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1. Introduction

The European Union (EU) has created the lagedssions Trading Scheme (ETS) in the
world in order to reduce carbon dioxide (§@missions by combustion installations with a
rated thermal input capacity exceeding 20 megawattiseries, coke ovens, steel plants, and
installations producing cement clinker, lime, backlass, pulp and paper. These installations
are responsible for roughly 50% of Europe’s nissions and 40% of its total greenhouse
gas emissions. The EU ETS is being introduced rieettphases. The first phase which ran
from 2005 to December 2007 is considered as a piase; the second phase which ranges
from 2008 to 2012, coincides with the period whea EU must meet the 8% decrease in
emissions from 1990 levels under the Kyoto Protodslproposed recently by the European
Commission, the third phase will ran from 2013 62Q.

Since the approbation of the directive implementing EU ETS in 2003, some studies
have investigated its consequences and impactseorefinery sectdr Babusiaux (2003) and
Pierru (2007) develop methods to compute the margiontribution of each finished product
to the CQ emissions of the refinery. Reinaud (2005) suggeéststhe EU ETS could affect
the competitiveness of refining companies, esplgcialindirect effects are realised when
European carbon allowance (EUA) prices are padsedigh to power prices. Reinaud (2008)
and Lacombe (2008) conclude that the EU ETS haveery modest effect on the
competitiveness of the refinery sector. Howeves literature does not assess the impacts of
EU ETS on the profitability of the oil refinery cqanies. This is unfortunate given its
importance to the investor community. Indeed, miotglthe determinants of oil market
returns has attracted a growing interest in therdture over the last two decades. For
examples, Al-Mudhaf and Goodwin (1993) find thalt miice shocks affect positively the
returns from 29 US oil companies during the 1978 shiock period. Rajgopal and
Venkatachalam (1998) find a strong correlation leetvearnings-sensitivity to oil price risk
and equity return-sensitivity to oil price risk farsample of 25 petroleum refiner companies.
Sadorsky (2001) find that exchange rates, crudepides and interest rates each affect
significantly stock returns of Canadian oil and gasnpanies. Likewise, El-Sharif et al.
(2005) show a significant impact of crude oil prineequity values in the oil and gas returns
using data relating to the United Kingdom. Lanzale{2005) argue that there is a significant
relationship between the stock prices of six majbcompanies and the spread between spot
and future oil price, the relevant stock marketex@nd the exchange rate. Boyer and Filion
(2007) discover that the Canadian oil and gas caoimepastock returns are sensitive to the
Canadian stock market return, crude oil and natgaal prices, growth in internal cash flows
and proven reserves, interest rates, productionnveland exchange rates. Using a two-step
regression analysis under two different arbitrageingy models, Scholtens and Wang (2008)
find that NYSE listed oil and gas firms’ returnspasitively associated with the return of the
market, the increase of the spot crude oil prioé, @egatively with the firm’s book-to-market
ratio.

A major limitation of this literature explang the behavior of oil stock markets is that it
does not take into account the effects of enviramaleregulations. Further, the findings of
Oberdnorfer (2008) and Veith et al. (2009) indichi@ EUA prices affect significantly stock

! Towards the end of the first phase of the EU EX ®umber of studies have assessed the ex-postramono
impacts of the EU ETS. For examples, Hoffman (2006vgstigates the impact of the EU ETS on the teldgy
investment decisions that reduce £gnissions for the German electricity industry. fihels that the effect of
the EU ETS is much stronger in low carbon investisigvith limited risks than in large-scale investitsewith
long amortization times. Using an error correctaomd autoregressive distributed lag model, Zachnsh
Hirshhausen (2008) find that EUA prices are pagbedugh asymmetrically to electricity futures psci
Germany. Anger and Oberndorfer (2008) cannot dedest significant impact on firm performance and
employment of regulated German firms.



returns of electricity companies. In this paper, adglress this limitation by investigating
whether and to what extent EUA price affects stmatlkirns of European oil companies. In
addition, we examine the carbon price risk acrosgr fother sectors namely cement,
chemicals, steel and paper chosen on the badieinfdependence on oil prices, in order to
investigate if the EUA price affects other industrin the same ways or not. Our empirical
results reveal that the relationship between EUiBegrand equity values in the oil sector is
significantly positive. There is evidence that ElgAce shocks have asymmetric impacts on
the oil stock market. In contrast, there is no emike of a significant impact of EUA price
movements on steel, chemicals, cement and papek stturns. Our findings suggest that
investors should hedge EUA price risk for portfaheluding European oil stock.

The remainder of the paper is organized as folldBection 2 describes the empirical
methodology. Section 3 describes the data usdukistudy. Section 4 contains the empirical
results. Section 5 concludes.

2. Methodology

The model presented in this paper has atate the multifactor models developed by
Jorion (1990), Faff and Chan (1998), Faff and Bfard (1999), Sadorsky (2001), El-Sharif
et al. (2005) and Boyer and Filion (2007. The madsd as a benchmark for our econometric
estimation is a generalized least squared crogssattime series linear model incorporating
five common factors and takes the following form:

Rt = a+180il Roil,t +:BmRm,t +ﬁeRe,t +ﬁtthc,t +£t (1)

where a is the constant term, ang is the residual not explained by the four factdes.is
the excess equity return on each company’s stBgk.is the return on oil pricesk ; is the

market portfolio excess return; the market retwra iproxy for changes in the return on the
portfolio of all invested wealth that move risk pri@a and expected returns (Fama and French,
1989; Ferson and Harvey, 199R), is the exchange rate return, which is a proxy for

unexpected movements in exchange rates. As foundldmon (1990), the value of
multinational firms should react to fluctuations émchange ratesR, is the interest rate

factor, which is an indicator that gives an insigitb the health state of the economy and
therefore captures the default risk (Chen et 886).9

The main drawback of this specification is thatldies not take into account environmental
regulations. Indeed, the change in EUA prices tiemoves revenues, profits and
investments since oil companies covered by the EiD8itor the cost of their emissions in
their production processes. Thus, we propose imat an extended model that evaluates the
climate change impacts on the European oil stoadeprby taking into account EUA price
factor. Therefore, Model 1 becomes:

Rit =a+ ﬂco2 Rcoz,t + IBOiI Roil,t + IBm Rm,t + ﬂeRe,t + ﬂtc th,t + gt ) (2

where R, .is the return on the EUA and represents unantiegpahange in the EUA price.
All the remaining items have the same meaning asriteed under Eq. (1)

Some empirical studies demonstrate the asynumedsponse of aggregate economic
activity to oil price changes, suggesting thatprites increases slowdown economic activity
more faster than oil prices decreases boost itf@semg. Mork, 1989; Mory, 1993; Mork and



Oslen ,1994, Federer, 1996; Brown and Yucel, 26@&nilton, 2003; Lardic and Mignon,
2008). Using an unrestricted vector autoregressiodel, Sadorsky (1999) investigates the
interaction between oil prices, stock returns aconemic activity over the period January,
1947 —April, 1996. He finds that positive oil prickanges have a more important impact on
aggregate stock returns than are negative pricegesa Sadorsky (1999) concludes that the
relationship between oil price shocks and stockrnst is asymmetric. Guidi et al. (2006)
consider the international events impacts on tiee@nd availability of oil, with an explicit
focus on the efficiency of the US and UK oil stonkrkets response during conflict and non-
conflict times over the period 1986-2004. They disr that markets react efficiently to
OPEC during non conflict periods but they react motnediately in conflict periods,
suggesting that there are asymmetric reactionsPRE®policy decisions for the US and UK
stock markets. Sadorsky (2008) finds that changesl iprices have an asymmetric effect on
stock return of firms listed in the S&P 1500. Obwder (2008) shows that the impact of
EUA prices on stock returns of electricity corpayas is symmetric, while Zachmann and
Hirschhausen (2008) find evidence that rising riokemission allowances have a stronger
impact on wholesale electricity prices than fallprices for the German market. Oberdnorfer
(2008) explains his finding by suggesting that steck market agents ignore the asymmetric
pricing in the relationship between EUA and wholesalectricity prices. Therefore, it is
interesting to test whether the impact of EUA pret@anges is symmetric or asymmetric. To
this end, we develop the following model:

Rit = a+ﬂuD X Rcoz,t +ﬂd (1_ D)X Rcoz,t +/80i| Roil,t +18mRm,t +ﬂeRe,t +ﬂtthc,t T & (3)

whereD is a dummy variable taking a value of 1 if unaptited change in the EUA price is
positive (i.eR,,> Q and D = 0 otherwise; B,and f,are indicative coefficients

corresponding to up and down movements in the Edéedactor. All the remaining items
have the same meaning as described under Eq. 1E@n(2). The null hypothesis is the
absence of asymmetry and is reflected by the esptadn between the two coefficients:

Ho: By = By
The absence of asymmetry as well as the signifearidhe EUA price factor can also be
tested by assuming the sensitivity for both caséaimtly equal to zero:

He: B, =B, =0
In addition, we use interaction terms to test fourtry-specific effects for the relation
between EUA prices and companies’ stock prices.

3. Data

In this paper, we examine the relationshipween EUA price and European oil stock
returns using multifactor model incorporating thecess equity return on several oll
companies, the EUA price return, the oil pricaunet the market return, and exchange and
interest rates factors. The panel data used irstbidy consists of 13 European oil companies
namely British Petroleum (BP, UK), Compania Espandé Petroleo (CEPSA, ES), Ente
Nazionale Idrocarburi (ENI, IT), ERG SpA (IT), Heflic Petroleum (GR), Motor Oil
(HELLAS) (GR), Neste Oil (FI), Osterreichischen Mnaloleverwaltung (OMV, AT), Repsol
YPF (ES), Polski Koncern Naftowy Orlen (PKN Orld?D)), Royal Deutsh Schell A (NL),
StatoilHydro (NO) and Total (FR). The reasons we assample of companies instead of
aggregate index is two fold. First, an aggregatiexncould incorporate oil-related industries



non operating in refining and combustion and theeefaire not affected in the ETS. Second,
as suggested by Boyer and Filion (2007), compamiesided in an aggregate index are
restricted on the liquidity of their equities.

Given most of the companies are from cousthelonging to the European Monetary
Union, the excess equity return is measured asetiien on each company stéakinus the
yield on 3-month German Treasury Bills (the riskefrinterest rate) and we consider the
exchange rate of the dollar against the euro. Tierast rate variable is measured as the
premium between the annual yield on 10-years Gergm@rnment bonds and the annual
yield on 3-month German Treasury Bills and represéme risk free long term discount rate.
The choice of German government bonds is expldnygats perception by international rating
agencies as the main benchmark for euro-denomirtadads because of their high quality
(credibility), their liquidity, their size in the amket and their degree of standardization
(European central bank, 2007). Since most of thepamies are included in the Dow Jones
Stoxx 600 index, the market portfolio excess retartie return on the Dow Jones Euro Stoxx
600 index in excess of the 3-month Germany TreaBilly rate. The EUA price is the spot
European allowance settlement price and is souftwed Bluenext which is the Europe’s
leading spot exchange for European Union allowantles oil price used in this study is the
Europe Brent spot price which is the price of tigpmduced in the North Sea oil fields. The
data span from November 1, 2005 to December 317 264 the frequency of observations is
daily. The sample period was determined primarily dovering the first phase of the
Emissions Trading Scheme (ETS) and by the avaitabaf the data. Table 1 provides
measure and source of the variables used in thniky st

Table 1. Definition and source of the variables

Variable Measure (%) Source
R, Return of each company stock — 3-month German IT-Bhtastream/Reuters
rate (author calculation)
Roo, ¢ ((Price of the EUA in €)(Price of the EUAIn§)) —1  Bluenext
(author calculation)
Ry« ((Price of the Europe Brent in $US) (Price of the Energy Information
Europe Brent in $USg)) — 1 Administration
(author calculation)
R DJS 600 EUR return — 3-month German T-bill rate X$to

Limited/Reuters
(author calculation)

R, ((Exchange rate €/$US)(Exchange rate €/$US) —1 European Central
Bank
(author calculation)
Ret (10 years German government bond rate — 3-moRtuters

German T-bill ratg)/ (10 years German governmer{author calculation)
bond rate — 3-month German T-bill ratg)- 1

% The stock price of each company in the sample idaiaclosing price quoted in the stock markethef ¢country
of origin of each company. To ensure that all stpdke series are traded with the same currencyofiEthe
stock price series of companies from countries Ineionging to the European Monetary Union (British
Petroleum, StatoilHydro and PKN Orlen) are extrddtem Berlin Stock Exchange (Germany), exceptH&iN
Orlen which their shares are listed only in the ¥dar Stock Exchange and their prices are in dolfnsreby,
the PKN Orlen stock’s price series are convertegutm using the daily exchange rate provided byEine®pean
Central Bank.



As shown in figure.1 (Appendix A), the EUAat price crashed by 48% between April
26 and May 10, 2006. Several reasons are advaikeethe improvement of the air quality,
the weakness in economic activity or the more irtgmardiffusion of clean technologies but
the main reason is the announcement by some cesirtfitheir 2005 emissions data, before
the official deadline of May 15 fixed by the Eur@peCommission, indicating a generous
attribution of quotas in their national allocatigans. On May 15, 2006, the European
commission, indeed, confirmed that states coveyetid ETS had emitted 44 millions tons of
carbon less than proposed in their national allonaplan. Furthermore, Ellerman and
Buchner (2008) and Kettner et al. (2008) find erizkethat the market of EUA is long for the
first years of trading. Accordingly, for all specdtions (Eqgs. (2) and (3)), we include an
interaction term between the EUA factor variabld ardummy variable taking the value of 1
in the period ranges from April 26, 2006 to May P006 and zero otherwise as well as
another interaction term between the EUA factoiade and a dummy variable taking the
value of 1 until April 25, 2006 and zero otherwiseorder to take into account the EUA price
shock.

In addition, we have created interactiormterbetween the EUA price change and a
dummy variable taking the value of one for the d¢oumhat the company belonged to and
zero otherwise in order to investigate country-feeffects. These interaction terms are
created for companies belonged to France, ItalgeGr, Netherlands, Norway, UK, Austria,
Finland and Poland. Accordingly, oil companies fr@pain are used as a benchmark for
determining the EUA impact.

The descriptive statistics for the seriesgaven in table 2. The t-statistics indicate that al
series have significant means at the 1% confidéeeel. All the return series have non-
symmetric distribution as shown by their positikeweness statistiosith the exception of
market return and interest rate variables. Theséipe statistics indicate that the return series
have a thicker upper tail than lower tail. All sriexhibit an excessive Kurtosis suggesting
that the rejection of the null hypothesis of norityafor all return series. The Jarque-Bera
statistics confirm the non-normal distribution dfraturn series.

Table 2. Descriptive statistics for all return seres

R (%) Ro: () Ry (%) R, (%) R, (%) Re: (%)

Mean 3273 0.871%*  0.100%* -3.232%*  0.037**  -0.346*
Std dev 1.821 8.505 1.825 1.114 0.448 11.231
t-statistic  -154.018 -8.780 4.701 -248.636 7.043 639
Skewness 0.205%*  (0.929% 0.008  -0.386**  0.322%*  -22 BOO***
(0.000) (0.000) (0.789)  (0.000) (0.000) (0.000)
Kurtosis ~ 5.745%*  14.033**  3.216%*  3.416**  3.820%*  531.877**
(0.000) (0.000) (0.001)  (0.000) (0.000) (0.000)
Jarque- 2357.035%*% 38313.09%* 14.375%+ 235538+ 333.012%* 86228610%**
Bera (0.000) (0.000) (0.000)  (0.000) (0.000) (0.000)

Notes: the sample of daily returns is from 1 NovemB005 to 31 December 2005. The number of obsensts
7345. The t-statistics relate to a set of the hypsis that the mean daily return is equal zero. barmn into
parentheses are p-values. *** indicates signifieaat1% level.

As shown in table 3, oil firms’ stock returng) & returns, market returns and exchange rate
returns are positively correlated. However, interage returns are negatively correlated with
oil firms share returns. In general, the correlatialues between the series are not too high to
cause perfect multicollinearity.



Table 3. Correlation matrix

R, R, ¢ Rai R R.. Re:
R, 1
0.043%+ 1

R (0.002)
R, 0.190%+* -0.005 1

= (0.000) (0.643)
R 0.470%** 0.029%* 0.056%** 1

: (0.000) (0.012) (0.000)
R, 0.025* -0.082%* 0.122%%* 0.038%** 1

: (0.029) (0.000) (0.000) (0.001)
R -0.010 -0.022* 0.024* -0.052%* -0.026* 1

o (0.412) (0.059) (0.037) (0.000) (0.028)

Notes: Numbers into parentheses are p-values. &nti*** indicate significance at the 10%, 5% and Exel,
respectively.

4. Results
4.1 Results for oil companies

In order to well capture the evolution of tirk between EUA prices and equity prices,
we divided the sample period into 26 months. Tabf@esents the regression results for the
multifactor model presented in Eq. (2) for the whebmple period and for each sub-period.
As can be seen, the sign, strength and significah¢ke relationship between EUA returns
and stock returns vary over the sub-period (Panelmileed, the relationship is significantly
negative on two occasions, while it is significgnplositive on five occasions. This finding
lets us predict that, in general, the impact of Butes on the value of oil companies’ stocks
is positive. Indeed, the EUA price has a positivieat on oil firm stock price and is
statistically significant in the regression resuits the whole sample period (Panlel B),
suggesting that an increase (decrease) in EUA9sceeflected in positive (negative) returns
being earned by European oil companies equities. rEisult is comparable to those found by
Sijm et al. (2006) and Oberndorfer (2008) for aieity corporations and it is explained by
the free allocation of emissions allowances. Indeeder full grandfathering, the profitability
of companies covered by the ETS is positively afiédy EUA prices. We observe that the
strength of the relation is especially strong imeJl2006. This can be explained by the
significant increase of EUA prices in this montheduainly to the dissipation of uncertainties
about the shortage of allowances following theasdeof 2005 emissions data in April/May
2006 indicating a significant oversupply of EUAseWlso find that the EUA impact appears
to be highly significant stronger than later onidgrthe whole sample period. Moreover, the
EUA effect is statistically significant during tipee-market shock period but its magnitude is
stronger than the EUA effect during the periodratfte shock. We observe that the crude oil
return and the market return affect positivelyfoih returns. These results are comparable to
those found by Sadorsky (2001) and Boyer and F{{&)07) for Canadian oil companies and
to those found by El-Sharif et al. (2005) for Biritail firms. The estimated coefficient for the
market return is less than unity suggesting that dih companies are less risky than the
European market. The estimated coefficient for arge rate is mostly insignificant,
generally negative, across the 26 months and ®mthole sample period regression. The
estimated coefficient for the interest rate is fppesiand insignificant for the whole sample
period. However, it is significantly positive onuiocases across the 26 sub-period.



Table 4. Model results for oil companies

—=7

?grtl) od a Roo2 t Rai t Rm,t Re,t th,t Adj.R bW

2005-11 -0.559 0.034 0.363*** 0.690*** 0.118 -3.891 0.083 2.236
(0.314)  (0.582)  (0.000)  (0.008)  (0.678)  (0.387)

2005-12 -1.375** 0.091~ 0.232*** 0.510** -0.314 -9.069 0.082 2.374
(0.015)  (0.092)  (0.000)  (0.041)  (0.168)  (0.011)

2006-01 -1.278*** -0.046 0.138* 0.316** -0.130 -0.252 0.019 2.547
(0.001)  (0.247)  (0.023)  (0.047)  (0.397)  (0.932)

2006-02 -1.141* 0.091 0.256*** 0.660*** -0.322 0.277 0.103 2.152
(0.025)  (0.180)  (0.000)  (0.003)  (0.365)  (0.961)

2006-03 -0.963** -0.038 0.173*** 0.630*** 0.235 2.220 0.091 2.312
(0.015)  (0.748)  (0.001)  (0.000)  (0.222)  (0.621)

2006-04 -1.680***  (0.048*** 0.214** 0.232 -0.175 -2.461* 0.150 2.180
(0.000)  (0.000)  (0.024)  (0.171)  (0.363)  (0.098)

2006-05 -0.662** 0.001 0.247 0.795*** 0.063 -0.425 0.252 2.443
(0.045)  (0.918)  (0.001)  (0.000)  (0.846)  (0.882)

2006-06 -2.004***  (0.154*** 0.273* 0.269* 0.286 6.037 0.141 2.104
(0.000)  (0.000)  (0.006)  (0.077)  (0.183)  (0.220)

2006-07 -0.787*  -0.119**  0.309*** 0.681*** -0.266 1.407 0.116 2.217
(0.020)  (0.021)  (0.000)  (0.000)  (0.182)  (0.673)

2006-08 -2.284*** 0.053 0.158*** 0.330** 0.020 0.375 0.054 1.987
(0.000)  (0.172)  (0.000)  (0.018)  (0.917)  (0.889)

2006-09 -0.658 0.045 0.118** 0.820*** 0.062 1.651 0.117 1.967
(0.187)  (0.195)  (0.002)  (0.000)  (0.808)  (0.495)

2006-10 -0.908  0.098*** 0.191%** 0.661*** -0.117 -0.567 0.094 2.247
(0.229)  (0.008)  (0.000)  (0.007)  (0.721)  (0.691)

2006-11 -1.121** -0.019 0.213*** 0.699*** -0.209 -1.856** 0.167 2.189
(0.025)  (0.371)  (0.000)  (0.000)  (0.327)  (0.168)

2006-12 -1.869***  -0.057* 0.107 0.527*** -0.338 1.898** 0.137 2.376
(0.000)  (0.057)  (0.081)  (0.000)  (0.111)  (0.046)

2007-01 -1.367*** 0.011 0.080* 0.624*** 0.063 0.222 0.062 2.011
(0.007)  (0.289)  (0.068)  (0.000)  (0.764)  (0.666)

2007-02 -0.614 0.007 0.116** 0.833*** -0.189 1.387*** 0.279 2.612
(0.230)  (0.463)  (0.024)  (0.000)  (0.520)  (0.000)

2007-03 -1.278*** -0.008 0.199*** 0.642*** -0.204 0.001 0.172 2.422
(0.000)  (0.477)  (0.000)  (0.000)  (0.505)  (0.605)

2007-04 -1.277%** -0.001 0.197*** 0.691*** 0.243 -0.008 0.078 2.366
(0.009)  (0.932)  (0.003)  (0.000)  (0.455)  (0.175)

2007-05 -1.171* 0.016* 0.037 0.683*** -0.327 0.579* 0.068 2.030
(0.040)  (0.053)  (0.501)  (0.000)  (0.247)  (0.041)

2007-06 -0.976*** 0.003 0.115* 0.707*** -0.415* 0.926 0.235 2.280
(0.005)  (0.629)  (0.041)  (0.000)  (0.089)  (0.044)

2007-07 -1.501*** -0.001 0.049 0.681*** 0.489 0.449 0.204 2.197
(0.000)  (0.914)  (0.529)  (0.000)  (0.149)  (0.361)

2007-08 -0.944** 0.019 0.037 0.787*** -0.036 0.075** 0.249 2.551
(0.012)  (0.162)  (0.595)  (0.000)  (0.905)  (0.350)

2007-09 -1.494*** 0.002 0.004 0.601*** -0.069 0.071 0.221 2.186
(0.001)  (0.807)  (0.949)  (0.000)  (0.813)  (0.615)

2007-10 -2.286 -0.009 0.137*** 0.441*** 0.033 -0.181 0.049 2.308
(0.000)  (0.220)  (0.003)  (0.003)  (0.877)  (0.520)

2007-11 -2.297*** 0.001 0.082 0.472%** 0.508 0.158 0.059 2.284
(0.000)  (0.868)  (0.272)  (0.000)  (0.118)  (0.604)

2007-12 -1.631*** 0.004 0.092 0.513*** -0.108 -2.199** 0.078 2.231

(0.000)  (0.536)  (0.201)  (0.000)  (0.589)  (0.014)

Continued on the next page



Table 4 (continued)

Panel B-Whole period data

a Reo, Rie R R Ret A “

-0.848*  0.004*  0.163** 0.754*  -0.034 0.002  0.059"*  0.017*
(0.000)  (0.036)  (0.000)  (0.000)  (0.449)  (0.273)  (0.005)  (0.023)

Observations = 7345 Panels = 13 AdjER0.249 DW = 2.190 F-statistic = 1299.100 Prob (Fist&) = 0.000

Notes: This table reports the estimates for:

Rit =a+ :Bco2 Rcoz.t + :Boil Roil t + IBmRm.t + ﬁeRe.t + :Btc th.t + EI

Where R, is the excess equity returns of each stagkis the constanty  is the EUA return,g  is the
Brent oil return,r _is the market portfolio excess returR, , is the US$/EU€ exchange rate retuR, , is the

interest rate return and, is the residual. According to an F-test test, ftked effects model outperforms the

pooled OLS. All regressions were performed on thsidof White’'s (1980) correction for heteroskeitigt
Period Yyyy-m’ refers to monttm in yearyyyy. The DW statistics are compared to critical valsesrced from
Bhargava and Narendranathan (1982). For the pan#ieBregression includes the two interaction tenpns-

market shock 4 ) and market shockd).*, ** and*** indicate significance at the 10%, 5%nd 1% level,
respectively. P-values are into parentheses.

Results for Wald tests for the model 2 argoreed in Table 5. The null
HypothesisH ,: 3 =3, =0 is rejected, implying the significance of the EUAicg factor.
This result is consistent with that of model 1. #tsown in table 5, the null hypothesis
H,,: B, =B, 1s rejected. This finding shows that the impacEtfA price changes on the stock

returns of oil firms is asymmetric, suggesting thagative EUA price movements have a
greater impact on stock returns than positive EUepmovements. This result is entirely
opposite to the findings of Oberndorfer (2008)dtactricity companies.

Table 5. Asymmetric model results

Cp - — . Adj.R? DW F-statistic
ﬂu ﬂd HOZ'ﬂu _ﬂd =0 HOl'ﬂu_ﬂd J ISt
-0.008** 0.018*** 17.708 26.096 0.251 2.194 124.198
(0.026) (0.000) (0.000) (0.000) (0.000)

Notes: This table reports the estimates for:

Rit =a+ :BuD x Rcoz.t + ﬁd (1_ D) x Rcoz.t + ﬂoil Roil )t + ﬂmRm.t + ﬁeRe.t + ﬂtc th,t + Et

Where R, , is the excess equity returns of each stagks the constank _ lis the EUA returnD is a dummy
variable taking a value of 1 ik > 0, and O otherwisegr , is the Brent oil return,r_ is the market

portfolio excess returnR_, is the US$/EU€ exchange rate retum, ,is the interest rate return arg] is the

residual. According to an F-test test, the fixefe&b model outperforms the pooled OLBhe regression
includes the two interaction terms: pre-market &hared market shock. P-values are into parenthessasd ***
indicate significance at 5% and 1% level, respetyiv

As indicated by F-statistic (Table 6), thdl tnypothesis of the absence of country effects
is accepted significantly at 1%. In addition, Sganoil companies as the benchmark and all
country specific EUA interaction term coefficie® insignificantly different from zero. One
explanation for this finding may be the multina@bcharacteristic of these companies which
have installations in several countries of the [paem Union. Therefore, it is obvious that the
effect of EUA is not captured by countries. Howevitle sign of the effect differs from
country to country. It is positive for companiesrr Spain, France, Netherlands, Norway,
Austria and Poland and thereby this result is &test with estimation results of model 2 for



the whole sample period (Panel B). In contrast,BEb& effect is negative for Italy, Greece,
UK and Finland. This negative sign can be explaibgdthe short position of these four
countries. Indeed, they rank amongst the few castio have a National Allocation Plan
(NAP) that is below their baseline emissions.

Table 6. Country-Specific model results

R, Coefficients

a -0.848***
(0.000)

0.006

et (0.130)
. 0.163***
ot (0.000)
0.754***

o (0.000)
-0.034

Rt (0.634)

0.002

Res (0.273)
Pre-market shock 0.059***
(0.005)

Market shock 0.017**
(0.022)

France 0.004
(0.522)

Italy -0.001
(0.884)

Greece -0.006
(0.404)

Netherlands 0.005
(0.306)

Norway 0.001
(0.923)

UK -0.002
(0.761)

Austria 0.001
(0.862)

Finland -0.008
(0.453)

Poland 0.006
(0.576)

Observations = 7345  Panels =13  A%.R.248 DW =2.190 F-statistic = 8565 Prob (F-statistic) = 0.000

F-test on country-interaction specific terms = A.62Prob (F-test on country-interaction speciiais) = 0.760
Notes: This table reports the estimates &, = @ + B, Ry,  + B4 R o + BuRiy + BeRey + B Rer + &

Where Ri ) is the excess equity returns of each stagkis the constantg . is the EUA return,Roil . is the Brent oil return,Rm . is

the market portfolio excess retur®R is the US$/EUE exchange rate retutIR,tC ¢ is the interest rate return anﬂt is the residual.

According to an F-test test, the fixed effects maegperforms the pooled OLS. All regressions weeeformed on the basis of White's
(1980) correction for heteroskedasticity. The regi@n includes the two interaction terms (pre-maskeck and market shock) as well as
country interaction terms (France, Italy, Greecefhdérlands, Norway, UK, Austria, Finland and Po)arRtvalues are into parentheses.
**and *** indicate significance at 5% and 1% leveéspectively.
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4.2. Inter-sectoral comparison of results

We examine the carbon price risk across father industries namely steel, cement,
chemicals and paper chosen on the basis of tHentafion to the ETS and their consumption
of oil, in order to investigate if the EUA pricef@fts other industries in the same ways or not.
Faff and Brailsford (1999, 2000) and Nandha and @4f08) find significant oil and market
sensitivity for chemicals, construction and builglimaterials, steel and paper industries,
among others Accordingly, we use the same model in the anslgbihese industriésTable
7 reports the EUA price coefficient estimates usdagdy data for the four non-oil industries.
We observe significant differences between estonatiesults. Indeed, the EUA price
coefficient values for the steel companies rangenfr0.146 to 0.166 across the 26 months
and are significantly positive on five cases. Fa whole sample period regression, the effect
of the EUA price on industry steel equities is gmsficantly positive. The coefficient
estimates of EUA price for cement industry varywesn -0.041 and 0.208 across the 26 sub-
period, taking a significant positive values on teases. However, the EUA price coefficient
estimate appears negative and insignificant inessjon results for the whole sample period
implying that the EUA price effect on cement indysteturns is weak. The EUA price
coefficient for chemicals and paper companies lierwhole sample period is insignificantly
positive. This implies a feeble relationship betwdeUA prices and their equity values.
However, the EUA price effect for chemicals and grapompanies appears significantly
positive on 3 occasions across the 26 sub-perirodummary, the results indicate that the
EUA price effect is insignificantly positive forestl, cement, chemicals and paper companies’
equity values.

Table 7. Model results for non-oil companies

Panel A sub-period data

Sub-period Dependent variable
Reo, ¢ (steel) Ro, ¢ (cement) Ro, ¢ (chemicals) Reo, ¢ (paper)
2005-11 0.021 0.027 0.077 -0.161
(0.756) (0.746) (0.255) (0.430)
2005-12 0.166** 0.108 0.015 0.101
(0.017) (0.168) (0.773) (0.179)
2006-01 -0.146 0.087 -0.072 -0.135
(0.154) (0.103) (0.113) (0.107)
2006-02 0.016 0.208** -0.023 0.220**
(0.907) (0.031) (0.789) (0.028)
2006-03 -0.125 0.103 -0.072 -0.186
(0.477) (0.526) (0.534) (0.511)
2006-04 0.084*** 0.007 0.031 0.028
(0.006) (0.673) (0.116) (0.225)
2006-05 -0.035 0.013 0.016 -0.0005
(0.254) (0.609) (0.181) (0.984)
2006-06 0.062 0.146** 0.125%* 0.033
(0.438) (0.003) (0.001) (0.700)
2006-07 0.125 0.038 -0.008 -0.062
(0.254) (0.641) (0.910) (0.540)

Continued on the next page

% In the steel industry, oil is used as reductarthi blast furnace as well as in heating ovens.tf®rcement
industry, oil is used during the calcination of rawaterials in the kiln. Oil is an important fueledsin the
production of most bulk chemicals. Qil also plags much in the cost price of paper because trahspat
chemicals depend on oll.

* The descriptive statistics and the sample da&aofi industry analysis are available in Appendix B.
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Table 7 (continued)

Panel A sub-period data

Sub-period Dependent variable
Re, (steel) Re, (cement) Re, (chemicals) Reo, (paper)
2006-08 0.061 0.006 -0.058 -0.005
(0.316) (0.228) (0.243) (0.951)
2006-09 0.089 0.011 0.067* 0.101**
(0.107) (0.799) (0.083) (0.045)
2006-10 0.141** -0.028 -0.042 0.109**
(0.013) (0.382) (0.327) (0.015)
2006-11 -0.014 -0.041 -0.001 -0.075
(0.743) (0.179) (0.956) (0.105)
2006-12 0.038 0.074 -0.034 0.084
(0.889) (0.187) (0.365) (0.214)
2007-01 -0.036 -0.014 0.016 0.022
(0.386) (0.236) (0.126) (0.256)
2007-02 0.047** -0.032** -0.008 -0.016
(0.010) (0.013) (0.451) (0.352)
2007-03 0.004 -0.008 0.022 -0.042*
(0.885) (0.632) (0.116) (0.080)
2007-04 0.020 -0.014 -0.014 -0.001
(0.251) (0.337) (0.321) (0.962)
2007-05 0.027 0.006 -0.009 0.004
(0.125) (0.672) (0.377) (0.812)
2007-06 -0.006 -0.004 -0.004 -0.008
(0.559) (0.495) (0.497) (0.429)
2007-07 -0.011 -0.011* 0.010 -0.020
(0.660) (0.492) (0.474) (0.411)
2007-08 -0.021 -0.031 -0.003 0.084***
(0.411) (0.123) (0.824) (0.001)
2007-09 0.074*** 0.009 -0.001 0.041
(0.001) (0.624) (0.966) (0.102)
2007-10 0.013 -0.017 0.007 0.010
(0.484) (0.227) (0.539) (0.670)
2007-11 0.019 -0.011 0.003 -0.039**
(0.154) (0.286) (0.593) (0.010)
2007-12 0.040 -0.005 0.021** -0.029
(0.514) (0.545) (0.035) (0.145)

Panel B-whole period data

Dependent variable

R, , (steel) R,  (cement) R, (chemicals) R,  (paper)
0.011 -0.003 0.001 -0.002
(0.218) (0.445) (0.759) (0.689)

Notes: this table reports the EUA return coeffitiestimates in model 1 for steel, cement, chemiaats paper
companies. All regressions for each industry anslgse available in the Appendix C. *, ** and*** diicate
significance at the 10%, 5% and 1% level, respebtiv-values are into parentheses.

Considering the five industries as a whdle EUA price movements appear an
important factor in modelling oil companies’ equitglues. Given the importance part of oll
equities in international portfolios, our findingsiggest that traders and investors should
consider EUA price risk in their forecast of Eurapeil companies’ equity values.

5. Summary and Conclusion
There is a sizable literature investigating tdeterminants of oil stock market with an

explicit focus on the impact of changes in oil pac This literature however ignores the
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impact of environmental regulations. This papeerds the existing literature by examining
the impact of EUA price on the oil stock market.r@ualysis was undertaken using a sample
of 13 European oil companies over the period Noven#9)05-December 2007. Empirical
results reveal that European carbon allowance (Bwisk has a significant positive effect on
oil equity returns. Moreover, we find evidence ah asymmetry in the EUA price
sensitivities. In addition, we examine the EUA prigsk across four other sectors namely
cement, chemicals, steel and paper chosen on #ig &fatheir dependence on oil prices, in
order to investigate if the carbon price affectentimdustries in the same ways or not. We find
that the EUA price impact is insignificant for tleesidustries. Our findings suggest that
investors should hedge EUA price risk for portfaheluding European oil equities.
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Appendix B

Table B1. Descriptive statistics for steel companséanalysis

R (%) Rt () Ry (%) R, (%) R, (%) Re (%)

Mean -3.094%*  -0.871%* 0.100* -3.232"* 0.0368**  -0.346*
Std dev 3.170 8.506 1.8250 1.114 0.4483 11.232
t-statistc  -56.838 -5.965 3.193  -168.901 4.784 793.
Skewness 0.910%*  0.929%*  0.008 -0.386**  0.322%*  -22 600***
(0.000) (0.000)  (0.855)  (0.000) (0.000) (0.000)
Kurtosis ~ 36.286**  14.033**  3.216*  3.416%*  3.820%*  531.877**
(0.000) (0.000)  (0.017)  (0.000) (0.000) (0.000)
Jarque-  156965.6%** 17683.38** 6.634* 108.710*** 153.698** 39797820***
Bera (0.000) (0.000)  (0.036)  (0.000) (0.000) (0.000)

Notes: The panel data consists of 6 European stampanies: Acerinox (ES), Arcelor Mittal (LU), Oltampu

(FI), Rautaruukki K (FI), Salzgitter (DE), and Véalpine (AT). The sample of daily returns is fromNbvember
2005 to 31 December 2005. The number of obsenat®B390. The t-statistics relate to a set oty@othesis that
the mean daily return is equal zero. Numbers iat@ptheses are p-values. *, ** and*** indicate sfigance at the
10%, 5% and 1% level, respectively.

Table B2. Descriptive statistics for cement compaas’ analysis

R (%) Ryt (%) Ry (%) Ry (%) R, (%) Re: (%)

Mean 3213 0.871%*  0.100"* -3.232%%*  (.037** -0.346
Std dev 1.674 8.506 2.607 1.114 0.448 11.233
t-statistc  -91.235 -4.870 3.193  -137.897 3.906 464.
Skewness  0.209  0.929%*  0.007 -0.386%*  0.322%* 22 600***
(0.000) (0.000)  (0.882) (0.000)  (0.000) (0.000)
Kurtosis ~ 5.580%*  14.033** 3216 3.416%*  3.820%*  531.877%*
(0.000) (0.000)  (0.047)  (0.000)  (0.000) (0.000)
Jarque-  643.506%* 11788.92%*  4.423 T72.473** 102.465%* 26531880***
Bera (0.000) (0.000)  (0.109)  (0.000)  (0.000) (0.000)

Notes: The panel data consists of 4 European cemenipanies: Cimpor Cementos de Portugal (PT),
Heidelbergcement (DE), Laffarge (FR) and Titan Ceim@ompany (GR). The sample of daily returns igrfrb
November 2005 to 31 December 2005. The number sérohtions is 2260. The t-statistics relate totaofehe
hypothesis that the mean daily return is equal .zBmbers into parentheses are p-values. ** andttficate
significance at 5% and 1% level, respectively.
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Table B3. Descriptive statistics for chemicals congmies’ analysis

R (%) Rot (%) Ry, (%) R, (%) R, (%) Re: (%)

Mean -3.198%*  -0.871%*  0.100* -3.232%*  0.037**  -0.346**
Std dev 1.895 8.505 1.825 1.114 0.448 11.231
t-statistic  -120.338 -7.306 3.911 -206.871 5.860 198
Skewness 0.107*%  0.929% 0.008  -0.386**  0.322%*  -22.600***
(0.000) (0.000) (0.824)  (0.000) (0.000) (0.000)
Kurtosis ~ 7.691%*  14.033** 3.2162%* 3.416%*  3.820%*  531.877**
(0.000) (0.000) (0.004)  (0.000) (0.000) (0.000)
Jarque-  4672.669%* 26525.07%* 9.952%* 163.065%* 230.547** 59696730%**
Bera (0.000) (0.000) (0.007)  (0.000) (0.000) (0.000)

Notes: The panel data consists of 9 European cldsnicompanies: Aksonobel (NL), Basf (DE), Bayer |PE
Koninklijke DSM (NL), Lanxess (DE), Rhodia (FR), I8ay (BE), Umicore (BE) and Yara (NO). The stocknfiprice
of each company in the sample data is a closirgpmyuoted in the stock market of the country afiarbf the company
except for companies from countries not belongmthe European Monetary Union which their stockerre quoted
in the Berlin Stock Exchange (Germany). The samplgaily returns is from 1 November 2005 to 31 Dmber 2005.
The number of observations is 5085. The t-statigtitate to a set of the hypothesis that the medy ckturn is equal
zero. Numbers into parentheses are p-values. **&madicate significance at the 5% and 1% levealspectively.

Table B4. Descriptive statistics for paper compang analysis

R (%) Ro (%) Ry (%) R, (%) R.. (%) Re: (%)

Mean -1.983"*  -0.8714** 0.1001** -3.2322%*  0.0368*** -0.3459
Std dev 3.4565 8.5050 1.8250 1.1141 0.4483 11.2308
t-statistc ~ -30.497 -5.445 2.915 -154.181 43672  .63G7
Skewness 1.2608**  0.9291**  0.0076  -0.3863**  0.3225%* 22 .6001***
(0.000) (0.000) (0.868) (0.000) (0.000) (0.000)
Kurtosis ~ 10.6478%* 14.0335%* 3.2162%  3.4157**  3.81098%* 531 .8775%*
(0.000) (0.000) (0.028) (0.000) (0.000) (0.000)
Jarque-  7633.144%% 14736.15%* 55287%* 90.5015%* 128.0815*** 33164850%*
Bera (0.000) (0.000) (0.001) (0.000) (0.000) (0.000)

Notes: The panel data consists of 5 European papepanies: Holmen B (SE), M-real B (FI), Norske §kad (NO),
Stora Enzo (FI) and UPM Kimmene (FI). The stocknfiprice of each company in the sample data is sirgioprice
guoted in the stock market of the country of origfrthe company except for companies from countrsbelonging in
the European Monetary Union which their stock pace quoted in the Berlin Stock Exchange (Germahkg sample
of daily returns is from 1 November 2005 to 31 Daber 2005. The number of observations is 2825. tTdtatistics
relate to a set of the hypothesis that the mealy detiurn is equal zero. Numbers into parenthesespavalues. **
and*** indicate significance at the 5% and 1% levebkpectively.
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Appendix C

Table C1. Model results for steel companies

Panel A daily data

Sub-period Adj.R? DW
wpered @ R, ¢ Ryt  Ru R, Ret ‘

2005-11 -0.350 0.021 0.013 0.729% 0.151 7577 0.022 1.995
(0.559) (0.756) (0.833) (0.015) (0.525) (0.100)

2005-12 -1.108** 0.166** -0.066 0.360* -0.289 6.224 0.056 2.601
(0.013) (0.017) (0.376) (0.360) (0.229) (0.153)

2006-01 3.023% -0.146 0.278 1,949+ -1.358% -15.446* 0.179 2.053
(0.047) (0.154) (0.104) (0.001) (0.022) (0.065)

2006-02 -1.424* 0.016 0.096 0.316 0.613 -8.993 -0.035 2.774
(0.084) (0.907) (0.452) (0.369) (0.323) (0.295)

2006-03 -1.185 -0.125 0.098 0.395 -0.137 -2.407 -0.004 2.077
(0.132) (0.477) (0.290) (0.194) (0.743) (0.717)

2006-04 0.319 0.084%+ -0.204 0.955%+ -0.021 -0.586 0.122 2.327
(0.710) (0.006) (0.235) (0.001) (0.936) (0.902)

2006-05 0.522 -0.035 0.075 1.163%+ 1.224* 9.353 0.248 2.655
(0.491) (0.254) (0.662) (0.000) (0.063) (0.150)

2006-06 0.461 0.062 0.144 1.168* 0.286 6.283 0.148 2.305
(0.734) (0.438) (0.637) (0.026) (0.551) (0.535)

2006-07 -1.058** 0.125 -0.001 0.600 0.528 10.460* 0.118 2.498
(0.045) (0.254) (0.992) (0.002) (0.154) (0.073)

2006-08 -1.895%* 0.061 -0.125* 0.388* 0.284 -4.255 0.039 2.188
(0.006) (0.316) (0.056) (0.031) (0.292) (0.191)

2006-09 -0.717 0.089 0.124* 0.652%+ 0.641 3.145 0.096 2.174
(0.366) (0.107) (0.044) (0.001) (0.156) (0.357)

2006-10 -0.888 0.141% 0.155% 0.478 -0.461 1.505 0.113 2.479
(0.438) (0.013) (0.013) (0.196) (0.329) (0.532)

2006-11 -0.190 -0.014 0.090 0.917%+ 0.964* 4.686 0.144 2.113
(0.848) (0.743) (0.282) (0.002) (0.074) (0.058)

2006-12 5.261 0.038 0.102 2.507* 2.132 2.966 -0.044 2.266
(0.295) (0.889) (0.882) (0.083) (0.330) (0.700)

2007-01 0.286 -0.036 0.276** 1.022% 2.048% -0.579 0.205 2.206
(0.851) (0.386) (0.013) (0.014) (0.022) (0.637)

2007-02 3.847% 0.047* -0.247% 1.897++ -0.529 -0.797 0.266 2.180
(0.034) (0.010) (0.029) (0.000) (0.557) (0.483)

2007-03 -0.002 0.004 0.130 0.998%+ 0.053 0.000 0.211 2.063
(0.997) (0.885) (0.312) (0.000) (0.922) (0.782)

2007-04 -1.776% 0.020 -0.018 0.525% -0.555 0.011 0.101 2.209
(0.029) (0.251) (0.876) (0.015) (0.276) (0.433)

2007-05 -0.122 0.027 -0.137 0.868* 0.415 0.599 0.085 2.465
(0.932) (0.125) (0.104) (0.023) (0.370) (0.331)

2007-06 2.082%+ -0.006 0.101 14T 0.413 0.402 0.473 2.298
(0.001) (0.559) (0.385) (0.000) (0.366) (0.553)

2007-07 0.239 -0.011 0.187 1.024%+ 0.099 0.182 0.258 2.530
(0.780) (0.660) (0.260) (0.000) (0.852) (0.849)

2007-08 0.857 -0.021 0.115 1.129%+ 0.315 -0.067 0.346 2.272
(0.432) (0.411) (0.374) (0.000) (0.518) (0.687)

2007-09 -0.482 0.074%+ -0.027 0.845%+ 0.394 0.219 0.181 2.061
(0.662) (0.001) (0.860) (0.000) (0.719) (0.490)

2007-10 -1.175 0.013 0.074 0.779% 1.226%+ -0.700 0.102 2.145
(0.319) (0.484) (0.384) (0.015) (0.002) (0.232)

2007-11 -2.034% 0.019 0.047 0.727%% 1.939%+ 2.041%+ 0.244 2.599
(0.042) (0.154) (0.789) (0.001) (0.004) (0.001)

2007-12 -1.553 0.040 -0.124 0.561 -0.864 5.857* -0.029 2.778
(0.677) (0.514) (0.610) (0.584) (0.575) (0.066)

Panel B- whole period data

a Ro: Ry Rt R Ry A @

0.347* 0.011 0.089*** 1.066*** 0.263** 0.002 0.025 0.007
(0.042) (0.218) (0.001) (0.000) (0.049) (0.166) (0.175) (0.843)
Observations = 3390 Panels = 6 RdE 0.147 DW = 2.400 F-statistic = 49.638 Prob (F-statistic) = 0.000

Notes: This table reports the estimates for:
Rit =a+ :Bco2 Rcoz.t + :Boil Roil t + IBmRm.t + ﬁeRe.t + :Btc th.t + EI
Where Ri . is the excess equity returns of each stagkis the constantg ot is the EUA returng . is the Brent oail retumpg is

the market portfolio excess retunR_ | is the US$/EUE exchange rate retwR[C . is the interest rate return anfl, is the residual.

According to an F-test test, the fixed effects maneperforms the pooled OLS. All regressions weeeformed on the basis of White's
(1980) correction for heteroskedasticity. Perigghyy-m’ refers to montim in yearyyyy. The DW statistics are compared to critical values
sourced from Bhargava and Narendranathan (1982)theopanel B, the regression includes the tworantéon terms: pre-market shock

(/] ) and market shockd ).*, ** and*** indicate significance at the 10%, 5%nd 1% level, respectively.
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Table C2. Model results for cement companies

Panel A daily data

Sub-period Adj.R? Dw
el @ Reo, Roie  Ru R Res 5

2005-11 20.771 0.027 0.024 0.525 0.022 -0.238 B -0.028 2.657
(0.302) (0.746) (0.686) (0.155) (0.938) (0.964)

2005-12 -1.907%* 0.108 -0.0084 0.098 -0.290 -4.380 - -0.0034 2.414
(0.006) (0.168) (0.936) (0.578) (0.345) (0.330)

2006-01 -0.793 0.087 0.088 0.598* -0.214 7.447% 0.196 0.155 1.833
(0.253) (0.103) (0.282) (0.029) (0.363) (0.088) (0.194)

2006-02 -0.774 0.208* 0.037 0.591 -0.275 2.400 - 0.053 1.922
(0.388) (0.031) (0.683) (0.133) (0.629) (0.729)

2006-03 -0.470 0.103 -0.129 0.733%+ 0.022 -4.788 - 0.091 2.448
(0.304) (0.526) (0.125) (0.000) (0.922) (0.395)

2006-04 0.434 0.007 -0.035 1.115 0.192 0.257 - 0.257 2.282
(0.472) (0.673) (0.727) (0.000) (0.428) (0.900)

2006-05 1.092% 0.013 -0.132 1,357+ 0.508 3.366 - 0.472 2.426
(0.013) (0.609) (0.241) (0.000) (0.291) (0.542)

2006-06 -1.182% 0.146%+ 0.207%+ 0.665%+ -0.403 8.642 - 0.475 2.330
(0.046) (0.003) (0.008) (0.002) (0.064) (0.178)

2006-07 -0.593 0.038 0.078 0.775%+ 0.778% -1.260 - 0.252 2.317
(0.305) (0.641) (0.510) (0.000) (0.021) (0.817)

2006-08 -1.743%* 0.006 0.010 0.431%% 0.057 -4.612 - 0.078 2.242
(0.000) (0.228) (0.868) (0.003) (0.801) (0.141)

2006-09 -0.715 0.011 0.001 0.775%+ -0.345 -1.103 - 0.218 2.043
(0.184) (0.799) (0.982) (0.000) (0.256) (0.675)

2006-10 0.959 -0.028 0.061 1.310%+ 0.208 -0.546 0.147 0.248 1.973
(0.264) (0.382) (0.262) (0.000) (0.568) (0.738) (0.281)

2006-11 -1.728* -0.041 0.107* 0.457* -0.536 1.683 0.007 0.196 1.890
(0.015) (0.179) (0.058) (0.030) (0.107) (0.420) (0.937)

2006-12 -1.955* 0.074 0.093 0.363 -0.869** -0.596 - 0.193 2.184
(0.012) (0.187) (0.375) (0.119) (0.009) (0.651)

2007-01 -2.096%* -0.014 0.018 0.410 0.146 0.382 - 0.117 2.115
(0.003) (0.236) (0.649) (0.030) (0.446) (0.406)

2007-02 -0.206 -0.032% -0.098 0.991 %+ 0.102 -0.413 0.018 0.374 1.886
(0.571) (0.013) (0.214) (0.000) (0.795) (0.553) (0.915)

2007-03 -0.629 -0.008 0.037 0.833%+ -0.269 0.006%+* - 0.277 2.639
(0.180) (0.632) (0.758) (0.000) (0.523) (0.001)

2007-04 0.234 -0.014 0.088 1.081%+ 0.016 0.015* - 0.265 1.962
0.777) (0.337) (0.391) (0.000) (0.968) (0.093)

2007-05 25117 0.006 -0.031 0.311 0.267 0.035 - -0.021 2.007
(0.001) (0.672) (0.650) (0.112) (0.514) (0.942)

2007-06 -1.152%%* -0.004 0.139%+ 0.671%+ -0.386* 0.401 - 0.239 2.350
(0.001) (0.495) (0.009) (0.000) (0.086) (0.407)

2007-07 -2.654 -0.011* -0.040 0.396%+ 0.545 -0.062 0.127 0.078 1.965
(0.000) (0.492) (0.746) (0.001) (0.284) (0.920) (0.176)

2007-08 -0.070 -0.031 -0.129 1.033%+ -0.806* 0.223 - 0.529 1.941
(0.881) (0.123) (0.167) (0.000) (0.079 (0.117)

2007-09 -1.447* 0.009 0.170 0.767%+ 0.563 -0.302 - 0.311 2.374
(0.060) (0.624) (0.172) (0.000) (0.381) (0.274)

2007-10 -0.154 -0.017 0.027 0.974%+ 0.282 -0.159 - 0.170 2.183
(0.894) (0.227) (0.745) (0.001) (0.362) (0.767)

2007-11 -0.340 -0.011 0.001 0.919%+ 0.568 -0.472 - 0.160 2.377
(0.734) (0.286) (0.996) (0.000) (0.308) (0.324)

2007-12 -0.589 -0.005 -0.124* 0.797++ -0.109 -0.054 - 0.144 2.158
(0.298) (0.545) (0.080) (0.000) (0.677) (0.943)

Panel B-whole period data

a Rco2 )t RoiI )t Rm,t Re,t th,t Jt A G

-0.193** -0.003 0.022 0.936*** -0.011 0.008 - 0.089*** 0.016
(0.045) (0.445) (0.152) (0.000) (0.863) (0.016) (0.004) (0.244)
Observations = 2260 Panels = 4 R 0.390 DW =2.166 F-statistic = 145.464 Prob (F-statistic) = 0.000

Notes: This table reports the estimates for:
Rit =a+ :BooZ Rcoz,t + :BOiI R0i| Wt + :BmRm,t + ﬁeRe,t + :Btc th,t + Et
Where Ri ) is the excess equity returns of each stagkis the constantg . is the EUA return,Roil . is the Brent oil return,Rm . is

the market portfolio excess retur® is the US$/EUE exchange rate returIR,tC ¢ is the interest rate return amﬂt is the residual.

According to an F-test test, the fixed effects niailgperforms the pooled OLS. All regressions weeeformed on the basis of White's
(1980) correction for heteroskedasticity. Periggyy-m’ refers to montim in yearyyyy. The coefficientd is an estimate of the first-order
autoregressive coefficient produced by the Coch@maitt procedure for those cases in which sigaificautocorrelation is detected by the
Durbin-Watson test in the original regression. THW statistics are compared to critical values sedritom Bhargava and Narendranathan
(1982). For the panel B, the regression includestio interaction terms: pre-market shoc § and market shock{ ).*, ** and***
indicate significance at the 10%, 5% and 1% lene=lpectively.
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Table C3. Model results for chemicals companies

Panel A daily data

Sub-period Adj.R? Dw
el a Reo, Roie  Ru R Ret 5

2005-11 -0.583 0.077 -0.045 0.683 -0.126 5.789 - -0.014 1.995
(0.492) (0.255) (0.398) (0.137) (0.598) (0.414)

2005-12 -0.003 0.015 0.032 1.029 -0.111 -7.555 - 0.151 2.654
(0.993) (0.773) (0.521) (0.000) (0.564) (0.113)

2006-01 -0.781% -0.072 0.221%+ 0.676% 0.125 6.701% - 0.209 2.280
(0.022) (0.113) (0.004) (0.000) (0.578) (0.037)

2006-02 -0.531 -0.023 0.086 0.787 -0.692* 3.585 - 0.096 2.236
(0.311) (0.789) (0.241) (0.000) (0.054) (0.463)

2006-03 -0.421 -0.072 0.185%+ 0.837++ -0.107 -4.969 0.056 0.126 1.901
(0.323) (0.534) (0.000) (0.000) (0.620) (0.360) (0485)

2006-04 -0.130 0.031 -0.080 0.837++ -0.358 -2.455 0.111 0.144 2.022
(0.832) (0.116) (0.533) (0.000) (0.123) (0.208) (0.252)

2006-05 0.263 0.016 0.181%+ 1.138%+ 0.293 1.454 - 0.578 2.365
(0.273) (0.181) (0.001) (0.000) (0.216) (0.586)

2006-06 -0.884% 0.125%+ 0.101 0.708** 0.265 14.843%+ - 0.406 2.182
(0.047) (0.001) (0.255) (0.000) (0.109) (0.002)

2006-07 0.308 -0.008 0.015 1,095+ 0.258 4.354 - 0.337 2.381
(0.468) (0.910) (0.858) (0.000) (0.417) (0.223)

2006-08 -0.087 -0.058 -0.009 0.933%+ -0.147 2.488 - 0.208 2.338
(0.8772) (0.243) (0.879) (0.000) (0.496) (0.431)

2006-09 0.400 0.067* 0.040 1.075%+ -0.106 0.274 - 0.220 2.311
(0.311) (0.083) (0.369) (0.000) (0.684) (0.892)

2006-10 -0.514 -0.042 0.052 0.810%+ -0.106 -0.041 - 0.076 2.310
(0.564) (0.327) (0.200) (0.004) (0.760) (0.500)

2006-11 0.752 -0.001 0.076 1.212%+ 0.506 0.643 - 0.269 2.414
(0.231) (0.956) (0.139) (0.000) (0.103) (0.659)

2006-12 0.006 -0.034 0.089 0.926%+ 0.248 -2.610% - 0.224 2.446
(0.990) (0.365) (0.265) (0.000) (0.414) (0.018)

2007-01 0.503 0.016 0.064 1.100% -0.371 -0.746 - 0.191 2.021
(0.327) (0.126) (0.263) (0.000) (0.170) (0.637)

2007-02 0.154 -0.008 0.060 1.076%+ -0.416 -0.453 - 0.240 2.105
(0.843) (0.451) (0.425) (0.000) (0.265) (0.402)

2007-03 -0.099 0.022 0.041 0.949%+ -0.206 -0.001 - 0.267 2.165
(0.798) (0.116) (0.536) (0.000) (0.440) (0.344)

2007-04 -0.006 -0.014 0.080 0.984* -0.052 -0.017 0.013 0.113 1.859
(0.992) (0.321) (0.255) (0.000) (0.918) (0.158) (0.860)

2007-05 -0.541 -0.009 -0.029 0.863%+ -0.210 0.631* - 0.066 2.442
(0.445) (0.377) (0.567) (0.000) (0.437) (0.095)

2007-06 1.239% -0.004 -0.094 1.278%+ 0.585 0.026 - 0.481 2.354
(0.016) (0.497) (0.202) (0.000) (0.105) (0.962)

2007-07 -0.941* 0.010 -0.025 0.767%+ 0.113 1.090% - 0.282 2.508
(0.084) (0.474) (0.815) (0.000) (0.742) (0.035)

2007-08 0.287 -0.003 0.158% 1,061 %+ 0.350 -0.027 - 0.490 2.228
(0.534) (0.824) (0.040) (0.000) (0.313) (0.835)

2007-09 -0.694 -0.001 0.143 0.877%+ -0.058 -0.237* - 0.347 2.527
(0.188) (0.966) (0.137) (0.000) (0.853) (0.092)

2007-10 0.469 0.007 -0.097 1.105%+ 0.309 -0.088 - 0.174 1.987
(0.558) (0.539) (0.085) (0.000) (0.215) (0.809)

2007-11 0.568 0.003 0.177* 1.179%+ 0.493* 0.351 0.181* 0.364 1.940
(0.298) (0.593) (0.064) (0.000) (0.094) (0.225) (0.017)

2007-12 0.726 0.021* 0.061 1.094 0.174 -0.383 - 0.338 2.193
(0.181) (0.035) (0.400) (0.000) (0.323) (0.437)

Panel B-whole period data

a Rco2 )t RoiI )t Rm,t Re,t th,t Jt A G

0.084 0.001 0.064*** 1.017%* -0.002 0.017 - 0.012 0.016
(0.221) (0.759) (0.000) (0.000) (0.959) (0.620) (0.620) (0.168)
Observations = 5085 Panels = 9 i 0.365 DW = 2.082 F-statistic = 196.093 Prob (F-statistic) = 0.000

Notes: This table reports the estimates for:
Rit =a+ :Bco2 Rcoz.t + :Boil Roil t + IBmRm.t + ﬁeRe.t + :Btc th.t + EI
Where Ri . is the excess equity returns of each stagkis the constantg ot is the EUA returng is the Brent oail retumpg is

the market portfolio excess retunR_ | is the US$/EUE exchange rate retwR[C . is the interest rate return anfl, is the residual.

According to an F-test test, the fixed effects mangperforms the pooled OLS. All regressions weeeformed on the basis of White’s
(1980) correction for heteroskedasticity. Periggyy-m’ refers to monthm in yearyyyy. The coefficientd) is an estimate of the first-order
autoregressive coefficient produced by the Cochermaitt procedure for those cases in which sigaifiautocorrelation is detected by the
Durbin-Watson test in the original regression. T statistics are compared to critical values sediftom Bhargava and Narendranathan
(1982). For the panel B, the regression includestwo interaction terms: pre-market shoc § and market shock{ ).*, ** and***
indicate significance at the 10%, 5% and 1% |enesdpectively.
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Table C4. Model results for paper companies

Panel A Sub-period data

Sub-period Adj.R? Dw
o a Reo, Roie  Ru R Ret 5

2005-11 -0.934 -0.161 0.470 0.027 -0.570 27.989 - 0.165 2.651
(0.250) (0.430) (0.218) (0.956) (0.145) (0.254)

2005-12 -1.207% 0.101 0.054 0.049 -0.132 -1.228 - 0.774 2.295
(0.021) (0.179) (0.385) (0.826) (0.463) (0.716)

2006-01 0.752 -0.135 -0.031 0.430 -0.569** -4.879 - 0.601 2.300
(-0.223) (0.107) (0.641) (0.166) (0.011) (0.261)

2006-02 0.069 0.220% -0.056 0.615 -0.215 8.406 - 0.373 2172
(0.940) (0.028) (0.611) (0.132) (0.610) (0.312)

2006-03 0.147 -0.186 0.016 0.425 0.287 -17.151 - 0.394 1.966
(0.872) (0.511) (0.899) (0.256) (0.395) (0.186)

2006-04 -0.887 0.028 -0.100 0.268 -0.083 -0.334 - 0.650 2.344
(0.189) (0.225) (0.412) (0.262) (0.737) (0.886)

2006-05 -0.547 -0.0005 0.065 0.469** -0.068 1.704 - 0.472 2.451
(0.345) (0.984) (0.527) (0.012) (0.902) (0.748)

2006-06 -1.028* 0.033 0.183 0.217 0.337 3.344 - 0.633 2.097
(0.048) (0.700) (0.224) (0.207) (0.276) (0.594)

2006-07 -0.019 -0.062 0.115 0.531* 0.063 6.841 - 0.655 2.795
(0.975) (0.540) (0.389) (0.011) (0.861) (0.265)

2006-08 -1.123 -0.005 0.038 0.247 -0.212 -4.926 - 0.658 2.483
(0.351) (0.951) (0.717) (0.496) (0.634) (0.466)

2006-09 -0.859 0.101% -0.051 0.327* -0.034 -0.696 - 0.800 2.000
(0.162) (0.045) (0.304) (0.095) (0.925) (0.820)

2006-10 -2.534% 0.109% 0.078 -0.276 0.646 1.594 - 0.758 2.247
(0.021) (0.015) (0.220) (0.400) (0.202) (0.408)

2006-11 -1.444 -0.075 -0.032 0.197 0.070 2.650 - 0.790 2.473
(0.156) (0.105) (0.642) (0.506) (0.879) (0.182)

2006-12 -1.022 0.084 0.012 0.271 -0.075 -1.706 - 0.839 2.174
(0.162) (0.214) (0.913) (0.223) (0.819) (0.419)

2007-01 -1.303* 0.022 0.019 0.183 0.049 -0.619 - 0.817 2.316
(0.059) (0.256) (0.761) (0.351) (0.899) (0.484)

2007-02 -4.119 -0.016 0.238* 0.024 0.385 -0.123 - 0.880 2.589
(0.120) (0.352) (0.017) (0.843) (0.230) (0.833)

2007-03 -0.290 -0.042% -0.171 0.539%+ 0.193 0.006%+* - 0.681 2.151
(0.704) (0.080) (0.168) (0.005) (0.638) (0.008)

2007-04 -3.029%* -0.001 0.099 -0.147 0.191 0.014* - 0.795 2.201
(0.003) (0.962) (0.426) (0.581) (0.706) (0.050)

2007-05 -2.492* 0.004 -0.161 0.018 -0.435 0.756 - 0.594 2.200
(0.076) (0.812) (0.520) (0.952) (0.695) (0.625)

2007-06 -2.530%* -0.008 0.238% 0.024 0.385 -0.123 - 0.880 2.590
(0.000) (0.429) (0.017) (0.843) (0.230) (0.833)

2007-07 -1.826% -0.020 0.217 0.164 1.676 -0.097 -0.188%* 0.544 1.980
(0.017) (0.411) (0.222) (0.369) (0.330) (0.951) (0.001)

2007-08 -1.195 0.084%+ 0.001 0.425% -0.299 0.695%+ - 0.592 2.364
(0.133) (0.001) (0.995) (0.015) (0.598) (0.000)

2007-09 -2.470%* 0.041 0.350 0.028 0.392 -0.091 - 0.532 2.473
(0.001) (0.102) (0.234) (0.873) (0.546) (0.774)

2007-10 -1.976 0.010 0.033 0.146 0.790 0.129 - 0.634 2.170
(0.234) (0.670) (0.763) (0.74) (0.190) (0.871)

2007-11 -0.350 -0.039* -0.527%* 0.663* 1.716% 0.570 - 0.502 2.518
(0.788) (0.010) (0.003) (0.024) (0.016) (0.443)

2007-12 -1.842 -0.029 -0.127 0.106 0.180 1.560 - 0.548 2.446
(0.304) (0.145) (0.518) (0.820) (0.752) (0.352)

Panel B-whole period data

a Rco2 |t I:'2oil |t Rm,t Re,t th,t 5t A @

-0.509%** -0.002 0.034 0.457%** 0.050 0.005*** - -0.018 0.008
(0.001) (0.689) (0.175) (0.000) (0.570) (0.000) (0.735) (0.598)
Observations = 2825 Panels =5 At;R.583 DW =2.188 F-statistic = 3@&6 Prob (F-statistic) = 0.000

Notes: This table reports the estimates for:
Rit =a+ :BooZ Rcoz,t + :BOiI R0i| Wt + :BmRm,t + ﬁeRe,t + :Btc th,t + Et
Where Ri ) is the excess equity returns of each stagkis the constantg . is the EUA return,Roil . is the Brent oil return,Rm . is

the market portfolio excess retur®R is the US$/EUE exchange rate returIR,tC ¢ is the interest rate return amﬂt is the residual.

According to an F-test test, the fixed effects niailéperforms the pooled OLS. All regressions weeeformed on the basis of White's
(1980) correction for heteroskedasticity. Periggyy-m’ refers to montim in yearyyyy. The coefficientd is an estimate of the first-order
autoregressive coefficient produced by the Coch@maitt procedure for those cases in which sigaifiautocorrelation is detected by the
Durbin-Watson test in the original regression. THW statistics are compared to critical values sediitom Bhargava and Narendranathan
(1982). For the panel B, the regression includestwo interaction terms: pre-market shoc § and market shock{ ).*, ** and***
indicate significance at the 10%, 5% and 1% lene=lpectively.
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