with the previous results presentedigfnout the article. The correlations

1 The efficient frontiers are obtained using the éxsolver” function.
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of Phase Il EUAs with the other assets that aesadly in the portfolios are considerably
high. Additionally, Phase Il EUAs is the asset that only presents historical negative
returns but has the highest standard deviatioririgad the lowest asset Sharpe ratio in
absolute terms. However, even if Phase Il EUAs aacery high standard deviation
compared to energy variables or to the traditiomslestment it do not present
sufficiently high enough returns to be an attractimvestment to be included in the

portfolio.

In order to complete this analysis it would be riegting to know which of the assets are
sold in the optimal portfolio, which of them areughit and in which proportions. With

this purpose, the efficient weights of the assetsach portfolio have been obtained for
three levels of annual return: 3%, 5% and 10%. THathe weights of the asset that
minimize the variance of the portfolio for thesesific returns have been obtained. The
results, shown in Figure 7, illustrate that for theee levels of return the most weighted
asset for the six portfolio considered is corpotatads, followed by the German Bolb

notes and by the Euro Stoxx 50.
[Please, insert Figure 7]

This is coherent with the previous results and witte implications of the
Markowitz (1952) methodology that overweight theseds with higher returns and
lower standard deviation. As pointed out by Blackl ditterman (1992), when using
the mean-variance optimization models with no aanss in the optimal portfolio
against shorting, it is common to find large longd ashort positions in the optimal
portfolios. The weights of the Phase Il EUAs areyv@mall and this explains why the
investor opportunity set does not increase whawdiicing Phase Il EUA in diversified
portfolios. Note that in this figure we can als@ggziate which optimal portfolios offer
the smaller standard deviation for the same ref8#0, 5%, and 10%) and thus the
position of the efficient frontiers in the returtasdard deviation space. In this case one
appreciates that the efficient frontiers are netlrgy same, in coherence with Figure 6-
A.

The same analysis has also been performed usik@djasted returns as the expected
returns for the different assets. As shown in Feg6rB, The results are slightly
different. In this case, the inclusion of Phas&WUAs in different portfolios increases
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the investor opportunity set of Portfolio | and ®aio Ill. That is, if the European
investor only invests in traditional assets or itradal assets and commodities, lower
returns would be obtained for the same level dk tisan if Phase Il EUAs were
included in the portfolio. Nevertheless, the bd§itient frontier, the combination of
assets that allow for a higher return for the saevel of risk, are still in line with
Portfolio V, that is, investing in traditional asseand energy commodities without
including Phase Il EUAs is the best combinatiomssets. It is important to note that in
this case, the expected risk-adjusted returns lfoassets are positive while that the

variances and covariances remain unchanged.

Again, the weights of the efficient portfolios halseen obtained and are presented in
Figure 8. In this case, the returns are adjusteithpmse the same Sharpe ratio to all
assets. As shown in Table 1 and in Table 2, thegens are very similar among assets
and thus the criteria to include the asset in tr¢f@io with a positive or negative sign

in this case, is principally the standard deviatibiat the asset introduces to the

portfolio.
[Please, insert Figure 8]

As we can observe, the assets that present a tagasd deviation are introduced in
the portfolio with selling positions and those tpatsent a low standard deviation with
buying positions. Thus, only corporate bonds pgdi® as long positions in the
portfolio and the other assets as short positibhese results are coherent with the fact
that the mean-variance model tends to overweigllgumeigh) those securities that
performed well (poorly) in the reference periodtiafe. In this case the Phase Il EUAs
participate significantly in the portfolio and thushen the risk-adjusted returns are
considered as expected returns, the inclusion @s®Hl EUA in the portfolio is
pertinent as long as the portfolio manager taketi@at position. Thus, Allowing for

short selling is the only way of obtaining a papation of CQ in the portfolio.
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5. Summary and Concluding Remarks

Trading of EUAS is possible, both OTC and in selv&uaropean organized markets,
since the launch of the EU ETS. However, it is imigat to distinguish between Phase |
and Phase Il EUAs because, as banking between thmsphases was not allowed,
their price evolution corresponded to supply anchaed factors within each phase. As
the interest in the EU ETS is constantly increasing Phase | is already finished, this
paper focuses its attention on the effects of mhidg Phase Il EUAs in diversified
portfolios, in mean-standard deviation trade-offimt®. The analysis comprises the
period from April 239 2005 to November 2010 and uses the most representative
price series for Phase Il EUA, bonds (sovereign amdporate), stocks and

commodities.

From the analysis of the specificities of the EUSHhe most important conclusions are
that (i) the EU ETS is a recent and artificiallyeated market to facilitate the
commitments of the Kyoto Protocol, (ii) every nauor legal person with an account
on the trading platform is eligible to trade EUAsdathus the interest for capital
managers with knowledge of this new market is lafijg Phase Il EUA prices are not
expected to evolve toward prices near zero asenctise of Phase | EUAs because
banking is allowed between Phase Il and Phasd tHoEU ETS, (iv) the most suitable
carbon asset to be included in diversified port®iis the Phase 1| EUA December front
contract traded on ECX, and (v) Phase Il EUAs artectearly defined in the literature
as commodities or financial assets (while they gmesnost of the phenomena observed
in commodity futures they also present statistoraperties typical of financial assets).

Additionally, weekly historical returns of Phaseptices presented a negative mean and
a high standard deviation, suggesting that invgstirthis asset on its own would not be
recommended following the results of the sampleoperanalysed. However, it is
important to consider that this period was higlonditioned by the financial crisis and
then the economic crisis that hit Europe since 200¥e compare with the other assets
considered in the study, only the corporate bomdsthe Euro Stoxx 50 presented low

but positive returns.

In what concerns the effects of including PhaseEUAs in already diversified
portfolios, the Markowitz (1952) methodology haebeised considering both historical
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and risk-adjusted returns in order to take intooaat that historical returns provide
poor guides to future returns. Different portfolizave been built up with the objective
to consider the different participants in the EUSEThe results using historical returns
show that the weights of Phase Il EUAs are nedkgimd thus, the efficient frontier do
not differ whether we consider or not the inclusadnPhase Il EUA in the portfolios
considered. However, when using risk-adjusted mstutaking a short position in

Phase Il EUAs increases the investor opportunity se
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Table 1. Descriptive Statistics of Assets Performance.

This table presents the mean, the variance, tinelatad deviation, the minimum (Min), and the maxim(ivtex), and the Sharpe
ratio of Phase Il EUA December Front Futures catti@ded at ECX using weekly historical returrgs, the sample period from
April 22" 2005 to November32010. All results except the minimum and the maxim(that are in percentages) and Sharpe ratio
are annualized and presented in percentages. Stwia shows the risk-adjusted expected return.

Phase Il EUA
Mean - 214
Variance 1850.46
Standard Deviation 43.02
Min -49.85
Max 22.52
Sharpe ratio -0.0135
Risk - Adjusted Expected Return 1.49
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Table 2: Descriptive Statistics of Asset Performance.

In this table, the mean, the variance, the standawihtion, the minimum (Min) and the maximum (Maahd the Sharpe ratio of
the assets considered in the study are shown weily historical returns, for the sample periodnir April 22" 2005 to
November % 2010. All results except the minimum (Min) and thaximum (Max), presented in percentages, and liagp® ratio
are annualized and presented in percentage. Thevashows the risk-adjusted expected returns.

German Bobl lboxx  Euro Stoxx 50GSCI Global ~ GSCI Energy

Mean -0.22 3.04 1.83 -4.56 -8.84
Variance 28.05 10.73 412.46 624.20 966.21
Standard Deviation 5.30 3.28 20.31 24.98 31.08
Min -8.30 -3.41 -16.92 -15.61 -18.58
Max 4.29 1.76 12.25 15.14 20.83
Sharpe ratio -7.73 10.19 -0.03 -1.04 -1.12
Risk - Adjusted Expected Return 1.94 1.95 1.85 1.79 1.71
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Table 3: Correlation Analysisamong Assets.

This Table presents the correlation of the weektyms among all assets considered in the studyhéosample period from April
22" 2005 to November'82010. The critical value for the statistical sfgrince of the correlations coefficient is calcathias
2/n2, * indicates the coefficients are statisticallgrsficant at the 5% level.

Phase Il EUA  German Bobl Iboxx Euro Stoxx 5GSCI Global

German Bobl -0.02901 1.00000*

Iboxx -0.06432* 0.40525* 1.00000*

Euro Stoxx 50 0.08779* -0.25455* -0.11844* 1.00000

GSCI Global 0.23739* -0.16076* -0.14615* 0.39856* 1.00000*
GSCI Energy 0.22166* -0.15343* -0.15071* 0.36830* 0.98632*
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Table 4: Portfolio Components Description.

This Table presents the composition of the podfolionsidered in the study. Portfolio | is madeofigtocks, and sovereign and
corporate bonds, Portfolio Il is made up of stodmsereign and corporate bonds, and Phase |l EBéfolio Il is made up of
stocks, sovereign and corporate bonds, and comiesdRortfolio 1V is made up of stocks, sovereigd aorporate bonds, Phase I
EUAs, and commodities, Portfolio V is made up afcks, sovereign and corporate bonds, and energynodiities, and finally,
Portfolio VI is made up of stocks, sovereign antpooate bonds, energy commodities, and Phase [ISEUA

German Bobl Iboxx Euro Stoxx 50 Phase Il EUA G8&nibal GSCI Energy
Portfolio | v v v
Portfolio Il v v v 4
Portfolio 1l v v v v
Portfolio IV v v v 4 v
Portfolio V v v v v
Portfolio VI v v v 4 v
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Figure1: Phasel and Phasell EUA Price Evolution.

Figure 1-A shows the evolution of Phase | and PHaSEA spot prices of contracts traded at BlueNeét prices are presented in
Euros per tonne.

35

30

25
20
15
10 A

Euros

5,

0 T
Jun-05 Jan-06 Aug-06 Mar-07 Oct-07 May-08 Dec-08 Jul-09 Feb-10 Sep-10

T T T T

——EUA Phase | ——EUA Phase Il

Figure 1-B shows the evolution of Phase | and PHd&S&A futures prices of contracts traded at E@X.prices are presented in
Euros per tonne.
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Figure2: Phasell

EUA and CER Volume Analysis.

Figure 2-A shows the evolution of Phase I| EUA &R volumes traded in the EU ETS throughout orgahimarkets since its

beginning of the EU ETS to thé ®lovember 2010.
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Figure 3: Phasell EUA and CER Prices Evolution.

Figure 3-A shows the evolution of the most impartablA prices traded in organized markets. BlueNE¥A Phase |l spot are the
spot prices of the EUA traded at BlueNext, EEX @lext, ECX, and NordPool) EUA Dec 2010 Futurestheefutures prices of
the EUA contract with delivery in December 2010d&d at EEX (BlueNext, ECX, and NordPool), respetjivAll prices are
expressed in Euros per tonne.
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Figure 4: Volatility Evolution.

This figure shows the evolution of Phase Il EUAures volatility. A moving standard deviation of @88y sample is presented for
the period from 2% April 2005 to 3 November 2010. The results are very similar if semsider sample periods of 10 and 5
weeks.
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Figure5: Asset Return-Standard Deviation Trade-Off.

Figure 5-A shows the Return and Standard Devialimde-off of the assets considered in this studggukistorical returns.
Figure 5-B shows the Return and Standard Devidtrade-off of the assets considered in this studtygusgsk-adjusted returns.

Figure 5-A: Assets Return and Standard Deviatiad@&roff with Historical Returns.
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Figure 5-B: Assets Return and Standard Deviati@u@+off with Risk-Adjusted Returns.
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Figure 6: Efficient Frontier for the Different Portfolios Consider ed.

Figure 6-A (B) shows the efficient frontier for tiséx portfolios considered in the study using hist (risk-adjusted) returns.
Portfolio | is made up of stocks, and sovereign eagorate bonds, Portfolio Il is comprised of &gcsovereign and corporate
bonds, and Phase Il EUAs, Portfolio Ill consiststafcks, sovereign and corporate bonds, and contieydPortfolio IV is made

up of stocks, sovereign and corporate bonds, Pih&dgAs, and commodities, Portfolio V is formed by stocks, sovereign and

corporate bonds, and energy commodities, and yinBbrtfolio VI is comprised of stocks, sovereigmacorporate bonds, energy
commodities, and Phase Il EUAs.

Figure 6-A: Efficient Frontier for the six Portfob Considered. Historical Returns.
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Figure7: Assets Weightsin the Efficient Frontier Portfolios. Historical Returns.

This figure shows the optimal asset weights of ezsdet in each of the six portfolios analysed is $tudy. Portfolio | is made up
of stocks, and sovereign and corporate bonds, dfortfl is comprised of stocks, sovereign and coape bonds, and Phase I
EUAs, Portfolio 1l consists of stocks, sovereigndacorporate bonds, and commodities, Portfolio $Vmade up of stocks,
sovereign and corporate bonds, Phase Il EUAs, anthwdities, Portfolio V is formed by of stocks, eosign and corporate
bonds, and energy commodities, and finally, Padfoll is comprised of stocks, sovereign and corprhonds, energy
commodities, and Phase Il EUAs. All the Panels stimwesults using Historical Returns.
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Figure 8: Assets Weightsin the Efficient Frontier Portfolios. Risk-Adjusted
Returns.

This figure shows the optimal asset weights of esget in each of the six portfolios analysed is study. Portfolio | is made up
of stocks, and sovereign and corporate bonds, dfiortfl is comprised of stocks, sovereign and coape bonds, and Phase I
EUAs, Portfolio Il consists of stocks, sovereigndacorporate bonds, and commodities, Portfolio $vVmade up of stocks,
sovereign and corporate bonds, Phase Il EUAs, amthwdities, Portfolio V is formed by of stocks, eosign and corporate
bonds, and energy commodities, and finally, Padfoll is comprised of stocks, sovereign and corpgorbonds, energy
commodities, and Phase Il EUAs. All the Panels stimwesults using risk-adjusted returns.
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