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Abstract

This study examines the relation of stock returns and theamrements on verified emissions
in the European Emission Trading Scheme (EU ETS). In a fiegt we employ event study methods
to detect possibly abnormal returns on the respective arosmnent dates using a sample of quoted
stock market firms from Austria, Denmark, Germany and the WKa second step we link the
estimated abnormal returns to firm characteristics basddeoBU ETS (such as verified emissions
or over-allocation) as well as to financial firm level data iarass-sectional analysis. Even though
the overall cost from the new regulation on the individuahfrwas minor, we find evidence for
the asset value hypothesis, which states that higher wk#figssions induce a higher future permit
allocation. This suggests that investors did not percéieeBU ETS in its first set-up as affieient
and dfective environmental policy instrument.
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1 Introduction

There is widespread consensus that the climate is changing becaudbropagenic greenhouse gas
(GHG) emissions and that worldwiddfert is needed to fight the subsequent negative consequences.
Agreement on the instruments and their impacts on development or econorapepty is far from
being broad, however. Under the Kyoto Protocol, adopted in 1997, thepEan Community decided
to cut its GHG emissions by overall 8% between 2008 and 2012 relativelya® [€9els. Even before
the ratification of the Kyoto Protocol the EU intended to launch an emissionagradheme to gain
experience, as a global trading system was expected to be introdudBih Bnplementing an emission
trading scheme generally has the following direct impacts: i) it forms an additomst to the producing
firm and ii) when permits are allocated for free (grandfathered), firmstaiaia valuable asset. These
effects work in diferent directions and are supposed to occur in varying intensity for desinsectors
and points in time, depending very much on the characteristics of the tradiamec

In 2003 the basic conditions of the European market for emission allowgecepermits) were
agreed on, where one allowance gives the right to emit one ton ¢f Ghe first phase of the EU ETS
emissions permits were predominantly grandfathered to fieetad firms by allocation mechanisms
formed by national politicians. During the three years of the first perimdsficould bank and borrow
within the years, however, no exchange with later periods was alloweldasthe first period was a self-
contained market utiected by future caps. The general rules are given by the Commissiwvayan
there is a wide delegation of tasks to the member states concerning allocatedymes, registration of
firms, their certificates and emissions as well as the setting of an overatrgeapecific emissions cap.

In this paper we analyze how the implementation of the EU Eff&ted the involved firms’ stock
returns. By conducting an event study, we can detect how investlrs wdormation about announce-
ments concerning verified emissions. One would expect to find positivebi@svnegative abnormal
returns as a reaction on the general information about the emissions tradikgt. The announcement
of the efective emissions reveals information about the true amount of emissiorscthfeedtock market
participants. Investors can then correct their beliefs about the udaablegies and applied abatement
possibilities of the individual firm and hence stock prices react. In thescsectional analysis we find
evidence for the asset value hypothesis and only weak evidence fab#tement hypothesis, suggest-
ing that investors were more concerned about the asset value of thépisisued to the firms than the

induced abatement.

1See the Green Paper on greenhouse gas emissions trading within tped&tutinion (European Comission 2000).



The remainder of the paper is organized as follows. In Section 2 werntraseoverview of the
related literature. Section 3 discusses regulation and performance rigkied. In Section 4 we state
our hypotheses. Section 5 presents the employed financial and EU EA.Srd8ection 6 we introduce
the event study methodology employed in this paper. Section 7 presents thieainesults. Finally,

Section 8 concludes.

2 Literature overview

Several studies evaluate th&i@ency of the EU ETS. This brief overview of the existing literature
concentrates on studies concerning individual firms and the develomhtrd permit price in the first
period.

Focusing on the competitive situation and its change, Demailly and Quirion Y 2@08ot find any
evidence for a negativeffect on the competitiveness from emissions trading for the iron and steel in-
dustry, a sector that is strongly exposed to competition from outside of thérBbeir cross-country
analysis they find rather high evidence for a moderate cost pass-‘thandgherefore conclude that con-
cerns about the competitive situation are no reason not to tighten the capsectve period. Sijm et al.
(2006) test empirically if a change in the permit price is passed through amthprices and find strong
evidence for so called windfall profits for German and Dutch electricitgpcers. They conclude that
firms with market power can profit from regulation if the permits are grahdfad. The free alloca-
tion of emission allowances then mainly gives the respective firm an additiemuahe opportunity. In a
simulation with UK data Smale et al. (2006) find mostly positive changes in ear(iiig) TDA), depend-
ing on the energy-intensity and the exposure to international competition getter. These findings
are supported by the study of Bovenberg and Goulder (2000), firatgmostly a small allocation of
emission allowances is ficient to fully compensate for changes in profits due tg Casts.

Emission permits have become a new input factor in production for the firmered\by the EU
ETS. Therefore several studies focus on the development of pericasprBefore the start of the EU
ETS Christiansen et al. (2005) propose, by reviewing other emissionetsaitkat the permit prices
will be mainly driven by policy and regulatory issues, market fundamenttsperature development,
and technical indicators. Alberola et al. (2009) analyze the price davelot in the first phase of the
EU ETS and at the start of the second phase. They find that the markeadable permits is highly
sensitive to the ratio between the overall cap and the needed certificaggsstingly, they find evidence

for a high degree of heterogeneity in the agents’ anticipations, what mégexplained by the lack of



experience of traders. Ellerman and Buchner (2008) take a first loiile allocation data and analyze
sectoral and country specific allocatiofffdrences and derive some first conclusions about the impact on
permit prices. Using event-study methodology, Mansanet-Bataller amid P2007) analyze theflect

of official announcements from the European Commission concerning the EUrEJ& it prices and

find a general sensitivity of permit prices to such announcements.

Hintermann (2010), as well as Montagnoli and de Vries (2010), findeexd that the market for
permits in the first part of phase | was ndfigient. Hintermann (2010) divides phase | into two periods:
before April 2006 and from April 2006 on, because of the signifigaitte drop of permits in late April
2006. He sets up a model which seeks to explain the price evolution with miofiundamentald. The
results are that, in the pre-crash period, prices are rarely explaineddoypmic fundamentals, whereas
in the post-crash period they are. He concludes that this is due to a lackrikétnaiiciency in the
pre-crash period. Montagnoli and de Vries (2010) use sever@nga ratio tests to check théieient
market hypothesis on permit prices. Their results suggest thaffibieret market hypothesis holds in the
phase Il period whereas it does not hold in phase |. Interestingly théyséime support (albeit weaker
than for phase Il) that thefiicient market hypothesis holds also in the post-crash period, supporéing th
findings of Hintermann (2010).

Oberndorfer (2009) and Veith et al. (2009) examine the relation betsteeh returns of corporations
of the European power sector and returns of permits. They both findtibelt returns of electricity
producers and permit prices are generally positively related, andiiatehis finding as evidence for the
possibility of firms from the power sector to create windfall profits by owerpensating permit costs.

To our best knowledge the only event study relating corporate stocknsetao EU ETS events so
far is Bushnell et al. (2011). They conduct an event study to detedtrthact of the permit price crash
in late April 2006 on 548 firms covered by the EU ETS. The authors findeexad for a sector specific
reaction on permit price changes and a positive relationship betweenrthié pace drop and the stock
returns and conclude that the market mainly sees permits as an asset.

In this paper we rather focus on the impact of verified emissions and thed\clised policy issues
like the overall emissions cap and the grandfathered permits. Wheredmtleraentioned studies relate

the impact of the permit price to firm returns.

2Hintermann (2010) develops a model which is based on the idea that tiheabpmount of abatement is a function of
allowance prices and fundamental variables like temperature, precipijtiiitodic reservoir levels, stock market conditions and
other influences. The empirical implementation of this model regressestprice changes on changes of the aforementioned
variables.



3 Regulation and performance

The first decision the member states had to take were on the following two:issaewerall emissions
cap and the féected firms. A country’s overall cap is mainly determined by the given textutarget
and the already established reductidives® or the intention to make use of flexible mechanisms as for
example clean development mechanism (CDM) and joint implementatioh (J1).

Thereafter, certificates could be allocated according to the guidelines igiirt 200387/EC. An in-
depth analysis of the role of the central register, the Community Indepemdersactions Log (CITL),
played in the first period of the EU ETS is given in Trotignon and Delbo86§2 According to Zapfel
(2007), the main characteristics of the allocation process are the exante (no possibilities to change
the national allocation plan after the Commissions verification), the periodisideanaking and the
strong central control by the Commission.

In the first period, auctioning of permits was allowed for up to 5% of a memtag¢esstotal al-
location, however, most countries chose to grandfather 100% in thealliwsation round. After the
guestions about the cap and the general allocation mechanisms wereahthe member states had to
decide on potentially more political questions; as on the allocation betweerctioessgnd the individual
installations. Most countries chose to set sectoral caps considefiagedi forms of compliance factors
and, if applicable, some form of benchmarking to decide on the allocatiorednstallation levef.

For most of the member countries no data were available for theeB@ssions in appropriate dis-
aggregated form, so collection of the data was an important and time senstivedaly the UK and
Denmark did have an emissions trading scheme installed before 2005, f@noest stakeholders the
situation was new and the possible economic consequences for the firnis méthasset was at least
insecure. Therefore the public consultation and securing of politicaldability was a big issue during
the allocation process both between and within the countries (Convery.2009

The countries considered in this study — Austria, Denmark, Germany andikthechose diferent
allocation processes and started with verffedent preconditions, which qualifies them as interesting

examples for the study at hand. The maiffatience is certainly the size of the countries and therefore

3For example in the transportation sector or for private households.

“4In the first phase there was generally no limit for how much emissiongties firms could realize through CDM or JI,
looking at the 2005 to 2010 market data summarized in the World Bank’s 26ntribution (Linacre et al. 2011) we see that
the share of CDM to the total of all allowances has been constantly betvéeammd128%.

SOnly Hungary, Ireland and Lithuania chose to auction part of the alloesmridenmark sold 5% of the certificates with
help of professionals. For a discussion on auction versus grandfagisee Cramton and Kerr (2002).

SAustria, Belgium, Denmark, Lithuania and the Netherlands explicitly usetesmrt of benchmarking mechanism in their
allocation.



the size of the share of total emissions (Trotignon and Delbosc 2008) eAasvthe already mentioned

fact that the UK and Denmark already had an emissions trading schenme tiedd=U ETS.

4 Hypotheses

In this section we postulate the hypotheses which are analyzed later on mpirécal part of the paper
(Section 7). Subsection 4.1 deals with connections on the firm level whiclhhenphausible explanations
for systematic over- or under-performance on the event dates. Qidmsd.2 discusses the possible
aggregatedféects of verified emissions announcements on the overall sample.

The introduction of an environmental regulation aims at internalizing an extefiect. For the
affected firms producing by emitting Gbecame costly after the first of January 2005. In the first
phase, from 2005 until the end of 2007, the permits were mostly allocated teshective firms for
free, so that only a ¢lierence in the amount of needed permits versus the amount of freely allocate
permits dected a firm’s expected return relative to the unregulated situation. Agdinee between the
amount of allocated permits and the needed ones was very likely, howHwverallocation of permits
remained fix for a three years time period. But the need for permits dejpendsriable and uncertain
parameters as the development of the demand and the change in abatessigilitigs/ The biggest
possible mismatch between the freely distributed and the needed amouninispeowever, changes

in value with the overall need for permts.

4.1 Impact on firm performance

For the respective firms there are two possibly simultaneous and infegstsen their expected returns

if their verified emissions deviate from the allocated permits:

e Abatementgect production costs are lower (higher) with higher (lower) resulting @fereation

and increase (decrease) a firms’ expected profit.

e Asset value fiect any higher (lower) realization of verified emissions, increases (dees} the
expected value of permits distributed in future periods and increasesr¢lotherefore a firms’

expected profit.

"Natural gas is seen as one of the main abatement possibilities (switch fotricity production with coal or oil to gas
(Mansanet-Bataller et al. 2007, Hintermann 2010)), the mark-up ie pienotes then the (variable) abatement cost.

8According to Mansanet-Bataller and Pardo (2007) and Conrad etCdl2]2he price for allowances depends mainly on
macroeconomic factors, institutional changes and gas prices.



How strong theseftects are for a certain firm depends on the intensity of @Cthe production
process and how big the share of costs related to emissions permits is rtelatikier input factors. It is
also expected that these twfiexts are strongly related to each other, and therefore are not completely
separable.

Our goal is to identify the totalffect that news about verified emissions have on stock prices. The
above mentionedfiects on a firms expected profit are supposed to be incorporated into tharsidket
as soon as investors update their expectations; and therefore so“ealtedtmal returns” may occur,
when the market learns about news regarding verified emissions.

In the remaining part of this subsection we discuss how the match of allocaids ¥ detail, how
preliminary information is supposed to be incorporated into firm returns anetbvance of the verified
emissions announcements regarding firm returns in general.

Match of allocation: In the first quarter of 2006, 2007, 2008 and 2009 respectively ¢éméral
register CITL published the verified emissions of the previous year. ihgodt these four events we
expect to see an adjustment in the stock prices for those firms with a disteretarwunder-allocation.
Especially in May 2006 investors could verify for the first time if the permitsaragpropriately allocated
or not. Under the abatement hypothesis firms with a distinct over-allocat@sumposed to show a
positive abnormal return (and a negative one for firms short in allocatias their profit expectations
could be upgraded by an additional component. These firms are sdpjpobe able to gain benefits
from selling its spare permits. The firms with a distinct under-allocation needyt@additional permits
and therefore we expect to find negative abnormal returns for theherdine asset value hypothesis this
relation turns out to be somewhat the other way around. The higher tified@missions of firms are,
the higher is the number of permits which they expect to receive in the negtdpd herefore verified
emissions itself are seen as an asset and the more unanticipated verifiedrensissreported, the more
abnormal returns will be generated. Additionally we expect to find posdtireormal returns for firms
with a positive change in verified emissions.

Preliminary information : The two events reflecting preliminary information about the emissions
are supposed to show no significant cumulated abnormal returns ataile de the firms are announced
then. Industries that are supposed to be long in allowances possiblydosé¢fe drastic devaluation of
the permits in late April 2006.

Relevance Finally note that the arguments outlined above apply only to the degree vaneke it

has for the firms decision processes. We already noted that permits émwvelheap enough — at least
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Figure 1. This figure shows over-allocation times permit price divided tgssimr 2504/2006 (left
panel) and 0052006 (right panel)Source:Own calculations based on data provided by the CITL and
Thomson Reuters Datastream.

for some time periods — to be of rather minor relevance in the first compliantslpg the EU ETS.
Therefore, investors response is expected to be small as well anglthenmeaction of stock market prices
are marginal. We report under-allocation multiplied with the permit price divilledales, hereafter
calledrelative abatement costfo get an idea of how “big” possible gains or losses are economically.
Figure 1 shows the histogram of all firms in the sample f9i022006 (left panel) and 852006
(right panel). The left panel shows the distribution before the shace pirop of permits in late April
2006, the right panel a few days after it. Even before the price drap @re only two firms whose
relative abatement cost exceeds five per cent (26.80 an 14.96tresky¢cFor all other firms the under-
allocation is rather small, or they have an over-allocation of permits. Sincdtg@ices have been lower
for the other event dates in this study, the relative abatement costs agsdbwlow the 284/2006

values, being at most 15 % for all the other cases. Table 1 shows th@ptiescstatistics of the relative



abatement cost for the two dates discussed as well as for the remainmglates.

Table 1: Descriptive statistics - Over-allocation times price divided by sales

Date Obs Min Max Med Mean SD
2504/2006 146 -26.80 609 000 -0.13 265
15052006 146 -14.89 339 000 -0.07 147
02/04/2007 148 -0.83 020 000 -0.01 009
08052007 148 -042 010 000 -0.00 005
28/052008 148 -14.19 426 001 -0.00 168
31/032009 184 -1205 331 000 -0.07 106

Note: The table shows descriptive statistics of the fraction of over-allacttiees price divided by sales in percent. We report
the date of the calculation (Date), the number of firm observations (@tsinum (Min), maximum (Max), median (Med),
mean (Mean) and standard deviation (SD).

We expect individual reactions of stock market returns, especiallyh®revents when the firms
announce their verified emissions. Firms that invest in abatement techrenlolglyy that reduce their
emissions, can profit from a resulting over-allocation, given the abatdmpothesis applies. However,
for firms with a distinct under-allocation profit expectations are dowrggtaohd we expect to see nega-
tive abnormal returns. For both situations tlkeet is strongest for the first time the market learns about
a distinct over- respectively under-allocation. Given the observatich@relative abatement costs, one
has to bear in mind, that it will be hard to find strong evidence for the statpdthgses because the
potential gains or losses are rather small for most of the firms. This apppesially for the two event

dates in 2007, where the permit price was almost zero.

4.2 Impact on the overall sample

Traditional event studies cumulate the standardized abnormal returres fohtis that are fiected by an
event to make a statement about how much the specific event influencesrstdet returns. In our
analysis we expect to see the following cumulatffdats:

A Positive cumulated abnormal return can occur when the permits market happens to be less tight
than expected by investors. The majority of the firms have a lower additiorrgimahemissions cost
and therefore the expected return rises (this would correspond withesad®ver-allocation). The same

effect appears when the firms “over-abated” and the regulation leafficierecy enhancing investments,

9See Section 6 for the respective literature and more detailed explanations.



that not only reduce the emissions intensity of production but also upgitadgneral competitive situ-
ation? Without a change of the production costs, an update of the expectedsétureeded, when the
firms realize windfall profits! That means that the costs of the permits can be more than shifted on to
the customers.

A Negative cumulated abnormal return occurs analogue to a positive cumulated abnormal return
when the firms publish surprisingly high verified emissions. The costs afugtion are higher than
expected and the investors downgrade their expectations and nedpaiorenal returns can be observed.

No cumulated abnormal return is seen when the majority of the stock returns do not react in
the same direction because of the evaluated event. When there exist aignifiiterences, either on
a country-, sectoral- or even firm-specific level we expect no cumukttedrmal return as diverging
effects can compensate for each other. A second possibility for no cumulatechaal returns is when

the investors do not react on the new information, so that no abnormat @taur at all.

5 Data

Our estimations are based on information of all installations covered by theTBJaE stated in the
central registet? First, we group the installations on the firm level and then match them with financia
data from Thomson Reuters Datastrekm.

We analyze the dates shown in Table 2. On two dates preliminary informatiorsfeeral countries
leaked into the market, thereby no information about the individual firmi@gremissions were avail-
able. On the four other dates the verified emissions of the previous yeanofiieially announced by the
central register.

In total we are able to identify 206 quoted stock companies from Austriayadn Germany and the
UK that have installations obliged by the EU ETS. We are able to cover 24%0& &llocated permits
or 26% of 2005s verified emissions respectively (see Figure 2). Farditieular estimations, however,
we had to use substantially smaller samples as we controlled for confourftaetsen the period of

three days around the evéfit.As the considered events were all in March, April or May, many firms

10For a discussion between over-allocation and abatement see Ellerch8ueimer (2008).

11See Veith et al. (2009) and Sijm et al. (2006).

2\We use information on verified emissions and distributed permits we fonritieo Database extract of the CITL as of
0506/2009. Currently you find most of the information hantp: //ec.europa.eu/environment/ets/.

B3We assume that reallocation of permits within a firm is cost-free.

We checked the main newspapers on LexisNexis of the respectivérgdarensure that no other unforeseeable event
led to a jump in stock prices (see McWilliams and Siegel 1997). Such codiog events can be earnings announcements,
restructuring announcements, changes in analyst reports or simdatsevNews related to the EU ETS are explicitly not
considered as confounding events.



Table 2: Event dates
Date Description Peculiarity

25/04/2006 Preliminary information of 2005 verified emissions No individual infdroma
15052006 Verified emissions 2005
02/04/2007 Preliminary information of 2006 verified emissions No individual infdiama
08/052007 Verified emissions 2006
28052008 Verified emissions 2007

31/03/2009 Verified emissions 2008 Second compliance period
Note: This table lists the event dates considered in this study. Source:ufbpegan Community Transaction Log.

had to be excluded because they reported their annual financialraicgpat this time of the year. The
possibility of new information not yet incorporated in the respective stoep was then substantial.
Further exclusions were made due to liquidity issues. To control ficgnt liquidity of each stock, we
impose minimum requirements related to trading characteristics of the resggtotite in the estimation
and event window. More specific: stocks that had not been tradeichfrens we do not observe a price
change) on at least 60% of all days, excluding holidays and stockswighprice change on more than

ten successive days were excluded.
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Figure 2: This figure shows total allowances distributed by the CITL (dadtal verified emissions
(light) and the respective values for our sam@eurce:Own calculations based on data provided by the
CITL.
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6 Methodology

This section describes the event study approach we employ in the empéitaf fhe paper (Section 7).
It is based on Campbell et al. (1997, ch. 4) and we assume that informatiocorporated into the
market within a few days; namely within the period of three days before thet @ate until three days
after the event date. Furthermore we rely on thiciency of financial markets (see McWilliams and
Siegel 1997, p.630), which seems to béisiently justified®

We use the following factor model to describe daily stock returns:
Rt = @i + XB; + &it (1)

whereR;; denotes the return of stockn excess of the risk free rate aadis a firm-specific intercept
that we include to account for a possible systematical over- or undfrpmnce unrelated to the risk

factors. The vectox; includes the following factors:

¢ the return of the market portfolio,

the Fama-French factors which account for systematic size and valpectiee growth influ-

encest®

the return of the emission certificate spot or future ptice,

the return of the oil, gas and electricity forward price and

the return of the forward dollar exchange rate of the domestic currency,

all in excess of the risk free rate in tinnéwith the Fama-French factors being the exception, because
they are already constructed as long-short portfolios). The factwitsdties of stocki are denoted by
Bi- €it Is an error term with expectation zero, a constant variance and nocemielation.

Most event studies employ the one factor model based on the CAPM whigtporates the excess
return of the market portfolio only. We use an expanded model for twaorea First, since we examine
events which occur to all firms at the same time, cross sectional correlatioh lmeighserious problem.
Kolari and Pynnénen (2010) show that by adding the Fama-Frentdrégeee Fama and French (1993))

to the one factor model, the cross sectional correlation of the error teemnsdarced intelligibly. Second,

15See e.g. Fama (1991) in general and for our application Hinterm&i®)2nd Montagnoli and de Vries (2010).
18For a detailed description of the Fama-French factors employed hetheséppendix A.
"Prices are taken from the EEX, the European Energy Exchange AG.

11



the price evolution of emission certificates, oil, gas and electricity are likely tmked to stock prices
(e.g. Oberndorfer 2009, Veith et al. 2009). We therefore included$igertive return series.
By estimating equation (1) and subtracting the fitted ret&nom the actual return;, we obtain

the abnormal returns for firm
ARt = Rt — Ry, 2

thereby data of the lastL — 9 to —9 days before the event date (which is 0) is used for the estimation,

with L the length of the estimation window as shown in Figuré 3.

Estimation window Event window

Figure 3: Sequence of estimation and event window

The abnormal returns are estimated according to equation (2) for allafaty® so-called event
window which ranges from day -3 to day 3. We also calcukataled cumulative abnormal returns

(SCAR over various time intervals:

Y2, ARy

SCAR" = ©)

wheres is an estimate of the standard deviation of the cumulative abnormal returts,aside {(-3, 3),
(-3,1),(-1,1),(-1,3),(0,0)}.1° To asses the general impact of the event we calcale¢eage scaled

cumulative abnormal returnASC AR over all firms dfected by the event:
N
ASCAR® = " SCAR™, )
i=1

whereN is the total number of firms.
To conduct inferences whether the event in question has an impactakretorns, we calculate the
statistic proposed by Kolari and Pynndnen (2010), which is an adjusiiémet statistic proposed by

Boehmer et al. (1991), taking cross-correlation into account:

B\We chose the length of the estimation window tolbe 200, except for the 284/2006 L = 175) and the 1852006
(L = 190), depending on the availability of the emission certificate spot ancefagries.
For details see Kolari and Pynnénen (2010) or Campbell et al. (1997)
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ASCAR . N
taB =

®)

wheres, is the square root of a feasible estimator of the abnormal return variadtesathe average
of the sample cross-correlations of the estimation-period residtials.

We include the market and Fama-French factors on the country level agd$dotors provide a better
description of average returns than global factors (sefiG#002, Fama and French 2012). In the event
study literature it is well-known that local factors provide accurate imfege (e.g. Campbell et al. 2010).
All returns are denominated in euro values and we use so-called “lumpeds® which means that a

zero return is obtained if there is no trade.

7 Results

In this section we first discuss the results from the event study (Subséclip In a second step these
results are analyzed with cross sectional methods to shed light on the riseahavhich influence the
reaction of investors (Subsection 7.2). In a third step we conductaewedustness checks of the cross

sectional analysis (Subsection 7.3).

7.1 Event study

Cumulated abnormal returns show how the general reaction of stocls pifitke observed firms is due
to new information. In Table 4 we observe significant results for the am®uent of 2005, 2007 and

2008 verified emissions (see Panels B, E and F).
[Insert Table 4 about here]

Different from what might be expected, we see no significant cumulatedrabhceturns for the
first event (Panel A), when the market learned that there was aajen@r-allocation and the permit
price dropped by around two-thirds. The total emissions were lower t@eceed and market members
reacted by selling emission certificafésDespite this fast and sharp reaction in the permit market, there

was no significant reaction on the stock markets. If one considers thatinol for permit price ffects

20For details see Kolari and Pynnénen (2010).

21Campbell et al. (2010), Bartholdy et al. (2007) suggest that tradedie returns are used, but also show that tfferdince
between trade-to-trade and lumped returns is negligible in most cases.

22The prise drop can also be seen for permit futures wifiedint expiring dates, indicating that this first information about
verified emissions changed the beliefs about the EU ETS market.
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in the factor model, one possible explanation is that there is a stock marké&breaut this is well
explained by the permit return factor in the employed factor model.

Panel B shows the cumulated abnormal returns for the published verifisdiens of 2005. For all
estimation windows we find significant negative cumulated abnormal retiitris.detailed announce-
ment on verified emissions on a firm base gave investors new informatian #iwindividual firm's
situation, so that the link from permit to stock price became more obvious. Ageitmit prices just
started to stabilize after the dramatic drop in late April, the negative cumulatextrabhreturns cor-
responds to the hypothesis that investors downgraded their expectalionsthe firms’ profits as the
permits were mainly seen as an asset, that now had lost much of its value.

In Panel E we find significant positive cumulated abnormal returns onvbret eay ([0]) and for
the event window [-3,1]. DOferent from the second event in May 2006, the price for the first period
permits was almost zero. Hence, rather then the direct value or cos2@0mis emissions and respective
allocation the verified emissions might have been evaluated with respect exthveperiod’s allocation.
This means that a growth in verified emissions led to a positive update of fetura expectations.

For the last event, shown in Panel F, we observe significant positivellated results for the two
event windows [-1,1] and [-1,3]. Confirming the results of Panel E,gbattive cumulated returns might
suggest that higher verified emissions are seen as a positive signakbioirs.

Note that the nonparametric sign test as described in MacKinlay (1991)s\dimilar results (see
Table 5). Especially for the second event (Panel B) more than 70%fofhadl showe a negative abnormal
return, strongly indicating that not some few large abnormal returngdh@significant findings in Panel
B of Table 4, but that the negative impact of the evetgced most of the considered firms. The same

statement holds true for Panel E and Panel F, with positive abnormatsetardescribed above.

[Insert Table 5 about here]

From a regulators perspective, aiming at a lower total amount of emissiimsesult is disappoint-
ing. The event study supports the value asset hypothesis rather thaipatieenent hypothesis. We are
able to confirm the findings of other studies (Bushnell et al. 2011, @loeigr 2009, Veith et al. 2009)
in which permits are rather seen as an asset and not as an instrumentdbatthe firms to engage in

abatement.
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7.2 Cross sectional analysis

The event study results in Section 7.1 show significant positive, sigrifieagative and insignificant
abnormal returns for the examined events. Since the allocation and théongeaimits is diferent for
the individual firms, our next goal is to analyze which characteristicdtaralrivers of the observed
abnormal returns. Thereby note that insignificant cumulated abnortoahsefor the whole sample do
not imply that there are no significant abnormal returns for individuaidir Therefore we include all
six event dates in the analysis, and not only the events with significant cleduéturns for the overall
sample. In this section we analyze the drivers of the abnormal returesibbr event date by means of

an OLS regression:
SCAR? =a+Zb-+e, (6)

SCAF?’t2 is the standardized cumulated abnormal return estimated in the event steég(sdion 3) of
firmi. g is the usual error term with zero expectation and constant variancevethar z includes the

following variables for each firm

e Sales of firmi in the previous year (Salgs

e Market-to-Book-Value of firm based on the preceding December (M{BV

e Over-allocation with respect to the published verified emissiong)}OA

¢ Verified Emissions divided by Sales (YBales),

e Country dummy, which is one for firms located in Denmark or UK and zero wiker(CD),*

e Yearly change in over-allocation for firms with a zero or positive overeallion inT and zero

otherwise AOAY),

¢ Yearly change in over-allocation for firms with a negative over-allocationand zero otherwise

(AOA),
e Yearly change in verified emissions divided by Salg;/Sales).

The yearly change variableAQA;", AOA;, AVEj/Saleg) are only included in the regressions for the

2007, 2008 and 2009 event dates, since there are no verified emiastbaowances data available for

23Denmark and the UK had a national emissions trading scheme befor&JtBd & was introduced.
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2005. 7 indicates the year in which the respective event is observed. Furthemsoexclude the Sales
variable in the regressions for the 2009 event date, due to possiblepbwith multicollinearity. Salgs
MtBv; and VE are in logarithms. We exclude all observations where verified emissiorikbwaaces
are zero or missing. We estimate equation (6) fertf) pairs (-3,3), (-3,1), (-1,1), (-1,3) and (0,0).
The variables of primary interest are the EU ETS related variableg$dtes, OA;, AOA'", AOA;” and
AVE;/Saleg). The other variables are included to correct for other possible irfegewhich may be
correlated with the variables of interest.

In this section we estimate equation (6) with a standard OLS procedure. 5SF¥Z006, when
investors learned that the market was long in allowances and their prippettdy nearly two-thirds,
we find a significant positivefiect of the over-allocation variable (see Table 6) for the event windows
[-3,1] and [-1,1]. Possibly some firms even informed the public about tiveir-allocation before the
countries and the central register could do so. Note that the ovéiedt f the event study results in
Section 7.1 (see Table 4) does not show a significant posifieetdor all firms at an aggregate levél.
However, we do observe significant positive individual abnormalnstéor some firms; and the cross
sectional analysis suggests that these positive abnormal returns doctirms with a distinct over-
allocation. This result is in line with the abatemefieet, since a higher over-allocation is associated

with a higher abnormal return on average.
[Insert Table 6 about here]

When the 2005 verified emissions were announced ¢ga51Z006, we find negativefiects from
over-allocation on abnormal returns for event windows enclosing thage after the event (see Table 7).
Although the event study results of Section 7.1 report significant negetitnulated abnormal returns,
this result cannot be explainedfBaiently with the specification of equation (6), since abnormal returns
of some event windows are to a great deal unexplained (e.g. [-1,1] wif af 0.05) and the F-statistic
of joint significance of all explanatory variables is insignificant for akmvwindows. Concerning the
hypothesis stated in Section 4.1, we observe the opposite of the abatdfaent However, since the
abatementfect and the asset valuffect can hardly be disentangled, we interpret the above findings as

evidence for the asset valuffext.

24since we do not expect to find "big'ffects (see Section 4), we conduct hypothesis tests on the 10 % signiflesake
However, in the tables we additionally report stars to indicate common sigmifclevel, as well as p-values for most of the
results, so that readers can evaluate the results themselves.

2>Note also that over-allocation for all firms in the year before was exaetly, since the EU ETS was not implemented
then. So the over-allocation variable for the 2006 events can also bergttstfas the change in over-allocation variable from
2005 to 2006.
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[Insert Table 7 about here]

From the third event (QR4/2007) on we include the two change in over-allocation variables and the
change in verified emissions variable in the vedaio estimate equation (6), because now data of the
previous year is availabR. On 0204/2007 the cofficient for the change in V/Bales variable is positive
and significant (see Table 8). This observation supports the assethygbothesis. All other EU ETS

related variables are insignificant for this event date.
[Insert Table 8 about here]

For the second event date in 2007 (T82007), we observe a significant negative ficent for the
over-allocation variable for two of the event windows [-3,3] and [-3sHg Table 9). This finding is in
so far remarkable that the déieient for the over-allocation in levels is significant and not the one of the
change in over-allocation. This finding can be interpreted that firms witmargkover-allocation are
punished by investors. These firms have been know to investors sifi2®6, one explanation might
be that investor realized on this event that more emissions are value crélagireby providing support

for the asset value hypothesis.
[Insert Table 9 about here]

The results for the 2852008 event shows no significarftects for any of the variables of interest

as can be seen in Table 10.
[Insert Table 10 about here]

For the last event evaluated, the/@32009, we observe significant negative fiméents for the
change in over-allocation variable, for under-allocated firms, for taveat windows ([-3,3],[-3,1] and
[-1,1]; see Table 11). Firms which are short of permits on thi®@32009 on average lose market value,
when they move their under-allocation closer to zero. For over-allocaes this cofficient is also neg-
ative, but much smaller than for under-allocated firms and not significamted¥er, the over-allocation
in levels variable is positive and significant for two event windows ([-&/3] [-3,1]). This means that
more over-allocated (less under-allocated) firms in general have arl@ghermal return. Additionally

the change in VESales variable is positive and significant for one event window ([-1Jh]summary

26Change in verified emissions is calculated as log VE 2005 - log VE 2006.
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these observations point more into the direction of the asset value hyjsothegative change in over-
allocation and positive change in Y&ales), but also suggest that this hypothesis is much more relevant

for firms which are under-allocated.

[Insert Table 11 about here]

In summary, four of the six examined events support the asset valughegi®) one supports the
abatement hypothesis and one supports neither of them. Our resultststiygiefor the first event
(25/04/2006) abatement was positively interpreted by investors, and theiafwemased the stock price
of firms. However, in the subsequent events stock market participdoeMdings diferently. The next
five events are more supportive to the view that more emissions createvatuesand therefore support
the asset value hypothesis. Always keep in mind that we did not expeattstfiong éects since the

overall relevance of the cost related to permits is not that big (see Segtion 4

7.3 Robustness

The estimations in Section 7.2 were performed by OLS. For our sample the ltawifg critical issues
might arise i) unreliable inferences due to a rather small sample size fordbe $ectional regressions
and ii) a possible sample-selection bias in the cross sectional regresamms tthe exclusion of firms
with confounding €ects. Therefore we employ alternative estimation procedures, whicactdar

these issues and discuss the deviations from the OLS results.

7.3.1 Small sample

Since we are dealing with a rather small sample in the cross sectional fegseisetween 35 and 55
observations), inferences based on asymptotic results may be misleadingrréct for this issue, we
apply a wild bootstrap procedure to obtain reliable inferences. See krag¢Ra05) for details. Our
estimations are based on 10,000 bootstrap replications and inferenbesedson thélCs specification

of the Heteroskedasticity Consistent Covariance Matrix Estimator. Note thatoanot assume that
the error distribution is symmetric. Therefore we do not report p-valuesirdicate only the usual

significance levels. Results are provided in Tables 12 to 17.

[Insert Table 12 about here]

[Insert Table 13 about here]

18



[Insert Table 14 about here]

[Insert Table 15 about here]

[Insert Table 16 about here]

[Insert Table 17 about here]

In general the results of the bootstrap estimations support the findinge @UB results. How-
ever two kinds of exceptions occur. First, fii@ents which are only marginally insignificant (p-value
around 0.13) in the OLS results are significant on the 10% level in the baptstsults. Second, the
codficients for the change in over-allocation variable fof0B2007 are now positive and significant.
These exceptions only have a minor impact on the interpretations of the reBolts15052006 the
VE/Sales cofficient is negative and significant for one event window. This is somehaenitrast to
the asset value hypothesis, but theffiognt of the over-allocation variable is still significant for two
event windows. For QB4/2007 the VESales variable becomes significant for two event dates. More-
over, for 08052007 the cofficients for the change in over-allocation variable for under-allocated firms
is now positive and significant for four out of five event windows. Tth&nges the evidence in favor
of the abatement hypothesis for/08/2007 for under-allocated firms. For the/@8/2008 the change in
over-allocation coicient for under-allocated firms is negative significant for one everdovin Which
supports the asset value hypothesis.

To sum up, we mainly find support for the results obtained with OLS. Horvene event (0852007)
no longer supports the asset value hypothesis; rather we see stqpbe abatement hypothesis for
under-allocated firms. The event in 2008 /(Z82008) supports the asset value hypothesis. In the results
of the third event (08®52007) the evidence for the asset value hypothesis is now weaker. T&e O

results for the 24/2006 and the 303/2009 remain virtually unchallenged.

7.3.2 Sample selection

Due to the removal of firms with possible confounding events, the samplendtrhaght not be com-
pletely random. We therefore estimate a sample selection model based on thiofullation maximum
likelihood (FIML) estimator (see Nawata (1994) or Puhani (2000) fdaitk). In a survey on Monte
Carlo studies of sample selection estimators, Puhani (2000) concludéff thate are no collinearity

problems, ... the FIML estimator is recommended, as it is usually nfaoteat than the LIML estima-
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tor".2” Since the condition number of the regressors as proposed by Pubag) (8 always well below
20 (usually about 4 or 5), we conclude that there is no multicollinearity pnobieour sample and follow
this recommendation. Furthermore we use the Heckman (1979) LIML estinmtgarting values for
the FIML estimator (as initially recommended by Heckman (1979)). We use Hog/fog explanatory
variables in the selection equation: Sales, Market-to-Book value, NumBsnployees, over-allocation
and VESales. For the past 2006 events we also include the two change in ovatialhs variables (as
described in Section 7.2) and the change irySétes variable. To evaluate the goodness of fit of the
model we report Wald, Likelihood Ratio and Lagrange Multiplier tests whicjudtje the joint signif-
icance of all explanatory variables of the outcome equation, excludingotmgtant® The results are

reported in Tables 18 to 23.
[Insert Table 18 about here]
[Insert Table 19 about here]
[Insert Table 20 about here]
[Insert Table 21 about here]
[Insert Table 22 about here]
[Insert Table 23 about here]

We now shortly discuss the deviations with regard to the OLS results of Setton For the
25/04/2006 all EU ETS related variables are insignificant, although very closeet®@US codficient.
For the 13052006 event we still obtain a negative ¢deent for the over-allocation variable, but in the
FIML case only one of them is significant (as opposed to two significafficnts in the OLS results).
For the 0204/2007 the results change considerably. Thefuogent for change in VESales at the event
date is no longer significant. Instead the ffi@&ent for change in over-allocation for under-allocated
firms is now significant and positive. Furthermore, the/S&les variable is now significant (and is still
positive) for two event windows. Concerning the posted hypothesisdtid®ed, the positive change in
over-allocation for under-allocated firms favors the abatement hypstfiesunder-allocated firms) and

the positive cofficients for VESales are more in favor of the asset value hypothesis. For {h§2807

27LIML refers in this context to the estimator proposed by Heckman (1979)
2Asymptotically the three test statistics are equivalent, but the small sanmgperties are in general unknown (Greene
2003, ch. 17). Therefore we report all three test statistics.
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the results are pretty much in line with the OLS results. For the®283008 we observe a significant neg-
ative codficient for over-allocation for one event window and a positive and saanificodicient for the
change in VEESales variable for another event window. These results supportsbevadue hypothesis.
For the 31032009 the results are weakened in comparison to the OLS results, but gpidirstipe asset
value hypothesis.

In summary four of the six examined events support the asset value legmtbne supports both

hypothesis (asset value hypothesis and abatement hypothesis) asuppoets neither of them.

7.3.3 Weighted least squares

The estimation procedures so far rely on an equal weight for eachvaltise. However, one might
argue that firms with higher verified emissions are more important obsersdtoiour purposes than
firms with lower verified emissions. Therefore we redo the estimations of &ettwith a weighted
least squares (WLS) approach. As weights we use verified emissiatige¢o the overall emissions of
the respective event sampgfeln contrast to the other estimations in this section we useuhneulative
abnormal returns (CAR}s opposed to the scaled cumulative abnormal refifriihis is because the
SCARare already scaled by the standard deviations of the cumulated abnotumas r@nd a weighting
of the SCARwould still be influenced by the size of the standard deviations. To ensairththéfect of
the weighting scheme has the desiréiéet, we therefore useAR

We report the results in Tables 24 to 29.
[Insert Table 24 about here]
[Insert Table 25 about here]
[Insert Table 26 about here]
[Insert Table 27 about here]
[Insert Table 28 about here]

[Insert Table 29 about here]

2%For details on WLS see Greene (2003, ch. 11).
3\We calculata€CARasCARM? = 32, ARy.
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For the 2%04/2006 the results equal very much the OLS results, théficant for over-allocation
has the same sign and is also significant for two event windéw=or the 13052006 the results still
confirm the OLS findings. The céixient for over-allocation has the same sign as in the OLS case and is
furthermore significant for all event windows. For the@22007 the results are more ambiguous. The
significant negative cdgcients for the change in over-allocations variable for over-allocated fmds
the significant negative over-allocation and positiveficients for the VEESales variable are in favor of
the asset value hypothesis, whereas the significant negatiffecods for the change in VVBales vari-
able support the abatement hypothesis. Which of thffeete prevail is not obvious. The @8/2007
results are also ambiguous. The significant negativéfica@nts of the change in over-allocation vari-
able for over-allocated firms, the significant negativefitcoents of the over-allocation variable and the
significant positive co@cient for the change in V/Sales variable support the asset value hypothesis. In
contrast, for one event window the ¢heient of the change in over-allocation variable for over-allocated
firms is positive and significant (window [0]), therefore supporting tha&tement hypothesis. Moreover,
the significant positive cdicients for the change in over-allocation variable for under-allocated firms
and the significant negative déieients of the VIESales variable support also the abatement hypothesis.
Overall it is unclear which fect is more important. However, one may argue due to the asymmetric
effect of the changes in over-allocation variable, that for over-allocaters the asset value hypothesis
is more important (at least for the event windows [-3,3] and [-3,1]),re&efor the under-allocated firms
the abatement hypothesis is more important (at least for event windos§ [-3,1] and [-1,3]). For the
28/05/2008 the results dier from the OLS results. A significant negative ffagent for the change in
over-allocation variable for under-allocated firms points to the asset higmhesis (note that a signif-
icant and negative cdigcient for over-allocation partly fsets this &ect, but is much smaller) for one
event window ([0]). For two other event windows ([-1,3] and [-3,&]¥ignificant negative cdiécient
for the over-allocation cdicient and a significant positive cieient for the VESales variable again
support the asset value hypothesis. The results for the eveny@&Z109 support the OLS results. For
the change in over-allocation variable for under-allocated firmfficgmnts signs and significance levels
are similar to the OLS results and likewise for the ffi@&ent of the over-allocation variable. In addition,
the codficient of the change in VfSales variable is now significant positive for two additional event
windows ([-1,3] and [0]). Note also that the F-statistics are mostly signifieard theR?> measures are

guite high. In summary we observe for the WLS results one event whiclpmostive for the abatement

3INote that the WLS cdficients are not directly comparable to OLS ffméents, because aftitrent weighting scheme is
used.
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hypothesis, three events which are supportive for the asset valo#hegs and two events that are rather

unclear.

7.3.4 Panel data

As argued in Section 7.3.1 the sample size may be rather small to provide retl&tdtcal inferences.
Another solution to this problem is the use of panel methods. Thereforealéhe observations of four
of the six events, as this method requires variation in independent variaiglesme. We use the events,
when the verified emissions for the firms were published and drop the twidsewden preliminary
information leaked into the market. To employ panel data methods one has meatisat the impact
of the explanatory variables on the dependent variable is somehow hoemgeover time. Note that
this assumption is possibly not reasonable in our case. On the other haachgghmption is true, we
may benefit from the increased sample size. Furthermore, the probleampfesselection as described
in Section 7.3.2 leads to a reduced sample with only very few firms. To incteasample size and to
account for the sample selection problem explicitly, we employ a panel datzags designed for this
situation. Therefore we employ the procedure proposed by Wooldridiib]. However, this estimator
requires some assumptions, e.g., that the conditional mean of the fizets@f the main equation has a
certain functional forn¥? For a further discussion of these issues see Dustmann and RochizatBaar
(2007).

To judge the goodness of fit and the explanatory power of the varial@iesport théR> measure and
threeF-statistics. The firsE-statistic §p) tests the hypothesis that all dependent variables (excluding
the constant) are jointly zero. The secdngtatistic £1) tests the hypothesis that all EU ETS related
variables are jointly zero (OA, V/fSales and additionally eith&tVE/Sales orAVE/Sales and\OA but
without OA for the second kind of estimations). The thifestatistic £2) tests the hypothesis that all
EU ETS related variables are jointly zero and that the fixéecés are not related to these variables. We
report two kinds of results. In the first one, we use all four yearshiferestimation, but include only the
over-allocation and VEales variables in levels, because of the lack of such information bedo& 2
In the second one, we use also the change in over-allocation and dhaviggsales variables, and can
therefore include only three event dates (from 2007-208@)ARis used as dependent variable.

Table 30 shows the results for the panel estimation including the 2006-2@88%e The coficient

of the over-allocation variable is highly significant and negative for tlemewindows [-3,-1] and [-1,1].

$2Wooldridge (1995, p. 126) assumes that the fixéfdats are a linear function of the past, future and contemporaneous
explanatory variables.
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The codficient of the VESales variable is negative and significant for one event window ()-35liice
the codficient of the over-allocation variable is negative and highly significantor event dates, as
opposed to the negative dfieient of the VESales variable, which is only significant on the 10 % level
for one event date, we interpret this as evidence in favor of the aslst hypothesis. Note also that the
F1 statistic is highly significant for the event windows [-3,1] and [-1,1], sgjong that EU ETS related
information provides important direct information for abnormal returns esdtdates. In addition, the
F, statistic is significant for all event dates, which suggests that EU ETSdetdtemation might also
have an impact via fixed time constaffiieets.

We estimate the panel also for the 2007-2009 events. Since there ardaalmpeyblems at hand
when including all variables, we estimate two specifications: one with all vasaif the first specifi-
cation plus change in VJBales and one with additionally change in over-allocation, but without over-
allocation itsel®3 The results are reported in Tables 31 and 32 respectively. For thegd@sification
(see Table 31), we see that the fimgent for over-allocation is negative and significant for all event
windows. Also, the VIESales cofficient is positive and significant for one event date ([0]). Thesdtsesu
underpin the asset value hypothesis. For the second specificatiofa{dee3?2) the co@cients for the
change in over-allocation variable are negative and significant fovaefitedates. Also, the V/Bales
codficient is positive and significant for two event dates ([-3,3] and [O]§ldifionally, the change in
VE/Sales cofficient is negative and significant for one event date [0]. Since thetimegzhange in
VE/Sales cofficient is only significant for one event date, and in addition much smaller tleguoiitive
VE/Sales cofficient, we consider the results as supportive for the asset value hgotNete also, that

the F-statistics are all significant.

8 Conclusion

We investigate the impact of verified emissions announcement on stocksretndnfind a significant
cumulatednegative impact for the verified emissions of 2005 and a partly significaositipe one for
verified emissions 2007 and 2008. Looking at itdividual abnormal returns we find more support for
the asset value hypothesis as for the abatement hypothesis. Fromsadlared event dates we get the
picture that for the first event (254/2006) the abatement hypothesis was at work, and for all subsequent

the asset value hypothesis seems to be more plausible. These findingst@reloust across fierent

33We do not report the change in over-allocation variable separateddieruand over-allocated firms as in the other results,
because for the panel case the assumption of an symmetric impact sebenjustified. In addition the results are practically
the same as in the symmetric case and are therefore not reportect buadable on request.
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estimation procedures. Table 3 provides an overview of the resultdiregahe two hypothesis with

the different estimation procedures employed in the paper. By assuming that thet mea&tion is
somewhat homogeneous across théedent event dates, we estimate the cross sectional relation also
with a panel approach, and find support for the asset value hypstidgether we use the 2006-2009 or

the 2007-2009 events.

Table 3: Results — overview

Date Eventstudy OLS Bootstrap FIML  WLS
2504/2006 NE A A NE A
15052006 AV AV  unclear AV AV
02/04/2007 NE AV AV unclear unclear
08052007 NE AV A AV unclear
28052008 AV NE AV AV AV
31/032009 AV AV AV AV AV

Note: This table shows an overview of our results obtained wifieidint methods and procedures. A: abatement hypothesis,
AV: asset value hypothesis, NE: nffect, unclear: no cleaffiect of neither of the hypothesis.

We can conclude by saying that our results support the asset vala¢hkgs, which states that
investors see emission allowances as an asset distributed by the reguthtofitms (in the first phase
of the emission trading scheme allowances were mainly free). When the acidiese assets changes,
investors update their expectations and we observe abnormal rettmnexdeption to this finding is the
first event (204/2006) for which the abatement hypothesis is supported.

In general our findings point to the conclusion that investors do notveetiet the European emis-
sion trading scheme set incentives for abatement, but they ratheryeeveeified emissions as an asset

assigned to firms and updated their expectations according to the assetssilgned to the permits.
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Appendix
A Fama-French factors

To construct proxies for the Fama-French factors SMB and HML, weragous index series forfiierent
size and value-growth styles. For Germany we construct the SMB fagtibreadiference between the
SDAX and the DAX return. The German HML factor is constructed as tfierdince of the MSCI Large
Value portfolio plus the MSCI Medium Value portfolio divided by two and the Gd%arge Growth
portfolio plus the MSCI Medium Growth portfolio divided by two. The Austri@VB factor is the
difference between the Small FTSE portfolio and the Large ATX portfolio. ThstrAan HML factor
is the diference of the MSCI Large Value portfolio plus the MSCI Small Value portfdliaded by
two and the MSCI Large Growth portfolio plus the MSCI Small Growth portfoliadied by two. The
Danish SMB factor is calculated as thefdrence of the OMX Copenhagen Smallcap index and the
OMX Copenhagen 20. The Danish HML factor is thé&e@lience of the MSCI Large Value portfolio plus
the MSCI Small Value portfolio divided by two and the MSCI Large Growthtfadio plus the MSCI
Small Growth portfolio divided by two. The UK SMB factor is calculated as tiffecence of the FTSE
All Small index and the FTSE 100 Index. The UK HML factor is théfelience of the MSCI Large
Value portfolio plus the MSCI Medium Value portfolio plus the MSCI Small Valwetfolio divided by
three and the MSCI Large Growth portfolio plus the MSCI Medium Growtttfptio plus the MSCI
Small Growth portfolio divided by three. The SMB factors of Austria anchidark are based on price
indices, whereas all other factors are based on total return indicg$h@refore include dividends). The
factor versions used in this study are selected among a set of possitldatas. We select the factor
specification whose monthly version has the highest correlation with the moattityr$ described in

Schmidt et al. (2011).
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Table 4: Event study results

Window [3,3] [3,1] [11] [1,3] [0]

Panel A: 2%04/2006 (59 firms)

ASCAR -007 -015 -015 -006 -0.12
taB -039 -089 -094 -032 -0.90
p-value 070 037 035 Q75 037

Panel B: 18052006 (53 firms)

ASCAR -043 -040 -049 -049 -032
tas -250 -253 -287 -278 -199
p-value 001 001 000 001 005

Panel C: 0204/2007 (60 firms)

ASCAR 0.05 015 023 010 001
tas 0.35 111 134 056 003
p-value 072 027 018 058 098

Panel D: 08052007 (45 firms)

ASCAR -015 -012 -011 -0.15 002
tas -091 -080 -067 -0.83 010
p-value 036 042 050 041 092

Panel E: 2852008 (57 firms)

ASCAR 0.22 025 027 022 029
taB 1.48 171 164 133 185
p-value 014 009 010 018 006

Panel F: 3103/2009 (54 firms)

ASCAR 0.20 014 035 037 016
taB 124 091 226 219 092
p-value 021 036 002 003 036

Note: The table shows estimation results for average standardized ¢edatmormal returnsASCAR see equation 4), the
adjusted BMP statistid{g) proposed by Kolari and Pynnénen (2010) and its p-value.
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Table 5: Sign test - percentage of positive abn. returns

%pos. [33] [31 [1,1] [-1,3] [0]

Panel A 044 053 042 042 042
p-value 043 Q79 030 030 030

Panel B 38 028 026 028 038
p-value 010 000 000 000 010

Panel C ®3 057 062 055 055
p-value 070 037 009 052 052

Panel D 38 042 042 042 049
p-value 014 037 037 037 100

Panel E B8 061 063 058 065
p-value 029 011 006 029 003

Panel F ®9 054 076 070 059
p-value 022 068 000 000 022

Note: The table shows the percentage of firms with positive abnormahsefor the respective event window and its p-value
of a corresponding sign test, where the panels correspond with table 4.
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Table 6: OLS results (284/2006)
Constant Sales MtBv OA VBales CD R F

[[3,3] -0.250 0.169 -0.022* 0.352 0.178 -0.265 0.053 2.067
p-val 0.878 0.736 0.007 0.297 0.731 0.378 0.086

[-3,1] -0.602 0.006 -0.012 0.792 -0.028 -0.084 0.095 1.424
p-val 0.640 0.989 0.863 0.017 0.952 0.769 0.232

[[1,2] -0.465 0.148 -0.027 0.669 0.150 -0.082 0.105 1.066
p-val 0.763 0.780 0.671 0.061 0.779 0.776 0.391

[1,3] -0.113 0.264 -0.031 0.209 0.299 -0.279 0.068 1.611

p-val 0.949 0.620 0.021 0.548 0.580 0.369 0.175
[0] 0.473  -0.205 0.006 0.417 -0.193 -0.097 0.064 0.996
p-val 0.707 0.679 0.916 0.390 0.706 0.678 0.430

Note: The table shows OLS estimation results for equation (6). Depemdeable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesmarwere dropped. We report OLS fiagents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent lesialscluding the constant, are jointly
zero. We report significance levels for 1%«(x), 5% (++) and 10% ¢). Number of observations: 55.

Table 7: OLS results (1852006)
Constant Sales MtBv OA VBales CD R? F

[-3,3] 2.006 -0.167* -0.038 -0.821 -0.093 -0.049 0.133 1.901
p-val 0.093 0.042 0.624 0.050 0.133 0.873 0.114

[-3.1] 1.365 -0.121 -0.020 -0.464 -0.043 0.030 0.059 0.791
p-val 0.290 0.157 0.760 0.357 0.440 0.928 0.562

[1,1] 1.329 -0.129 -0.001 -0.303 -0.015 0.156 0.05 0.601
p-val 0.337 0.169 0.978 0.517 0.797 0.652 0.699

[[1,3] 2.040 -0.176* -0.025 -0.728 -0.077 0.024 0.112 1.667

p-val 0.094 0.039 0.706  0.081 0.188 0.938 0.163
[O] 1.859 -0.147 -0.026 -0.225 -0.037 0.016 0.078 0.795
p-val 0.145 0.089 0.765 0.702 0.579 0.964 0.559

Note: The table shows OLS estimation results for equation (6). Deperdgable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowareesar were dropped. We report OLS flagents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent lestialzcluding the constant, are jointly
zero. We report significance levels for 1%«(x), 5% (¢«+) and 10% ). Number of observations: 49.
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Table 8: OLS results (0@4/2007)

Constant Sales MitBv ACA* AOA~ OA AVE/Sales VESales CD R2 F
[-3,3] -1.681 0.132 -0.037 0.782 -0.199 -0.084 0.062 0.065 0.131 0.172 0.956
p-val 0.131 0.095 0.484 0.228 0.892 0.747 0.727 0.129 0.597 0.482
[-3,1] -1.561 0.126 -0.048 1.281 -0.106 -0.011 0.179 0.046 0.222 0.158 0.621
p-val 0.167 0.117 0.243 0.143 0.943 0.967 0.464 0.350 0.377 0.781
[-1,1] -0.059 0.041 -0.051 1.874 1.484 -0.275 0.440 0.105 0.406 0.154 1.046
p-val 0.967 0.640 0.279 0.209 0.437 0.399 0.156 0.261 0.175 0.418
[-1,3] -0.468 0.062 -0.036 1.119 1.024 -0.297 0.238 0.112 0.250 0.169 1.136
p-val 0.699 0.413 0.502 0.290 0.526 0.396 0.286 0.122 0.345 0.359
[0] 1.661 -0.084 -0.012 1.369 2970 -0.029 0.376 0.102 0.038 0.142 2.044
p-val 0.270 0.324 0.751 0.354 0.135 0.933 0.095 0.226 0.906 0.063

Note: The table shows OLS estimation results for equation (6). Deperdgable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowargesrarwere dropped. We report OLS ffasents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent lestialzcluding the constant, are jointly
zero. We report significance levels for 1%+(x), 5% (+x) and 10% ¢). Number of observations: 53.

Table 9: OLS results (0852007)

Constant Sales MtBv AOA* AOA~ OA AVE/Sales VESales CD R? F

[-3,3] 2.002 -0.116 0.010 1.836 1.327 -0.826 -0.017 -0.012  -0.681 0.399 2.137

p-val 0.237 0.310 0.753 0.382 0.589 0.073 0.959 0.874 0.070 0.069
[-3,4] 2.228 -0.137 0.041 -0.505 1.609 -0.931 -0.213 -0.067 -0.791 0.527 3.398*

p-val 0.115 0.164 0570 0.755 0.320 0.011 0.319 0.223 0.014 0.008
[-1,2] 2.339 -0.155 0.031 -0.421 1.691 -0.795 -0.075 -0.014 -0.296 0.332 0.720
p-val 0.118 0.137 0537 0.765 0.484 0.225 0.876 0.866 0.530 0.672
[-1,3] 1.958 -0.120 -0.004 2.335 1.277 -0.667 0.132 0.042 -0.255 0.286 0.785
p-val 0.277 0.316 0.909 0432 0.678 0.247 0.832 0.638 0.595 0.620
[0] 0.434 -0.040 -0.015 1.355 0.718 -0.182 0.326 0.001 0.269 0.159 0.248
p-val 0.812 0.756 0.702 0.409 0.733 0.790 0.696 0.989 0.650 0.977

Note: The table shows OLS estimation results for equation (6). Depemdgable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesmarwere dropped. We report OLS fiagents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent lesgialacluding the constant, are jointly
zero. We report significance levels for 1%+«(x), 5% (x+) and 10% ¢). Number of observations: 35.
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Table 10: OLS results (2852008)

Constant Sales MtBv AOA* AOA~ OA AVE/Sales VHSales CD R? F

[-3,3] 1035 -0.051 -0.290 -0.135 2.749 -0.488 0.099 -0.038 0.415 0.167 0.653
p-val 0.346 0.472 0.245 0934 0.281 0.278 0.842 0.633 0.144 0.729
[-3,1] -0.905 0.072 -0.287 -0.180 0.690 -0.465 0.067 -0.048 0'566.288 1.384

p-val 0.422 0.306 0.261 0.882 0.743 0.317 0.817 0.460 0.049 0.233
[-1,1] -0.750 0.058 -0.278 0.347 0.004 -0.657 0.178 -0.045 0'660.304 1.976

p-val 0.374 0.306 0.215 0.851 0.999 0.259 0.678 0.611 0.017 0.075
[1,3] 1543 -0.087 -0.271 0.283 2562 -0.620 0.186 -0.032 0.436 0.175 1.974
p-val 0.067 0.117 0.279 0.894 0.308 0.242 0.766 0.749 0.113 0.075
[0] -0.381  0.031 -0.100 0.307 -3.990 0.094 0.201 -0.006 0.308 0.195 1.104
p-val 0.763 0.717 0.730 0.859 0.131 0.869 0.638 0.941 0.326 0.381

Note: The table shows OLS estimation results for equation (6). Deperdgable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesmarwere dropped. We report OLS flagents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent lesialscluding the constant, are jointly
zero. We report significance levels for 1%«(x), 5% (++) and 10% ). Number of observations: 49.

Table 11: OLS results (323/2009)

Constant MtBv AOA*  AOA~ OA AVE/Sales VHSales CD R2 F

[-3,3] 0.167 -0.023 -0.071 -1.093 0.93% -0.015 -0.008 -0.410 0.123 1.175
p-val 0.901 0.892 0.884 0.021 0.090 0.823 0.951 0.360 0.346
[-3,1] 1.071 0.070 -0.134 -1.375 0.949* 0.014 0.049 -0.775 0.347 4.613
p-val 0.216 0.440 0.761 0.000 0.045 0.797 0.487 0.013 0.001
[-1,1] 0.708 0.158 -0.272 -0.752 0.096 0.122 -0.053 -0.379 0.268 2.047
p-val 0.476 0.091 0.570 0.070 0.824 0.068 0.464 0.304 0.082
[-1,3] -0.330 0.024 -0.160 -0.504 0.230 0.063 -0.101 -0.003 0.094 0.466
p-val 0.805 0.883 0.746 0.388 0.706 0.354 0.408 0.994 0.851
[0] 0.240 0.165 0.457 -0.012 -0.548 0.098 -0.052 -0.253 0.191 0.844
p-val 0.839 0.154 0.376 0.983 0.314 0.187 0.513 0.435 0.560

Note: The table shows OLS estimation results for equation (6). Depemdgable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesrarwere dropped. We report OLS fiagents, theR?
measureR?) and the F-statistic which tests the null hypothesis that all dependent leatialscluding the constant, are jointly
zero. We report significance levels for 1%+«(x), 5% (++) and 10% ¢). Number of observations: 38.

35



Table 12: Bootstrap results (28/2006)

Window Constant Sales MtBv OA \/Bales CD R2 F

[-3,3] -0.250 0.169 -0.022 0.352 0.178  -0.265 0.053 2.067
[-3,1] -0.602 0.006 -0.012 0.792 -0.028 -0.084 0.095 1.424
[-1,1] -0.465 0.148 -0.027 0.669 0.150 -0.082 0.105 1.066
[-1,3] -0.113 0.264 -0.031 0.209 0.299 -0.279 0.068 1.611
[O] 0.473 -0.205 0.006 0.417 -0.193  -0.097 0.064 0.996

Note: The table shows Bootstrap estimation results for equation (6). Bepewmariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS ffia&nts, the
adjusted?? measurer'ez) and the F-statistic which tests the null hypothesis that all dependentlesriekcluding the constant,
are jointly zero. We report significance levels for 19 ), 5% (xx) and 10% €). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengtib.

Table 13: Bootstrap results (If%/2006)

Window Constant  Sales MtBv OA \/Bales CD R2 F

[-3,3] 2.006 -0.167* -0.038 -0.821* -0.093 -0.049 0.133 1.901

[-3,1] 1.365 -0.121 -0.020 -0.464 -0.043 0.030 0.059 0.791
[-1,1] 1.329 -0.129 -0.001 -0.303 -0.015 0.156 0.050 0.601
[-1,3] 2.046 -0.1v6* -0.025 -0.728 -0.077 0.024 0.112 1.667
[O] 1.859 -0.147 -0.026 -0.225 -0.037 0.016 0.078 0.795

Note: The table shows Bootstrap estimation results for equation (6). Bepewnariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS ffiméents, the
adjusted?? measuref@z) and the F-statistic which tests the null hypothesis that all dependentleatiekcluding the constant,
are jointly zero. We report significance levels for 19 ), 5% (xx) and 10% €). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengati®.

Table 14: Bootstrap results (@2/2007)

Constant Sales  MtBv AOA* AOA~ OA AVE/Sales VESales CD R2 F

[-3,3] -1.68% 0.132* -0.037 0.782 -0.199 -0.084 0.062 0.065 0.131 0.172 0.956

[-3,1] -1.56% 0.126* -0.048 1.281 -0.106 -0.011 0.179 0.046 0.222 0.158 0.781
[-1,1] -0.059 0.041 -0.051 1.874 1.484 -0.275 0.440 0.105 0.406 0.154 1.046
[-1,3] -0.468 0.062 -0.036 1.119 1.024 -0.297 0.238 0:1120.250 0.169 1.136
[0] 1.661 -0.084 -0.012 1.369 2970 -0.029 0.376 0.102 0.038 0.142 2.044

Note: The table shows Bootstrap estimation results for equation (6). Bepewnariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS ffiméents, the
adjusted?? measuref@z) and the F-statistic which tests the null hypothesis that all dependentlestiakcluding the constant,
are jointly zero. We report significance levels for 19 ¢), 5% () and 10% ¢). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengati3.
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Table 15: Bootstrap results (@%/2007)

Constant Sales  MtBv ACA* AOA~ OA AVE/Sales VHESales CD R2 F
[-3,3] 2.002 -0.116 0.010 1.836 1.327 -0.826 -0.017 -0.012 -0.681 0.399 2.137
[-3,2] 2.228 -0.137 0.041 -0.505 1.609 -0.931* -0.213 -0.067 -0.791* 0.527 3.398
[-1,4] 2.339 -0.155 0.031 -0.421 1.691 -0.795 -0.075 -0.014 -0.296 0.332 0.720
[-1,3] 1.958 -0.120 -0.004 2.335 1.277 -0.667 0.132 0.042 -0.255 0.286 0.785
[0] 0.434 -0.040 -0.015 1.355 0.718 -0.182 0.326 0.001 0.269  0.159 0.248

Note: The table shows Bootstrap estimation results for equation (6). Bepewmariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS fim&nts, the
adjusted?? measurer'ez) and the F-statistic which tests the null hypothesis that all dependentlesriekcluding the constant,
are jointly zero. We report significance levels for 19 ), 5% (xx) and 10% €). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengat8b.

Table 16: Bootstrap results (Z%/2008)

Constant Sales MtBv AOA* AOA~ OA  AVE/Sales VESales CD R? F

[-3,3] 1035 -0.051 -0.290 -0.135 2.749 -0.488 0.099 -0.038 0.415 0.167 0.653
[-3,1] -0.905 0.072 -0.287 -0.180 0.690 -0.465 0.067 -0.048 0566.288 1.384
[-1,1] -0.750 0.058 -0.278 0.347 0.004 -0.657 0.178 -0.045 01660.304 1.976
[[1,3] 1543 -0.087 -0.271 0.283 2562 -0.620 0.186 -0.032 0:43®.175 1.974
[0] -0.381  0.031 -0.100 0.307 -3.990 0.094 0.201 -0.006 0.308 0.195 1.104

Note: The table shows Bootstrap estimation results for equation (6). Bepewnariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS ffméents, the
adjusted?? measurer'@z) and the F-statistic which tests the null hypothesis that all dependentleatiekcluding the constant,
are jointly zero. We report significance levels for 19& ), 5% (xx) and 10% €). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengati®.

Table 17: Bootstrap results (83/2009)

Constant MtBv AOA™* AOA~ OA AVE/Sales VESales CD R2 F

[-3,3] 0.167 -0.023 -0.071 -1.093 0.93% -0.015 -0.008 -0.410 0.123 1.175
[-3,1] 1.071 0.070 -0.134 -1.373 0.949" 0.014 0.049 -0.775 0.347 4.61%
[-1,4] 0.708 0.158 -0.272 -0.752° 0.096 0.122 -0.053 -0.379 0.268 2.047
[[1,3] -0.330 0.024 -0.160 -0.504 0.230 0.063 -0.101 -0.003 0.094 0.466
[0] 0.240 0.165 0.457 -0.012 -0.548 0.098 -0.052 -0.253 0.191 0.844

Note: The table shows Bootstrap estimation results for equation (6). Bepewnariable:SCAR Observations where one of
the dependent variables are missing or verified emissions or allowareesro were dropped. We report OLS fm@ents, the
adjusted?? measurer'@z) and the F-statistic which tests the null hypothesis that all dependentlestiekcluding the constant,
are jointly zero. We report significance levels for 19 ), 5% (xx) and 10% €). All inferences are based on a wild bootstrap
procedure (see Flachaire (2005) for details). Number of obsengat8s.
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Table 18: FIML results (2804/2006)
Constant  Sales MtBv OA VBales CD Waldtest LRtest LM test

[[3,3] -0.249 0.167 -0.021 0.350 0.176 -0.265 2.405 2.974 5.958
p-val 0.898 0.822 0.666 0.546  0.820 0.399 0.791 0.704 0.310

[[3,1] -0.599 0.002 -0.012 0.788 -0.031 -0.084 3.731 5.448 10.784
p-val 0.728 0.997 0.728  0.107  0.967 0.756 0.589 0.364 0.056

[[1,2] -0.466 0.149 -0.027 0.671 0.152 -0.082 7.863 6.094 8.612
p-val 0.746 0.814 0.021  0.223 0.820 0.757 0.164 0.297 0.126

[[1,3] -0.114 0.266 -0.031" 0.210 0.300 -0.279 21.4586 3.874 2.742
p-val 0.926 0.632 0.000 0.679 0.616 0.336 0.001 0.568 0.740

[0] 0.473 -0.206 0.006 0417 -0.194 -0.097 2.543 3.649 9.305
p-val 0.740 0.733 0.850 0.397 0.765 0.675 0.770 0.601 0.098

Note: The table shows FIML estimation results for equation (6). Depéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesiar were dropped. We report FIML d¢beients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlhiest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report signifeckavels for 1% £ = x), 5% () and 10% £). Number

of observations: 55.
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Table 19: FIML results (12%52006)
Constant Sales MtBv OA VBales CD Waldtest LRtest LM test

[-3,3] 1.971 -0.167 -0.038 -0.814 -0.093  -0.046 4.315 6.984 14160
p-val 0.156 0.116 0.795 0.149 0.225 0.899 0.505 0.222 0.015

[-3,1] 1.329 -0.121  -0.020 -0.457 -0.042  0.033 1.647 2.995 7.257
p-val 0.364 0.311 0.914 0.406 0.608 0.932 0.896 0.701 0.202

[-1,1] 1.297 -0.129 -0.002 -0.297 -0.015  0.159 3.886 2.505 1.696
p-val 0.226 0.079  0.970 0.505 0.825 0.622 0.566 0.776 0.889

[1,3] 2.008 -0.176* -0.025 -0.722 -0.077 0.026 6.435 5.818 4.884
p-val 0.068 0.025 0.588 0.070 0.212 0.956 0.266 0.324 0.430

[0] 1.827 -0.147 -0.026 -0.219 -0.036 0.018 3.145 3.973 5.034
p-val 0.141 0.120 0.746 0.617 0.556 0.956 0.678 0.553 0.412

Note: The table shows FIML estimation results for equation (6). Depéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneegiar were dropped. We report FIML ¢beients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlitest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report signifeckavels for 1% £ = x), 5% () and 10% ¢). Number

of observations: 49.

Table 20: FIML results (0®4/2007)
Constant Sales MtBv AOA" AOA™ OA AVE/Sales VHSales CD Waldtest LRtest LM test

[-33] -1589 0.081 -0.037 0.763 -0.202 -0.085 0.055 0.065 0.130 10.470 9.920 9.219
p-val 0.138 0.732 0.242 0.526 0.854 0.800 0.819 0.183 0.590 0.234 0.271 0.324
[-3,1] -1.277 -0.032 -0.048 1.254 -0.111 -0.012 0.170 0.046 0.220 8.517 9.059 11.828
p-val 0.186 0.881 0.189 0.316 0.927 0.976 0.440 0.353 0.298 0.385 0.337 0.159

[-1,1] 0.669 -0.362 -0.051 1.850 1.488 -0.276 0.432 0:1040.404  10.089 8.793  8.495
p-val 0.603 0.294 0.168 0.149 0.328 0.405 0.240 0.095 0.229  0.259 0.360  0.387

[(1,3] -0.075 -0.155 -0.036 1.104 1.026 -0.299 0.234 071120.248 13.725 9.788 8.674

p-val 0.916 0.525 0.387 0.392 0.518 0.338 0.400 0.026  0.374  0.089 0.280 0.371
[0] 2,286  -0.430 -0.012 1.347 2.977-0.034 0.372 0.101 0.037 7.411 8.007 9.537
p-val 0.139 0.307 0.808 0.502 0.074 0.951 0.405 0.240 0.930 0.493 0.433  0.299

Note: The table shows FIML estimation results for equation (6). Depeéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowarneesiar were dropped. We report FIML dbeients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlitest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report signifecivels for 1% £ = *), 5% (=) and 10% £). Number

of observations: 53.
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Table 21: FIML results (0®52007)

Constant Sales MtBv AOA* AOA~ OA AVE/Sales VESales CD Wald test LR test LM test
[-3,3] 1985 -0.106 0.010 1877 1316 -0.827 -0.012 -0.012 -0.680 10.602 17.828 25.392*
p-val 0.228 0.531 0.913 0.108 0.135 0.095 0.935 0.834 0.083 0.225 0.023 0.001
[-3,1] 1.883* 0.058 0.041 -0.479 1.601 -0.930 -0.210 -0.068  0.791* 24.229* 26.087** 15.306
p-val 0.050 0.730 0.393 0.698 0.143 0.005 0.251 0.271 0.003 0.002 0.001 0.053
[-1,1] 2.227 -0.092 0.031 -0.374 1.679 -0.796 -0.070 -0.015 -0.295 8.191 13.9528.961**
p-val 0.074 0.518 0.342 0.721 0.106 0.148 0.611 0.832 0.381 0.415 0.083 0.002
[-1,3] 2190 -0.251 -0.004 2.396 1.262 -0.669 0.138 0.041 -0.253 12.042 11.856  27.214
p-val 0.083 0.236  0.890 0.194 0.625 0.117 0.537 0.566 0.476 0.149 0.158 0.001
[0] 0.994 -0.356 -0.016 1452 0.700 -0.187 0.337 -0.000 0.273 9.419 6.184 6.347
p-val 0.799 0.314 0.923 0.569 0.594 0.748 0.227 0.998 0.688 0.308 0.627 0.608

Note: The table shows FIML estimation results for equation (6). Depéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowareesiar were dropped. We report FIML d¢beients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlhiest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report significeavels for 1% £ s ), 5% (x+) and 10% ¢). Number

of observations: 35.

Table 22: FIML results (2852008)

Constant Sales MtBv AOAT™ AOA~ OA AVE/Sales VESales CD Wald test LR test LM test
[-3,3] 1.201 -0.143 -0.290 -0.143 2.742 -0.487 0.098 -0.038 0.415 13.827 8.948 10.384
p-val 0.512 0.538 0.178 0.950 0.648 0.098 0.570 0.483 0.165 0.086 0.347 0.239
[-3,1] -0.791 0.010 -0.286 -0.188 0.679 -0.464 0.067 -0.048  0'56@8.548" 16.603*  10.627
p-val 0.503 0.942 0.125 0.873 0.871 0.172 0.481 0.339 0.013 0.000 0.035 0.224
[-1,1] -0.440 -0.110 -0.274 0.348 -0.028 -0.655 0.179 -0.046 0:6520.647* 17.773* 21.579**
p-val 0.735 0.666 0.144 0.792 0.891 0.235 0.460 0.538 0.044 0.008 0.023 0.006
[-1,3] 1.864 -0.262 -0.269 0.282 2541 -0.618 0.187 -0.032 0.435 4.662 9.427 21.870
p-val 0.263 0.386 0.320 0.822 0.256 0.388 0.502 0.705 0.264 0.793 0.308 0.005
[0] -0.033 -0.158 -0.098 0.307 -4.013 0.096 0.202 -0.006 0.307 24.7r7* 10.541 7.584
p-val 0.976 0.225 0.702 0.780 0.207 0.850 0.033 0.937 0.359 0.002 0.229 0.475

Note: The table shows FIML estimation results for equation (6). Depéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowarneesiar were dropped. We report FIML d¢beients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlhiest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report significeavels for 1% £ s ), 5% () and 10% ¢). Number

of observations: 49.
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Table 23: FIML results (3/D3/2009)

Constant MtBv AOA*  AOA~ OA AVE/Sales VESales CD Wald test LRtest LM test

[-3,3] 0.179 -0.022 -0.072 -1.098 0.930 -0.015 -0.021 -0.412 5.270 4.987 6.441
p-val 0.925 0.892 0.920 0.140 0.235 0.892 0.916 0.417 0.627 0.662 0.489
[-3,1] 1.083 0.071 -0.133 -1.375 0.945* 0.016 0.064 -0.777* 27.633** 16.151 9.403

p-val 0.475 0.596 0.660 0.001 0.043 0.758 0.637 0.010 0.000 0.024 0.225
[-1,2] 0.716 0.161 -0.265 -0.735 0.086 0.131 0.068 -0.382 5.192 11.776  29.263
p-val 0.343 0.226 0.252 0.293 0.839 0.135 0.400 0.230 0.637 0.108 0.000
[-1,3] -0.321 0.026 -0.157 -0.496 0.224 0.068 -0.038 -0.005 2.742 3.754 6.692
p-val 0.771 0.842 0.590 0.416 0.623 0.351 0.730 0.982 0.908 0.808 0.462
[0] 0.266 0.167 0.462 -0.003 -0.560 0.108 0.048 -0.258 7.862 8.148 18:701
p-val 0.900 0.316 0.522 0.997 0.499 0.310 0.821 0.719 0.345 0.320 0.009

Note: The table shows FIML estimation results for equation (6). Depeéndeiable: SCAR Observations where one of the
dependent variables are missing or verified emissions or allowaneesiar were dropped. We report FIML d¢beients, and
the Wald, Likelihood Ration (LR) and Lagrange Multiplier (LM) statistics whitlhiest the null hypothesis that all dependent
variables, excluding the constant, are jointly zero. We report signifeckavels for 1% £ = «), 5% () and 10% ¢). Number
of observations: 38.

Table 24: WLS results (284/2006)

Constant Sales  MitBv OA VBales CD R F
[-3,3] -0.058 -0.004 -0.002 0.035 -0.009 -0.013 0.051 2.008
p-val 0.676 0.909 0.053 0.161 0.801 0.506 0.094
[-3,1] -0.044 -0.004 -0.001 0.038 -0.008 -0.005 0.113 1.757
p-val 0.507 0.839 0.324 0.018 0.713 0.646 0.139
[-1,1] -0.041 0.001 -0.001 0.027* -0.001 -0.001 0.102 1.859
p-val 0.489 0.948 0.077 0.036 0.937 0.894 0.119
[-1,3] -0.056 0.001 -0.002 0.024 -0.003 -0.009 0.041 3.885
p-val 0.674 0.978 0.011 0.284 0.928 0.606 0.005
[0] -0.003 -0.005 0.000 0.008 -0.006 -0.001 0.063 1.446
p-val 0.879 0.492 0.791 0.192 0.423 0.836 0.225

Note: The table shows WLS estimation results for equation (6). Depemdegable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, wepeetl. We report WLS cdicients, theR? and the

F-statistic which tests the null hypothesis that all dependent variablesideg the constant, are jointly zero. We report
significance levels for 1%:x(x x), 5% (x+) and 10% £). Number of observations: 55.
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Tab

le 25: WLS results (¥852006)

Constant Sales  MtBv OA VBales CD R F
[-3,3] 0.010 -0.002 -0.003 -0.085 -0.003 -0.023 0.472 7.69%
p-val 0.907 0.741 0.674 0.014 0.366 0.113 0.000
[-3,1] 0.056 -0.005 -0.002 -0.055 -0.003 0.001 0.584 8.580
p-val 0.263 0.094 0.586 0.071 0.304 0.933 0.000
[-1,1] -0.033 0.001 0.002 -0.037 0.002 0.003 0.335 3.496
p-val 0.364 0.720 0.545 0.010 0.348 0.721 0.010
[-1,3] -0.079 0.004 0.001 -0.067 0.002 -0.021 0.345 2.350
p-val 0.191 0.256 0.882 0.010 0.585 0.136 0.057
[0] -0.007 -0.001 0.002 -0.031 -0.002 -0.003 0.714 5.412
p-val 0.805 0.692 0.466 0.027 0.175 0.618 0.001

Note: The table shows WLS estimation results for equation (6). Depemdeable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, wepeetl. We report WLS cdicients, theR? and the

F-statistic which tests the null hypothesis that all dependent variablelsideg the constant, are jointly zero. We report
significance levels for 1%:x(x %), 5% () and 10% ¢). Number of observations: 49.

Tab

le 26: WLS results (0R4/2007)

Constant  Sales

MtBv AOA*  AOA~ OA AVE/Sales VESales CD R?

F

[-3.3] -

p-val

[-3.1]
p-val

[-1.1]
p-val

[-13]
p-val

[0]

p-val

0.088* 0.005
0.049 0.059

-0.128* 0.007
0.043 0.054
-0.032  0.002
0.704 0.720
0.008  -0.001
0.909 0.900
0.036  -0.002
0.453 0.456

0.006 -0.024 -0.032 -0.066* -0.023* 0.001 -0.011 0.810 63.404

0.068

0.543  0.584 0.001 0.013 0.802 0.255

0.000

0.005 -0.031 -0.015 -0.054 -0.025* 0.003 0.002 0.786 128.010

0.099

0.004
0.123

0.397  0.810 0.020 0.011 0.316 0.855

0.000

-0.053 0.038  -0.023 -0.024 0.005 0.010 0.709 101.481"

0.261  0.422 0.287 0.006 0.077 0.258

0.000

0.005 -0.046 0.020 -0.035° -0.023* 0.002  -0.002 0.776 41.963

0.072

0.0001
0.736

0.303  0.659 0.049 0.004 0.324 0.774 0.000
-0.053 0.003 0.005 0.005 0.002 0.005 0.350 611:892
0.018  0.882 0.526 0.110 0.105 0.301 0.000

Note: The table shows WLS estimation results for equation (6). Depemdegable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, weppet. We report WLS cdigcients, theR? and the

F-statistic which tests the null hypothesis that all dependent variablesideg the constant, are jointly zero. We report
significance levels for 1%:x(x x), 5% (x+) and 10% £). Number of observations: 53.
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Table 27: WLS results (852007)

Constant Sales MtBv  AOA* AOA~ OA AVE/Sales VESales CD R2 F
[-3,3] 0.085* -0.004** 0.002** -0.029** 0.112** -0.059**  0.026* -0.001 -0.026* 0.927 147.061*
p-val 0.001 0.009 0.000 0.003 0.000 0.000 0.052 0.786 0.000 0.000

[-3,1] 0.176* -0.011** 0.003** -0.036** 0.072* -0.062** 0.033* -0.007** -0.022™* 0.882 64.294"*
p-val 0.000 0.000 0.000 0.001 0.014 0.000 0.006 0.001 0.000 0.000

[-1,1] 0.159* -0.01%**  0.00T 0.024 0.085 -0.066" 0.028™ -0.008* 0.001 0.642 6.908"

p-val 0.003 0.003 0.058 0.316 0.159 0.002 0.038 0.027 0.894 0.000
[-1,3] 0.068* -0.004* 0.000 0.031  0.124* -0.063** 0.021 -0.002 -0.003 0.856 27.589
p-val 0.007 0.016 0.741 0.115 0.001 0.000 0.134 0.366 0.534 0.000
[0] -0.008 -0.001  0.000 0.042* 0.014 -0.018& 0.006 -0.003 0.002 0.743 6.628"
p-val 0.542 0.347 0.010 0.000 0.466 0.026 0.268 0.054 0.453 0.000

Note: The table shows WLS estimation results for equation (6). Deperdsable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, weppet. We report WLS cdigcients, theR? and the
F-statistic which tests the null hypothesis that all dependent variablelsidexg the constant, are jointly zero. We report
significance levels for 1%:x(x x), 5% (x+) and 10% £). Number of observations: 35.

Table 28: WLS results (2652008)

Constant Sales MtBv AOA* AOA~ OA AVE/Sales VESales CD R2 F

[-3,3] 0.146™ -0.008* -0.022** -0.038 -0.020 -0.027 -0.001 0.001  0.027 0.590 3.857
p-val 0.006 0.013 0.009 0.222  0.889 0.309 0.890 0.701 0.002 0.002

[-3,1] -0.026 0.003 -0.016 -0.019 -0.208  0.019 -0.008 0.004 0.020* 0.551 7.974*

p-val 0.489 0.187 0.059 0.381  0.108 0.411 0.307 0.030 0.010 0.000
[-1,1] -0.006 0.001 -0.015* -0.015 -0.148  0.009 0.000 0.004  0.083 0.665 44.710™
p-val 0.861 0.569 0.002 0.623  0.318 0.691 0.955 0.209 0.000 0.000
[-1,3] 0.166* -0.009** -0.021** -0.034 0.040 -0.037 0.008 0.001 0.040° 0.737 20.263*
p-val 0.000 0.000 0.000 0.217  0.778 0.058 0.253 0.793 0.000 0.000
[0] -0.028 0.002 -0.004 -0.035 -0.261 0.051* 0.002 0.002 -0.003 0.442 4.767
p-val 0.401 0.283 0.534 0.293 0.031 0.030 0.758 0.498 0.633 0.000

Note: The table shows WLS estimation results for equation (6). Depemdegable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, weppet. We report WLS cdigcients, theR? and the
F-statistic which tests the null hypothesis that all dependent variablesideg the constant, are jointly zero. We report
significance levels for 1%:x(x x), 5% (x+) and 10% £). Number of observations: 49.
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Table 29: WLS results (303/2009)

Constant MtBv AOA* AOA~ OA AVE/Sales VESales CcD R? F
[-3,3] 0.029 -0.007 -0.011 -0.099 0.076* 0.001 -0.001 -0.028 0.184 4.133
p-val 0.693 0.436 0.757 0.001 0.026 0.764 0.850 0.247 0.003
[-3,1] 0.102** 0.001 -0.017 -0.108* 0.069* 0.002 0.005 -0.047* 0.422 7.004*
p-val 0.008 0.888 0.508 0.000 0.011 0.365 0.108 0.001 0.000

[(1,1] 0.079 0.004 -0.020 -0.04r 0.005 0.006* 0.000 -0.015 0.277 4.233
p-val 0.084 0.316  0.348 0.017 0.806 0.006 0.935 0.216 0.002

[-1,3] 0.006 -0.004 -0.013 -0.033 0.012 0.005 -0.006 0.004 0.109 0.809

p-val 0.932 0.634 0.659 0.234 0.706 0.094 0.345 0.855 0.586
[0] 0.041 0.004 0.015 0.001 -0.021 0.004 0.000 -0.011 0.170 0.881
p-val 0.301 0.181 0.272 0.946 0.165 0.054 0.957 0.272 0.533

Note: The table shows WLS estimation results for equation (6). Depemdegable:CAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, wepeetl. We report WLS cdicients, theR? and the
F-statistic which tests the null hypothesis that all dependent variablelsideng the constant, are jointly zero. We report
significance levels for 1%x(x =), 5% (x+) and 10% ¢). Number of observations: 38.

Table 30: Panel results 2006-2009
Constant  Sales MtBv OA VBales R? Fo Fi1 (=

[-3,3] 1.38r* -0.081 -0.041* -0.432 0.104 0.144 64.0586 1.149 4.641"
p-val 0.032 0.843 0.000 0.270 0.572 0.000 0.320 0.000

[-3,1] -0.605 0.241 -0.030* -1.102** -0.082 0.148 532.053* 12.296™ 15.961*
p-val 0.190 0.108 0.000 0.000 0.071 0.000 0.000 0.000

[-1,1] -0.042 0.174 -0.008 -0.740** -0.053 0.143 155.018 7.432* 11.744*
p-val 0.938 0.373 0.011 0.000 0.673 0.000 0.001 0.000

[-1,3] 1.183* 0.121 -0.038* -0.412 0.094 0.122 47.07% 1.122 2.961"
p-val 0.015 0.728 0.000 0.163 0.692 0.000 0.328 0.002

[0] 0.075* -0.028 -0.008*  0.004 0.001 0.186 23.743 0.023 7.876™
p-val 0.001 0.198 0.000 0.831 0.912 0.000 0.977 0.000

Note: The table shows Panel estimation results for equation (6). Deperat@ble:SCAR Observations where the dependent
variables is missing or verified emissions or allowances are zero, \wepped. We report cdicients,R? and three F-statistics
which tests the null hypotheses that all dependent variables, excludirgptistant, are jointly zerd-¢), all EU ETS related
variables excluding fixedfiects are jointly zeroK;) and all EU ETS related variables including fixeffleets are jointly zero
(F2). We report significance levels for 1% £ ), 5% («+) and 10% ¢).
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Table 31: Panel results 2007-2009 |

Constant Sales MtBv OA AVE/Sales VHSales R? Fo F1 F,
[-3,3] 16.090 -10.51% -0.038** -0.558* 0.001 0.277 0.245 17.834  3.414*  3.760™
p-val 0.201 0.033 0.006 0.025 0.989 0.153 0.000 0.020 0.000

[-3,1] -19.826** 6.887** -0.040™ -0.640* 0.027 0.051 0.185 86.088 6.112** 5.172*
p-val 0.010 0.007 0.000 0.001 0.663 0.623 0.000 0.001 0.000

[-1,1] -0.780*  0.457** -0.002*" -0.059** -0.001 0.010 0.138 213.407 15.268" 10.844™*
p-val 0.024 0.005 0.000 0.000 0.752 0.211 0.000 0.000 0.000

[-1,3] 0.816* -0.598 -0.002** -0.021* -0.001 0.007  0.270 23.968 2.252 4.261*

p-val 0.047 0.000 0.002 0.019 0.751 0.460 0.000 0.086 0.000
[0] 10.625 1.001 -0.048* -0.660™" -0.024 0.286¢ 0.186 18.582* 6.792*" 6.163™
p-val 0.417 0.818 0.008 0.001 0.719 0.041 0.000 0.000 0.000

Note: The table shows Panel estimation results for equation (6). Deperad@ble:SC AR Observations where the dependent
variables is missing or verified emissions or allowances are zero, weppetl. We report cdicients,R? and three F-statistics
which tests the null hypotheses that all dependent variables, excludirgptistant, are jointly zerd-(), all EU ETS related
variables excluding fixedféects are jointly zeroK;) and all EU ETS related variables including fixeffleets are jointly zero
(F2). We report significance levels for 1% £ ), 5% («x) and 10% ¢).

Table 32: Panel results 2007-2009 ||

Constant Sales MtBv  AOA AVE/Sales VHESales R? Fo Fi1 F2

[-3,3] 33.810° -9.200 -0.038 -0.714™ -0.079 0.441 0.245 18.907* 4.966™  7.931™
p-val 0.024 0.103 0.070 0.004 0.408 0.013 0.000 0.003 0.000

[-3,1] 28.122* 6.981* -0.042** -0.317* -0.013 0.071 0.185 21.683 2613 5.178™
p-val 0.002 0.024 0.000 0.013 0.905 0.558 0.000 0.055 0.000

[-1,1] -1.147* 0.556** -0.002** -0.044™* 0.006 0.015 0.306 39.684* 23.223** 8.116™
p-val 0.005 0.007 0.000 0.000 0.187 0.076 0.000 0.000 0.000

[-1,3] 1.535* -0.533"* -0.00r -0.030™* -0.005 0.015 0.280 35.723 6.10I™ 12.666*"
p-val 0.002 0.002 0.058 0.000 0.204 0.128 0.000 0.001 0.000

[0] 21.670 1.698 -0.046 -0.691™ -0.114 0.409 0.169 27.648* 9.493" 16.956**
p-val 0.173 0.712 0.043 0.000 0.073 0.002 0.000 0.000 0.000

Note: The table shows Panel estimation results for equation (6). Deperad@able:SC AR Observations where the dependent
variables is missing or verified emissions or allowances are zero, wappetl. We report cdicients,R? and three F-statistics
which tests the null hypotheses that all dependent variables, excludirgptistant, are jointly zerd-¢), all EU ETS related
variables excluding fixedfiects are jointly zeroK;) and all EU ETS related variables including fixeffieets are jointly zero
(F2). We report significance levels for 1% £ ), 5% («+) and 10% ¢).
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