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PORTFOLIOS

ABSTRACT

With an odd pricing in the market, the Future Carl@redit can act as mitigating risk wh
added to investment portfolios, ceasing tosimple positive soci@nvironmental asse¢ to

bring real benefits to the strategy of the Portf: It can be noticedhat, in fact, to introduc
Carbon Credit Futures can reduce the value atifighvestment portfolios however it shot
be a concern to balance what is the optimal amofirfutures contracts inserted in t
portfolio in order to not take positions ttwould make the portfolio less efficie It was used
a theoretical portfolio of USD 1000.00, so that theticipation of Carbon Credit Futur
positions varied between 100% short position ar@dng position in the portfolio and, f
each 1% change iparticipation of EUA futures, it was created a hyyical portfolio, with
its expected return, market risk and modified Seamtio This study found that there &
financial advantages by introducing Future Carbead@® in investment portfolios whert

analyzes risk versus return of portfolios compasiethese asse

Keywords: Carbon Credit, Market Risk, Viability, Investment portfolios.

1INTRODUCTION

With the growing concern about environmental issyssticularly those related
global warmingand the greenhouse effect, during the Third Unedions Conference c
Climate Change that occurred in 1997 in Kyoto, dapepresentatives from more than :
countries signed the Kyoto Protot

The main objective of the protocol was to reduae ghission of gases that contribt
to the greenhouse effect and to establish spegifids, which developed countr* promised
to reducé by 5.2% compared to 1990 levels, emissions of Greese Gases (GH(
emissions between the years 2008 and 2012. Athe developing countries, there was
mandatory reduction target established mainly ey dlgument that, historically, they we
not responsible for a significant portion of thesgaalready in the atmosph

The Government of the signatory countrihen set out specific targets for i
companies located in their countries in order tblifthe promised reduction in the Protoc
However, this commitment could stifle the econonfiyhse countries because they alre
had a productive structure ba on more significant environmental impact technadsganc
changing it would require time. To aim a substdrgr@wth of the economy and to redt
emissions of GHGs at the same time would be aallstumpossible task for any countt
Therefore, it was stablished the possibility that these reductionsb@a could be trade
between nations through the Flexibility Mechan

These emission reductions can be traded in therspdtet or futures market, throu
its derivative, the Carbon Credit Futures, rder to protect companies that intend use the
the future against the price variation of this adseen with different opinions in the literat.
about the characterization of this type of asseines authors, such as Giovanini (20!
understand theCarbon Credits as environmental commodities andjeed, thei
understanding and trading in the financial marketuos similarly to the other commoditi
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There are several types of Carbon Credit Certégatvailable in stock market and
used in diferent scenarios, depending on the need of the aoymfheat wants to use
Besides the regulated use (or compulsory) for comgsathat need to reach their reduct
targets of the Kyoto Protocol, there is also thuntary use where companies who weo
"reduce"” (or compensate for) their carbon emisswuahgntarily purchase these contra

This market is taking great proportions in receaang, reaching a turnover of U.S
176 billion in 2011, according to Kossoy and Guid@@812), and Brazil has important role
in providing one of these types of products, actiognfor about 8 % of total worl
production of Certified Emission Reduction (CERaH aegotiating such type of reducti
contract makes possible Brazilian projects thaticedGHG emissns.

Even with a large emitter of carbon credits marketthe country, trading in th
secondary market for such papers is practicallyinuBrazil, in other words, one perform
by players who have no intention or need to usecttr@ract in the futurend negotiate
mainly to profit by buying and reselling, winniniget variation of asset prices, hardly exist
Brazil.

This type of business is restricted to a spc platform for operations of B&F which
operates only in the spot market. Sospeculative market niche for this type of assetaias
largely intact in the countt

The Green Bag of Rio de Janeiro (BVRIo), which camte operation in 2012, a
trading futures contracts Carbon Credit, whichxpezted to increase the liquidity oER
contracts in the country and start taking advantddkis niche marke

The investor that includes Carbon Credits in pdidfonormally expects to use th
environmental characteristic as a mean of markgtiognote the portfolio. But there is
evidence to show how these contracts affect the ga#f and the impact within risk ai
return by including Futures Contracts of Carbonditren investment portfolio

This research seeks to demonstrate the impactafdé of futures Carbon Credit Fie
Contracts has on investment portfolios as the MaRisk and Expected Return, helpi
portfolio managers in the decision to take posgionthe asse

Therefore we define our main question: there amanftial benefits to include Futu
Carbon Creditén investment portfolios

2 THEORETICAL FRAMEWORK

Through theFlexibility Mechanism, the agreements thie Kyoto Protocol opene
space for undeveloped countries also join the sehewenthat they did not committe to
reduce their emissions of Greenhouse Gases (GHt was also possible thicompanies
from developed countridgbatreducesabove their emissions quotas, could sell the réohg
to companies that failed to achieve their g

The Flexibility Mechaism therefore has two major forms that relate te ghudy: the
Clean Development Mechanism (CDM), which includewvedoping countries in the tra
scheme, and Emissions Trac (ET), aimed reductions surpluses commerce bet
developed countries.
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The CDM allows certification of emission reduction peofs in developing countri
and the subsequent sale of certified emission texhs; to be used by develop
countries as a supplementary way for countries éetrtheir goals. This mechanis
should reslt in additional emission reductions to those twatild occur without th
project, ensuring real, measurable and -term climate change mitigation benefi
(Jura;, 2007, p.4)

As for the functioning of thET, when an industry in a country that hiommitted to
reduce their emissions reducbeyond its goals, it receives certificate authorizing tr
emission of polluting gases in the proportion adtteurplus. This industry can, in turn, ¢
that license to another industry that failed toie@eh its goa

The sale of these types license between different countri are given through
international agreements, where countries form Kdoaf Carbon Credits transaction. T
largest is the European Union Emissions Tradinge®ygEU ETS), which are included .
countries that transact through tEU ETS among themselvesich accept, in controlle
proportions, Papers from the CDM countries thahdbmake the bloc

2.1.1 TheMarket for Carbon Credits

To be issued with a Carbon Credit from a CDM prpjdee amounts of CO2 and ott
gases saved or sequestered from the sphere by the project are measured and conv
into carbon reduction called Certified Emission Reitbns (CER) contrac

Aiming reliability and, in turn, liquidity this pagy, it must be certified by a Designat
National Authority (DNA), which is inurn overseen by the international body CI
Development Mechanism Executive Board (CDM Exe&itBoard). In Brazil, the DNA i
the Interministerial Commission on Global Climatea@ge

The same happens in tIET: for the industry that reduces its emisss above the
minimum established, certified carbon credits ag@egated in the same proportion to
surplus. This type of certificate, when coming francountry within the EU ETS scheme
called Europe Union Allowance (EU/

Both certificates are ecvalent, each tonne of carbon or other gases causia
greenhouse effect, weighted by the importance eif tteductions, such as methane gas
each ton is equivalent to 23 CERs (Senate JouR®l/) or 23 EUAs. This is becau
methane is approximateR3 times more important in the formation of tmeenhous:

Although both certificates are equivalent in temwhseducing emissions, CERs are |
attractive assets in the market. This is becausentiustries that are part of the EU E
scheme can usat most 13.4% of CERs in mitigating their emissionscarbon credit
(Bataller et al, 2010). Being the remaining peragetonly eligible by contracts of EUA ty

What happens is that by not participating in theesacheme of emission credits,
EU ETS is unaware of the method of calculation andifezation of CERs issued. But th
measure can also be seen as a way of pressuringpt-signature countries, even those
developed, to accept the goals of the Kyoto Protd@arrently, countries lie China, Russia,
Brazil and India are major emitters of GHGs, bundt have reduction obligatiol
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Similarly, the EU ETS had established that CERsf@DM projects that started aft
December 2012 will not be accepted within the Eaampscheme. Thereas some hope on
the part ofthe undeveloped countr, which did not occur in that undeveloped Clim
Change Conference in Doha in November 2012 tha @auld be postponed. Thus, as
December 2012, only the roles of CERs generategrdgcts prior t be accepted by the E
ETS.

The origin of a project that results in tradablebom credits is extremely diverse &
can be derived from various sources. For examp®mall Hydropower Centre (PCH), whi
produces clean electricity, i.e. without emittiGHGs as other energy sources emit
therefore also generates about 25,600 CERs per(Artigiani, 2011), a hectare eucalypt
forest absorbs per year, equivalent to 12,000 QHE&%al do Meio Ambiente), a landfill th
captures methane and turn ito electricity may be entitled to many tons of ctedier year
for example.

According to the type of project that originatesrbca credits, CERs are issu
continuously for up to 30 years, as is the casaffoirestation and reforestatioGiovanini,
2010).

Thus, one can consider certificates of reducingmgneuse gases, both the USA and
CERs are potentially a byproduct produced by a wéagge of markets, can be understoo
an environmental commoditGiovanini, 2010).

2.1.2 Carbon Credit and Financial Market

Industries who want to expand their production #imefefore pollute more or th
failed to achieve its goal of reducing its emissiom greenhouse gases can, through E
CDM, buy Carbon Credits in the amount necessaryit®rgoal isreached. That is, the
company can buy the right to pollute in quantipegportional to the pollution that wishes
emit.

It works as if there is a transfer of financialaoesces from companies that pollt- or
want to pollute -more than they shoulmr companies that have managed to reduce
greenhouse gas emissions beyond that establishte li§yoto Protoco

Because there are fluctuations in the price of tgge of contract, as with ar
commodity, the financial market has created CER Bddés Futures Contracts, which m
the need that industries have to protect that prioges when they want to use them in
future.

As mentioned previous| the reasons that CERs futuia® less attractivare both by
theold restrictions on their use in tcompulsory EU ETS schenaad also b the decision of
the European scheme no longer accept Cproducedfrom projectsstarted after 2012,
directly impacting on the price and liquidity a&iin this marke

2.1.3 Risk of Futures Contractsfor Carbon Creditsand Pricing

It is quite intuitive that the reasons that caukanges in market prices (returns)
financial assets (stocks, options, etc) and comiypddiures diverge from each other. Mat

4
www.congr essousp.fipecafi.org



Sdo Pavla, 21 a 23 de Julhe de 2014

Xl congressa

| | (:' I | Novas Perspectivas

imwiagar Clenmfica na Pesquisa Contabil

ey Confbilidide

(2000) found evidenasethat this difference may become the use of algui@ commodities
futures in portfolios advantageo

Similarly, this difference can also be applied twieonmental commodities, howevi
some differences in the pricing of regular futusésommoditiss and environmental shot
be understood.

The soealled climate risks are a major limiter on the duction of agricultura
commodities. Problems such as seasonality, pramudbsses due to climate probler
storage and distribution are the main souiof price volatility in this Market (Guimarae
2005).

The same reasoning can be applied to other typesrofmodities such as metals ¢
petroleum, which verified the existence of riskspiroduction and delivery of the physic
product, there will be flctuation in their market price due to this fac

This factor is further intensified by the fact the production of commodities &
increasingly concentrated in a few producers (To@ngmist, 1999), both because oligopo
bring distortions in thening of a producand because dhe increase «large risks being
absorbed byfew companies. It is easy to imagine the impact tharisis in Venezuela
production chia would bring the price of ¢, for example.

The large dispersion of the sourcesducing CERs and EUAmakes expected a
decrease in the limiting factor in supply cauby problems in its supply che as would
happen with common commodities and thus a supplyadbn credits homogeneous o\
time, without significant variations inrice resulting from seasonality.

The Economic Theory of General Equilibrium concephes two forces that a
responsible for the pricing of an asset: its su@lgl its demand. For carbon credit contre
however, the supply variable do not suffer froructuations from factors relating
production that are observed in other commodites,the concentration of production &
therefore its price in the spot market is givenquely in commodity market, which possit
makes this especially effective iritigating asset market risk for an investment o

2.1.4 Carbon Creditsin Brazil

Brazil has developed its energy production systeaimiy from renewable sources st
as hydroelectric and extensive use of biofuelsciwliputs the country in a favble situation
for the issuance of carbon crec

Large investments in the development of such teognes put the country in 2012
the world's tenth largest investor in < energy, investing around U$ 8 billion (Journal of
Science, 2012).

According to SantoJr. (2006), Brazil is seen internationally as the copntith the
greatest potential for the sale of carbon credit$ that indeed, onof thereasons is that the
country’s mainenergy sourcethe water, is clean and renewable.

So performance in production of Carbon ContractBriawil is of great importance
the market. According Adeodato (2010), in 2, Brazil ranked 3rd. position in producti
quantity of CERs, accounting for about 8% of tetakld production and, with tl opening of
the Rio Verde Stock Exchange, which negotiate carbpedit contracts, we expect

5
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significant increase in trading volume of these grapand visibility of the country in th
market.

2.1.5 Prospectsfor the Market Carbon Credits

Originally, the Kyoto Protocol mentions that carbeeductions would be mandatc
only until December 2012 for signatory countriehisTmeant that, after that date, the ma
for carbon credits could be reduced onl the voluntary market.

Fortunately, in December 2011 at the Durban Confa¥e the signatory countri
renewed the agreement until December 2017 withatapens for another renewal for 20

However, in late 2011 the EU ETS decided to noept€ERs isued by the CDM
projects started after 2012. On its website, theofgan Commission macclear that "...
projects registered before 2013 will be sufficiemtmeet the demand for CERs in accorde
with current limits on imports”. This will certaplimply a drastic price reduction of this ty
of role in the financial marke

At the last Conference in Durban, key countriethefuture of the carbon market st
as Brazil, Russia, India and China were placed emald of future generations to acc
binding targets for reductions in greenhouse gas neimtis

The expectation, even seemingly utopian, that ayeadl countries to commit bindir
emissions reductions will bring a strong warmingtle carbon credit market, benefiti
countries with greatgiential issuance of such contracts, as is B

Brazil should also reevaluate its position for r@ving accepted yet mandatc
reductions, since it holds such a potential on ptiod that could be better exploited in ¢
inclusion of the country inome of the reduction schemes (such as the EU

2.2 Risk and Return of Portfolios
2.2.1 Portfolio Theory

According to Markowitz (1952), an investor alwaygpects him to maximize retur
on the amount invested, ie, seeks to increasexpiscéedreturn, without adding greater ris
than willing to be taken by the inves:

Also according to Markowitz (1952in order to increasexpectedreturns without
increasing risksdiversificationis necessary, building portfolio of different assets who
prices do not vary together in the same directimh @roportior

Tosta de S& (1999) notices that the coefficientadamnce, which measures the jc
variation between asset returns, when minimizessh adinimizes te integrated portfolio ris

The lower the covariance between the returns ofwloesecurities, the lower the ri
of the portfolio, and more, when the covariancedgative, the risk of the portfol
will be less than the weighted average risk ofindividual securities that compri:
it. This is the great secret of efficient diversifiion proposed by Markowitz. (S.
1999, p. 7C
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Correlation coefficient, similarly, shows how thevot assets returns behave
comparatively over time. The lower the correlatoimtween them the less equally their returns
behave. In the limit, a correlation of minus oriegstablished a shock of +10% in value of an
asset, at the same time there will be a clash @¥-in value of the second asset. Thus, the
more different assets in the portfolio are, thedotie correlation coefficient.

In his work, Mattos (2000) realized that thereftem a low level of correlation between
commodity futures and stocks and when commodityrés contracts are added in ideal
proportion, et resulted in the modification of thek-return of the portfolios, making them
more attractive financially.

Obermayer (2009) showed in his work that the cati@h between changes in the
prices of carbon credit futures contracts and offmancial assets are virtually negligible.
This is probably due to the fact that the diffeiaed pricing of these futures contracts, as
mentioned earlier.

As for the expected return, it is known that theses a depreciation in the market
value of such contract, mainly motivated by theergaglobal economic crisis. However, as
this devaluation can be seen in a generalized wale market, and it should be analyzed
what is the impact that the insertion of Futuresi@ats Carbon Credits will bring the
portfolio.

What will be studied is the ideal proportion of etss(Carbon Credits futures versus
Stocks) in which there is a reduction in markek mathout deterioration of Expected Return
Portfolio.

3METHODOLOGY
3.1 Considered Assets

The BM&FBOVESPA index (IBOVESPA) represents approximately 85%hef total
volume of transactions in the country and is anicatdr widely used as a benchmark
(benchmark) of several indexed portfolios.

Although there are possibly more efficient poribslithan the theoretical portfolio
measured by the IBOVESPA, Nakamura (2000) showaetl ithis reasonable to use as a
benchmark BM&FBOVESPA in the stock market, espécibécause of the impossibility to
construct theoretical portfolios of all possibldiaes and choose a due to the large number of
shares traded in the market. Thus, the IBOVESPRa&s$simed as an ideal portfolio of stocks.

Additionally, the American NASDAQ Index, the Bradaih Corporate Sustainability
Index (ISE) and the Commodities Thompson Reutdetferies CRB Index will be used in
order to analyze the behavior of adding differambants of carbon credits futures in other
types of portfolios.

The choice of assets to represent Carbon Creditirésitwas based on reasons
mentioned above and the most liquid and with grestteactiveness in stock market are USA
type and so that is why this contract is most @ahevor this study. It is worth noting also that
the prices of CERs and EUAs are highly correlasdyve 0.9 (Kossoy and Guigon, 2012), ie,
it can be assumed that the findings of EUAs mag ajsply to CERs.

USA futures are traded with maturities of everyethmonths, December, March, June
and September. Returns relating to the nearestritya{first maturity) contract will be
considered, as they have greater liquidity andteeeefore closer to an efficient market.
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3.2 Collected data

Closing prices of IBOVESPA, NASDAQ, ISE, Thomps&euters/Jefferies CRB
Commodities Index and first maturity contract of AJSutures were extracted from a
Bloomberg terminal and converted to US dollar cucke The period of collected data was
from January 2, 2012 to June 24, 2013.

3.3 Return Calculus

As a common practice in finance, it is assumed tta logarithmic returns follow a
normal distribution and can take values from 10 + «. The alternative, the linear return,
whose practice is not as widespread, has so irisigni difference as the results tend to zero
and, in the case studied, the daily returns, thigestends to zero.

Despite being a frequently discussed theme imaliiee, the assumption that asset
returns follow normal model is widely used bothtlre financial market and the scientific
literature. This is mainly because it is reasonaalfie to use this assumption and calculations
and results become more intuitive.

Thus, the returns to long positions of all assetsiered are calculated by:

R, =1In (%) (1)

Where, R, = Asset return atmoment.
P, = Asset closing price atmoment.
P;_; = Asset closing price at+7 moment.

Because futures contracts can also take shorigusitthe result of short positions will
be exactly the opposite result value of the longjtpm.

The return of the portfolio when combining one indend EUA Futures (EUATfut) is
given by:

R, =Rixwi+ R xw' 2)

WhereR, = Portfolio return at t moment.
R! = Index return at t moment.
w! = Index weight on the portfolio.

Rtf = Retorno do Contrato Futuro de primeiro vencimento no instante t.
w/ = peso do Contrato Futuro de Crédito de Carbono na carteira.
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As it can be assumed that future returns will f@llithe Historical Returns, Expected
Returns for Index Futures Contracts are given yaterage of the observed returns over the
analyzed period, so that:

R 3)
E(R) — z:1—1 t
Where, E(R) = Expected Return.

R; = Observed return at t moment.

n = number of days in the the period analyzed.
Analogously to (3):
E(R°) =ER' ) xw'! + E(R") x w/ (4)

Where, E(R¢) = Expected portfolio retutn
E(Ri ) = Expected index return.

w'! = index weight in the portfolio

E (Rf ) = Carbon Credit Futures Expected Return.

w/ = Carbon Credit Futures weight in the portfolio

3.4 Portfolio Risk

The Value at Risk (VaR) is one of the most widedgdi statistical tools on the market to
manage the market risk of positions taken by amstor. It is expressed by the financial value
that, given a level of confidence, is the maximuxpexted loss for the portfolio in the set
period of time. It is an intuitive value and canurelerstood by any portfolio manager.

For this study, a confidence level of 99% and oag ttme horizon, so has the VaR as
the maximum dollar loss, with 99% confidence tlnat portfolio can suffer in a day.

It is available in the literature mainly three misdfor calculating market risk: historic,
parametric and Monte Carlo simulation, each talkadgantages and disadvantages in their
use.

The parametric model assumes that all risk faatdnsrent in the portfolio follow a
parameterized distribution and requires the esitomabf a covariance matrix, which for
historical simulation is not necessary. On the otrend, the Monte Carlo model requires a
very large computational effort, making its caltigda very expensive.

It should also be taken into account the Histori8ahulation method is relatively
simple to obtain, is intuitive and robust. Besides;ause it is based on observed real prices, it
naturally incorporates nonlinearities of the resuftlso, this model is indicated in the analysis
of assets that has no studies on their probaliitlyibutions and have dubious liquidity.
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3.4.2 Historical Value at Risk

This model uses historical returns of the assethia@nportfolio, so that calculates the
result of the portfolio held daily in the same manm which it was presented in (3). Then,
assuming that the portfolio composition remainsstamt over time it was observed, it is build
a series of portfolio returns.

Then, it is assumed that each result of the hestbseries of the result set of the
portfolio corresponds to a scenario of change sk factors, ie, each historical portfolio
results correspond to a possible future outcome.

Thus, the result of historical VaR is given by gsihe formula:

VaR=E(R®) — Q(R®,99%) (5)

Where, vaR = Value at Risk
E(R®) = Portfolio Expected Return

Q(R¢,99%) = Return of the 99% quantile of the time series of portfolio returns.

3.5 Portfolio Risk-Return relation

The Sharpe ratio (S) used to analyze the reldtipnigetween risk and return of an
investment portfolio which aims to show the retueteived for each unit of risk of the
portfolio and is one of the most widespread tonl¢hie literature and in the financial market.
With it, you can compare different investment paitfs and decide which has a better
relationship between Risk and Return.

Some authors, however, noticed that the index deeel by Sharpe had a failure for
cases in which the expected portfolio return isatigg. A simple modification of the original
formula, developed by Israelsen (2005), solvesft#t. Then it will be used in this work to
the S modified formula:

E(Rc)—E(Rf)
E(RC)—E(Rf) (6)
lewers(ey)

modified S =

Risco " {

——

Where, E(R,) = Portfolio expected return.

E(Rf) = Risk free expected return.
Risk = Portfolio Risk (VaR)

A important variable to be set is the expected-fisk return. To portfolios consisted of
EUA futures and Indexes traded in Brazil (BM&FBOVES and ISE), th&(R,) will be the
value of the average CDI rate of the period anayzalculated on a daily basis multiplied by

10
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the hypothetical portfolio. The CDI rate was ob&ainn CETIP website. On the other hand, to
portfolios that would be traded abroad composednigxes traded abroad (NASDAQ and
Commodities), similarly, is used the Libor.

As explained earlier, to eliminate a possible loias to the liquidity of the asset returns,
EUA futures were divided into blocks framed by nidies so that the index returns in period
t will be calculated paired to the returns of tHéAEfutures contract first maturity in period t.
Over this period, there is a total of 6 futures tcacts analyzed, maturing in March/12,
June/12, September/12, December/12, March/13 amel 1181

It was used a theoretical portfolio of USD 1000a0@ the data were calculated in MS-
Excel, so that the participation of Carbon Creditufes positions varied between 100% short
position and 100% long position in the portfolicdafor each 1% change in participation of
EUA futures, it was created a hypothetical portdpivith its expected return, market risk and
modified Sharpe ratio.

Thus, for every analyzed period (or maturity ofufes contract) 2000 hypothetical
portfolios are simulated, each containing x% (Maleaof EUA Futures Contracts and (1 - X)
% of the considered index. Then a search was nadé portfolios that the percentage of
each asset provided the minimum risk, maximum nstuand optimal portfolio (maximum
modified S), limited to:

The sum of assets in the portfolio to 100%, thexdoes not take short positions, the
EUA future may hold long or short positions, buhited between the quantities of 100%
short to 100% long position of the portfolio.

It is also worth remembering that it is not conssdiethe leverage strategy for positions
in future carbon credit, ie, the positions longstort undertake the completeness of the
portfolio position. As an example, a short position 50% of future carbon credits
compromise 50% of the capital invested.

4 RESULTS

After creating hypothetical portfolios for each ipel; for every index analyzed, tables
were built explaining the portfolios that meet thain points (lower risk, higher return and
higher S) for every contract.

The tables in this section show in its first coturtihe lower risk portfolios in the
market and beside the reference values of obtaiskdSimilarly, shows the highest expected
returns and higher modified Sharpe Ratio.

4.1 BM&FBOVESPA Index (IBOVESPA)

For portfolios combined with the IBOVESPA and fitgdieUA , Table 1 shows that for
the first contract examined, with maturity on 268182, the lowest market risk in the amount
of $ 22.52 is reached with a short position 27.1@6uture EUA. Comparatively, the risk
obtained with a portfolio composed only of IBOVESBAJSD 34.26.

It can be observed that with the exception ofgbgod from 26/06 to 23/09/2012, in
the analyzed period, the inclusion of moderate tspositions (up 34%) of future EUA
reduces the market risk of portfolios when compangtth the risk of portfolios composed
only of IBOVESPA.

11
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For maximum return, Table 1 shows that, for exampiethe period from 27/03 to
25/06/2012, assuming 100% long position in fututéAEresulted in a return of $ 1,197,
compared to a return of -5.246 if this position i88% of IBOVESPA. It is observed that it
is impossible to get an accurate standard poswtibich will bring the best return, since in
some periods the best return on portfolios is olehionly with carbon credits and in some
periods only in portfolios with IBOVESPA.

Table 1: Portfoliosthat meet the main points analyzed composed by the IBOVESPA and future EUA. LP:
long position. SP: short position

IBOVESPA
Lower market  Portfolio risk Maximum Portfolio return ~ Maximum  Portfolio S
risk Ibovesparisk  expected return Ibovespa Return  modified S Ibovespa S
EUA futures  27,2%SP 22,52 0,0% - 14,8%SP 0072  02/01/2012 to
Ibovespa 72,8%LP 34,26 100,0%LP 2,498 85,2%LP 0,064 26/03/2012
EUA futures  34,4%SP 30,76 100,0%LP 1,20 100,0%LP 0,010  27/03/2012to
Ibovespa 65,6%LP 4371 0,0% -5,246 0,0% 242326 25/06/2012
EUA futures  30,3%LP 28,07 0,0% - 1,5%SP 0,067 26/06/2012 to
Ibovespa 69,7%LP 32,23 100,0%LP 2,433 98,5%LP 0,066 23/09/2012
EUA futures  13,6%SP 20,36 100,0%SP 1,65 100,0%SP 0,017  24/09/2012 to
Ibovespa 86,4%LP 24,09 0,0% -1,241 0,0% -36,814 17/12/2012
EUA futures  10,2%SP 19,99 100,0%SP 9,88 24,2%SP 0,057  17/12/2012to
Ibovespa 89,8%LP 21,31 0,0% 0,196 75,8%LP -1,456 18/03/2013
EUA futures  20,7%SP 37,83 100,0%LP 1,31 100% CP 0,005 18/03/2013 to
Ibovespa 79,34% CP 47,70 0,0% -4,631 0,0% -192,137  24/06/2013

Analyzing the modified Sharpe ratio, it is obsertbdt in the first analyzed period,
from 02/01 to 26/03/2012, the optimal portfolio (shonodified S) is comprised of 14.8%
short position in EUA future of first maturity bgmg the S from 0.064, with only a
IBOVESPA, to 0.072.

For the periods from 27/03 to 25/06/2012, 24/09 1i012/2012 and 18/03 to
24/06/2013, the observed optimal portfolios werengosed only by future EUA, which
should be related to the particularly poor perfanogof the Brazilian market in periods. As
for the other periods analyzed, it is seen thatllsimgertions of short positions in Carbon
Credits future create portfolios with better righkurn relationship.

4.2 1BOVESPA, NASDAQ, I SE and CRB REUTERS compar ed results.

Analyzing the variables searched in this work, hi@imum Risk, Maximum Return
and maximum S compared between the Indexes cited;an verify that the results remain
constant in different types of portfolios.
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40,0%LP L. -
Minimum Risk
20,0%LP

0,0%

20,0%SP

40,0%SP
—@— |lbov —@— Nasdaqg @ ISE #— Reuters

Figure 1: Positionsin Carbon Creditsthat provide portfolios with the lowest market risk for the
IBOVESPA, NASDAQ, I SE and CRB Reuters. LP: long position. SP: short position.

In a similar way to thiBOVESPA it was observed that the combination of EUA fal
in portfolios represented by IndexNASDAQ, ISE and CRB Reuters (Figure 1) also get:
the analyzed period, reduction in market risk. émeyal, the amount of Carbon Credit futL
which reduces the risk to a minimum varies maimgaading to the analyzed period, but ¢
according to the indeanalyzec

As for the Maximum Expected Returns (Figure 2)wedl as with thelBOVESPA,
were quite volatile for the different periods arzagl in combination with other Index
sometimes belonging to the portfolio with 100% leé tndex,and sometimeportfolios on
100% position of EUAuture, it is difficult to determine which positiomill perform bettei

It is worth noting that the positions provided thghest Expected Return had enol
consistency among different index types within epehiod. Th example we have for tf
first month, the best Expected return was achievieeh no addition of carbon credits and
due in the second maturity analysis, the bestmefurall portfolios is achieved when all t
investment is concentrated on EUA fles long position.

100,0%LP .
Maximum return

50,0%LP

0,0% &

50,0%SP

100,0%SP s &
—@— |lbov —@— Nasdaq ®— ISE »— Reuters

Figure 2: Positionson Carbon Creditsthat provide portfolioswith Highest Expected return for
IBOVESPA, NASDAQ, I SE and CRB Reuters. LP: long position. SP: short position.
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The amount of future EUA to be added to the padftd maximize its Sharpe rat
(Figure 3) was quite variable between periods, ngakt difficult to determine the be
position to be taken on paper. However, it is remtiagain that there was unifory in results
between the different types of portfolios, excdpt portfolio represented KIBOVESPA,
whose addition of small amounts of long positiondsJA futures maximized Sharpe ra

100,0%LP ‘af i rpe ndex-
50,0%LP

0,0%

50,0%SP

100,0%SP & .
—@— |lbov —@— Nasdaq ®— ISE »— Reuters

Figure 3: Positions on Carbon Creditsthat provide portfolioswith the Highest Shar pe Ratio for the
IBOVESPA, NASDAQ, I SE and CRB Reuters. LP: long position. SP: short position.

5 CONCLUSION

The addition of Carbon Credit Futures produced uphmut the eriod analyzed
portfolios with lower market risk when compared twiortfolios composed only by stocl
whether they areepresented bIBOVESPA ISE or NASDAQ, and also the compos
portfolio onlycommodities future, represented by Thompson Reutersfferies CRB.

The proportion of future carbon credits in the fid that minimizes the risk varie
considerably over time, but it is noticed that éheras a trend to small amounts added
short position, on average 12.3%, and that thetgesvary set for the different types «
portfolios, showing that the effect observed by thieoduction of carbon credits is mc
universally valid, because it includes both portieiformed by stocksIBOVESPA, ISE and
NASDAQ) as formed by commaodities (CR

Most of the analyzed period long series of negatterns for both indexes and for t
future contracts were observed, since the Econdmicement was of general crisis is
difficult to analyze the results in relation to Eqgped return, showing the ist favorable
portfolios are composenh some perioc by 100% of indexand another period:100% in
EUA futures.

By combining the analysis of Expected return andKétiRisk through the modifie
Sharpe ratio, it is seen that throughout the aealyzeriocwere found optimal portfolios th
contemplated carbon credits futures in its compns

It can be noticed that, in fact, to introduce Carl@redit Futures can reduce the ve
at risk of investment portfolios however it shoblel a concern to balanwhat is the optimal
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amount of futures contracts inserted in the padfol order to not take positions that would
make the portfolio less efficient.

Carbon Credit Futures demonstrated to have a geaer to reduce market risk, but
their use in investment portfolios does not hawgaificant market penetration. The reasons
that lead managers of investment portfolios toctegeich papers need to be further studied
and tested for consistency, mainly because thei@ gseat potential of this paper in the
secondary market, mainly in Brazil.
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