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ABSTRACT
This research examines themarket reaction to the publication of firm-specific environ-
mental news for participating firms in the European Union’s Emissions Trading System
(EU ETS) during its third phase. Our sample of 123 publicly listed participating firms,
located in 21 European countries, accounted for 45.43% of emissions in the EU ETS in
2020. Using an event study methodology during the period 2014–2021, we find that
positive news was rewarded with increased returns for publication events related to
the latter years of the phase (2017–2020) while it had an insignificant impact for earlier
year (2013–2016). This indicates that the EU ETS is finally fulfilling its intended func-
tion of incentivising participating firms to reduce their emissions. Our study highlights
the contextually contingent nature of the relationship between environmental and
financial performance.
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1. Introduction

Over recent decades, external pressure for businesses to behave more responsibly towards the environment has
intensified from amultitude of stakeholders including the government, media, NGOs and consumers (Flammer
2013; Hase et al. 2021). Many governments have implemented policies aimed to help their economies decar-
bonise while at the same time the investment community has recognised environmental performance as a key
metric to consider as part of the growing field of ESG investing (Global Sustainable Investment Alliance 2018).
An understanding of the impact of policies introduced by the government on the allocation of capital to sus-
tainable economic activities is crucial if the required reduction in environmental degradation is to be achieved
in line with stated goals such as the Paris agreement and the G7 Nature compact.

The EU has implemented a carbon emissions trading system as one of its key policies to achieve its decar-
bonisation ambitions (European Commission 2015b), based on the Polluter-Pays-Principles enshrined in EU
treaties. However, the performance of the system and the incentives it creates have been repeatedly brought into
question since its inception (Bruninx et al. 2019). As the system has evolved through periodic revisions to its
structure, the incentives it creates have also been in flux. The aim of this study is to explore the impact of the
EU’s Emissions Trading System (ETS) on the valuation of participating firms during its third phase (2013–2020)
in order to examine the incentives it creates for firms to reduce their emissions.1 An examination of the response
of market actors to the announcement of verified firm-specific carbon emissions data, allows us to observe the
market’s assessment of its expected financial impact on participating firms, and to assess whether markets cre-
ate an incentive for emissions reduction by rewarding (punishing) news of positive (negative) environmental
performance.
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Specifically, we use an event study methodology to analyse the market reaction to emissions verification
events related to the third phase of the EU ETS over the period 2014–2021 on a sample of 123 participating
listed firms. Emissions verification events reveal participating firms’ carbon emissions and resultant EU ETS
allowance (EUA) demand for the previous year. We identify two distinct periods during the third phase of the
Emissions Trading System with regards to the price of traded allowances. An inflection point occurs around
the time of the announcement of the revisions to the system for Phase 4 in late 2017 (Friedrich et al. 2019;
Friedrich et al. 2020).2 Hence, we split Phase 3 into the period before (Phase 3a: 2013–2017) and after (Phase
3b: 2018–2020) the announcements of these revisions to investigate whether the divergent market dynamics in
these two periods altered themarket reaction to verification events. The valuation of participating firms’ carbon-
related environmental performance revealed during subsequent emissions verification events (Phase 3b)may be
altered in the presence of a more stringent regulatory environment (Clarkson et al. 2015) if markets adapt their
assessment of itsmateriality. Hence, this sub period analysis investigates whether the change inmarket dynamics
between the two periods also aligned the incentives created by the EU ETS with its intended purpose.

We examine the market reaction to the verification events in each year, and specifically the reaction to the
positive or negative news contained within the emissions data using three distinct measures. Firstly, we mea-
sure the change in a firm’s allowance surplus since the previous year as the absolute change in a firm’s EUA or
carbon liability (Clarkson et al. 2015). Secondly, we measure a firm’s change in their industry relative allowance
surplus/deficit. Finally, we create a measure of expectations based on the average past emissions reductions of
the firm as the provision of new information about the carbon emissions of a firm may only cause abnormal
changes in its stock price when the information deviates from investors’ expectations and is perceived to impact
profitability (Gupta and Goldar 2005).

We find evidence of a significant change in the impact of verified emissions announcements between the
early and later stages of Phase 3. We find that positive news of a reduction in both absolute and industry-relative
carbon liability is rewarded with increased returns in Phase 3b while it has an insignificant impact in Phase 3a.
These findings are consistent with previous findings that the EU ETS was not adequately compensating proac-
tive firms or penalising those that pollute in the earlier periods (Andreou and Kellard 2021). The increased value
relevance of carbon liability reductions in the latter period may be attributed to a number of changes in con-
textual factors such as the increased stringency of the EU ETS (Verde et al. 2021), intensified political focus on
combating climate change and the increased flow of funds into socially responsible investment funds. However,
we find that negative news, that is, an increase in a firm’s absolute or industry-relative carbon liability has no
corresponding effect on firm returns in either period. This indicates that financial markets provide an incentive
for firms to reduce their absolute or industry-relative carbon liability but no disincentive for increases in either
measure.Whenwe create ameasure of expectations and stratify a firm’s emissions reduction performance by the
magnitude of the deviation from it, we find that substantial deviations from expectations (i.e. substantial unex-
pected increases or decreases in emissions) provoke a market reaction for both positive and negative surprises
in the latter period of Phase 3.

Overall, our findings indicate that any changes in emissions; absolute, industry-relative or relative to expec-
tations, were not valued by investors until Phase 3b, that only absolute or industry-relative reductions in a firm’s
carbon liability are rewarded, and that changes in emissions only provoke a market reaction when the change
is either substantially more or less than expected. These findings indicate that the markets assessment on the
incentives created by the EU ETS for firms to reduce their emissions has evolved to become more aligned with
its emissions reduction goal during its third phase.

Our researchmakes several contributions to the extant literature. Firstly, it contributes to the body of research
which examines the stock market reaction to environmental news (Capelle-Blancard and Petit 2019; Flammer
2013; Lioui and Sharma 2012) by providing a novel examination of the market reaction to positive and nega-
tive news related to the carbon liability and emissions of firms. Secondly, we contribute to previous research on
the EU ETS which has highlighted the importance of considering industry characteristics of participating firms
(Abrell, Ndoye Faye, and Zachmann 2011; Bushnell, Chong, and Mansur 2013; Jong, Couwenberg, andWoerd-
man 2014; Koch and Bassen 2013). Thirdly, we explicitly consider environmental news in relation to market
expectations which contributes unique findings to the literature. Fourth, we contribute evidence that greater
external pressure amplifies shareholders’ reactions to positive or negative news. Thismakes amajor contribution
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to the literature by highlighting the contextually contingent nature of the relationship between environmental
and financial performance. This has implications for policy as we demonstrate that an increased perception of
the future stringency of the system, and political commitment to it, increased the effectiveness of the EU ETS
in shaping the market treatment of emissions-related environmental performance. Lastly, this research extends
the body of research into the incentives created by the ETS for publicly traded participating firms (Brouwers
et al. 2016) with an examination of Phase 3 which had not yet been examined in its entirety. Hence, it offers an
updated insight into the impact of one of the EU’s core environmental policies on the financial market impact
of changes in participating firm’s environmental performance.

The remainder of the paper is structured as follows. In Section 2 we describe the evolution of the EU ETS
and EUA price. We then review the literature related to the relationship between environmental performance
and financial performance and develop our hypotheses to be tested. Section 3 describes our dataset and provide
details of our methodological approach used to test our hypotheses. We then present our results in Section 4,
followed by a discussion of the findings, limitations, and implications of our study in Section 5.

2. Literature review

2.1. European Union emissions trading scheme

The European Union’s Emissions Trading Scheme is the corner stone of the EU’s strategy to tackle climate
change by creating financial incentives for European companies with the largest emissions of carbon dioxide
to reduce those emissions (European Commission 2015b). It is the first and largest cap-and trade system for
reducing greenhouse gas (GHG) emissions and accounts for the majority of international carbon trading (De
Clara and Mayr 2018). The EU ETS limits emissions from around 10,000 installations in the power sector and
manufacturing industries in EU and EEA-EFT countries which account for approximately 40% of the EU’s
greenhouse gas emissions (European Commission 2021). The policy instrument is designed to directly limit
GHG emissions by setting a system cap and then harnesses the power of market forces by allowing participating
companies the flexibility to trade emissions allowances. This system design sidesteps the difficulty of determin-
ing the ‘right price’ of carbon to obtain a given amount of emissions reduction by setting the overall reduction
goal and allowing the market to decide the price.3

The EU ETS, currently in its fourth phase, was established in 2005 and has developed through an iterative
process with successive phases involving updates, tightening, changes and improvements. In the first two phases
(2005–2007, 2008–2012), the vast majority of allowances were given to emitters at no cost with the remain-
ing proportion auctioned (European Commission 2015b). Both phases suffered from an over allocation of free
allowances and resultant collapse in the price of EUAs. This overallocation has been attributed to a lack of accu-
rate verified data for the process in the first phase (De Clara and Mayr 2018) and multiple factors in the second
phase including a slowdown in economic activity due to the 2008 financial crisis, the abundant usage of interna-
tional credits generated through the Kyoto Protocol and the impact of overlapping policies (De Clara and Mayr
2018; European Commission 2015b; Verde et al. 2021). These major changes in EUA demand and supply have
created substantial changes in EUA price returns and volatility since the inception of the EU ETS (Jia et al. 2020).

Our research focuses on the third phase of the EUETS (2013–2020), whichwasmarked by a number ofmajor
revisions designed to improve the functioning of the system which included a centralised free allowance alloca-
tion system, an increased proportion of auctioned allowances and stricter cap (European Commission 2015a).
The persistently low EUA price at the beginning of phase 3 created the impression that the EU ETS did not work
as intended and was in need of reform (Edenhofer 2014). However, political interventions in the market failed
to reverse the trend until the announcement of the EU ETS reforms for Phase 4 in 2017. Jia et al. (2020) identify
a structural change to the market the middle of phase three related to this intervention. The announcement of
the introduction of the market stability reserve (MSR)4 and its cancellation policy are highlighted as possible
catalyst for the change in price dynamics as they enhanced the robustness of the system to economic shocks and
reduced the overall cap (Gerlagh, Heijmans, and Rosendahl 2020). Additionally, the announcement may have
also dispelled the dominating perception of a lack of political will to tighten the system which weighed on the
EUA price in the earlier period (Grosjean et al. 2016; Salant 2016).5 The increased probability of further scarcity
increasing political interventions in the market during the latter years of Phase 3 due to the increasing political
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Figure 1. EU ETS allowance price evolution during Phase 3.

focus on carbon emissions reduction as evidenced in proposals such as the European Green Deal (European
Commission 2019) may also be a key driver of the price.

As the logic of the EU ETS is to form price signals for the EUA which optimise the trade off by covered
corporations between investing in low carbon advanced technologies and purely trading carbon allowances to
complete compliance (Du, Tang, and Song 2016), previous research has focused on the EUA price, its determi-
nants, and the impact of events on carbon prices. Zhu et al. (2019) studied carbon price drivers and found that
the effect of electricity market and stock index appeared earlier whereas the impact of coal, oil and gas prices
lagged behind in the medium and long timescale. However, some divergence in the drivers of EUA prices has
been found in the literature with the evolution of the system responsible for the fluctuations in the fundamental
drivers of price. The nature of the EU ETS with its pre-specified emissions limits creates a vulnerability to unex-
pected external shocks and policy adjustments that have dramatic impact on the demand and supply of EUAs
(Christensen et al. 2005). These external shocks can create break points which alter the data-generating process
of EUA prices. These might indicate a change in the relationship between the marginal CO2 abatement cost and
thus indicate a change in the economic and environmental efficiency of the EUETS (Christiansen andWettestad
2003). These break points, resultant from a change in market expectations caused by structural changes in the
EUA price, divide EUA price development into different periods (Jia et al. 2020). Figure 1 displays the price per
EUA in Euro over the period, where one EUA allows the holder to emit 1 t of greenhouse gasses.We observe that
the price per EUA remains low, undere10 between 2013 and 2017, and from early 2018 it begins to increase and
increases significantly between 2018 and 2021.We refer to the first period of low prices as Phase 3a (2013–2017)
and the subsequent period of increasing prices as Phase 3b (2018–2020)6 for the remainder of our analysis.

Verified emissions publications are identified as some of the most influential event in the EU ETS as they
represent institutional information disclosures, providing authenticated information to the EUAmarket regard-
ing overall demand and firm specific carbon reduction performance (Guo et al. 2018). An extensive literature
has examined the impact of these events on the price of EUAs due to their important role in the price discovery
process. The role played by these events in the price discovery process is highlighted by their ability to impart
significant shocks to the EU ETS causing structural breaks in the market in both 2006 and 2009 (Brouwers et al.
2016). Hitzemann, Uhrig-Homburg, and Ehrhart (2010) and Jia, Xu, and Fan (2016) investigated the impact of
emissions announcements during the first two phases and found that the EU ETS efficiently incorporated infor-
mation from these events. Guo et al. (2018) investigate the trading behaviour around these announcements
during its first two phases and conclude that the carbon market has evolved from a simple environmental reg-
ulatory instrument to a functioning market in its second phase implying that EUAs have become recognised as
some kind of financial asset. Since EU ETS was originally proposed as an instrument to achieve abatements in
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carbon emissions of participating firms (Christiansen and Wettestad 2003; Convery 2009), it might be helpful
to examine whether the micro-level carbon reduction performance of these firms revealed in the same verified
emissions events is judged as material by market actors in these different periods.

2.2. Environmental and financial performance

The relationship between a firm’s environmental and financial performance has attracted an increasing amount
of attention over the years as the climate emergency focuses the minds of academics and policymakers (Hase
et al. 2021). However, there are still divergent views on the nature of the relationship, its shape or even the
need for policy intervention to encourage companies to transition to more environmentally friendly business
activities (Hang, Geyer-Klingeberg, and Rathgeber 2019). Disagreement still exists regarding the sign of the rela-
tion, moderating and mediating factors, and the causality of the effect (Hang, Geyer-Klingeberg, and Rathgeber
2019).

Proponents of the ‘traditionalist view’ subscribe to Friedman’s (1970) trade-off hypothesis which posits that
environmental performance andfinancial performance are necessarily negatively related (Walley andWhitehead
1994). The counter-argument that environmental performance is positively related to financial performance due
to its ability to generate new and competitive resources for a firm has beenmade from numerous theoretical per-
spectives such as stakeholder theory (Freeman 1984), instrumental stakeholder theory (Jones 1995), the natural
resource based view of the firm (Hart 1995) and using the Porter hypothesis (Porter and Linde 1995). Porter and
Linde (1995) highlight the importance of the regulatory context in facilitating this type of ‘win-win’ outcome.

Empirical investigations into the relationship between environmental and financial performance has resulted
in contradictory findings with several meta-analysis confirming the presence of a positive relationship (Busch
and Friede 2018; Endrikat, Guenther, and Hoppe 2014) while other studies support the existence of a negative
relationship (Gonenc and Scholtens 2017; Horváthová 2012; Lioui and Sharma 2012) and more recently studies
have found it to be nonlinear (Lahouel et al. 2022; Lahouel, Bruna, and Zaied 2020). This body of research which
endeavours to establish the underlying relationship between environmental and financial performance is often
plagued with questions regarding the direction of causality and the quality of the environmental data used7
(Hang, Geyer-Klingeberg, and Rathgeber 2019).

An event study methodology has been implemented by numerous studies to examine the stock market reac-
tion to firm specific environmental news that signals8 changes in its environmental performance. This approach
mitigates against questions of causality and some data concerns by examining the stock market reaction to the
release of new information. Empirical evidence from this stream of literature has also been contradictory with
findings of both a positive and negative relationship.9 Flammer (2013) highlights that the value of environmental
performance depends on time-variant external pressures and internal factors such as the firm’s historical envi-
ronmental performance. This indicates that one possible reason for the divergence of the previous empirical
research in the area is a lack of contextualisation and supports the need for a contextualised investigation of the
relationship. Our research extends the line of investigation into the link between environmental performance
and financial performance with a consideration of the impact of the time-variant external pressures of the EU
ETS which may alter the perceived materiality of emissions information.

2.3. The EU ETS, environmental news and financial performance

The theoretical relationship between the EU ETS and participating firm’s financial performance could be based
on its impact on real cash flows or by changing the expected returns taking that asset values are determined
by expected discounted cashflows (Williams 1938). First, because EUA are a factor of production for partici-
pating firms, higher EUA demand or prices increase the cost of current and future production, reducing future
cash flows, earnings, and dividends. This cost effect would imply a negative relationship between a firm’s EUA
requirements revealed during emissions verification events and financial performance. Secondly, the EU ETS
could impact the risk premium component of a firm’s discount rate incorporating a level of regulatory risk
(Grosjean et al. 2016) that would not have been present otherwise. Improved current performance could signal
a reduction in future carbon related regulatory risks, boosting financial performance. Indeed, Wen, Bouri, and
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Roubaud (2017) discuss the need for firms to have risk management strategies for carbon risk and investigate
whether energy-related futures can be used to hedge EUA price risk.

Brouwers et al. (2016) implement an event study methodology to investigate the value relevance of emissions
verification announcements on the participating firms in the first two phases of the EU ETS and find that the
first publication of compliance data for each phase resulted in a statistically significant abnormal market reac-
tion while the remaining years had no impact. They attribute these findings to themarket’s perception that there
would be a scarcity of allowances during each of these phases which failed to materialise. The first announce-
ment contained new information about the performance of participating firms that was perceived to be value
relevant due to the anticipation of allocation scarcity and resulting high prices. Hence, the perception of future
scarcity and the increased price of carbon liabilities was a key driver of the market reaction during these first
announcement. Our research extends Brouwers et al.’s (2016) study by examining the value relevance of emis-
sions verification announcements in the third phase of the EU ETS. Additionally, we extend existing research by
examining the market reaction to the firm-specific positive or negative news contained within the announce-
ments using an absolute, industry-relative and expectations-based measure to categorise it. In order to examine
the value relevance of the environmental news contained within the announcements during the third phase of
the EU ETS, we test the following hypotheses:

H1: The release of positive (negative) environmental news about firms participating in the EU ETS triggered positive
(negative) market reactions during Phase 3.

We also use sub period analysis to examine the effects of changes to perceived stringency of the EU ETS
brought about by the announcement of structural changes in the Phase 4 reforms. In order to examine whether
these change which altered the EUA market dynamic also altered the incentives created by the system for firms
to reduce their carbon emissions, we test the following hypothesis:

H2: Changes in the perceived stringency of the EU ETS due to the announcement of the reforms for Phase 4 caused a
significant difference in the market reactions to environmental news about ETS participating firms during Phase 3a and 3b
of the EU ETS.

3. Data andmethodology

3.1. Data

In order to investigate how the publication of verified emissions in the EU ETS affected stock prices of partici-
pating firms during Phase 3, we analyse market reactions on 8 annual event dates between 2014 and 2021. We
investigate this period in particular as major reforms, designed to address previous shortcomings and ineffi-
ciencies that beset the ETS during its first and second phases, were enacted during this time. We analyse the
stock market reactions of the European listed firms with installations covered by the EU ETS during this period.
From the beginning of the third trading period, the monitoring and reporting of greenhouse gas emissions was
required to be in linewith the EUMonitoring andReporting regulations to ensure that themonitoring, reporting
and verification of emissions is complete, consistent, accurate and transparent (European Commission 2015b).
The preceding year’s verified emissions data for all firms are simultaneously published on the Commissions
website. The publication of Phase 3 emissions data took place on the 1st (2014, 2015, 2016, 2019, 2020, 2021)
or 3rd (2017, 2018) of April each year, corresponding to 8 event dates. Two types of data are available for each
installation; the number of free allowances allocated to it and its verified emissions for a given year.

3.1.1. Sample selection
As our study seeks to explore the stock market reaction to EU ETS verification events during the third phase of
the system, our study contains European listed firmswith installations covered by the EUETS during the period.
We matched the emissions data from the Union registry, provided by the Carbon Market Data database,10 to
financial data fromRefinitivDataStream. The installation level emissions and allowance allocation data provided
on the Community Independent Transaction Log by the European Commission was matched to firms which
resulted in a sample of 123 publicly traded firms covering 4139 installations in our sample. As 16,061 installations
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Figure 2. Allocated allowances and verified emissions of sample firms from Phase 1 to Phase 3 of the EU ETS.

have been covered by the EU ETS since its inception, this represents 25.8% of the total number of installations.
However, these 25.8% of installations accounted for 45.43% of the total verified emissions in the entire EU ETS
for 2020. Our sample is heavily weighted towards five countries (Germany, France, Italy, Spain andGreat Britain)
which contain 57% of firms and 64% of installations. However, these countries account for 54% of installations
covered by the EU ETS which shows that our sample is similarly structured to the overall sample.

Table 1 presents the industry composition of the firms in our sample. Firms operating in the sectors Utilities,
Basicmaterials and Energy constitute themajority of our sample as is to be expected as these are themain sectors
covered by the EU ETS. Utilities dominate in the amount of carbon emissions created by the sector at 52% of
the sample, but also of note is the allowance deficit in this sector of 92.95%, meaning that firms in this sector are
emitting almost double the amount of GHGs for which they hold EUAs. This large deficit represents a clear break
with the previous two phases of the EU ETS in which 56.24% (Phase 1) and 47.90% (Phase 2) of free allowances
were allocated to the Utility sector which was responsible for 60% of verified carbon emissions (Brouwers et al.
2016). In aggregate, all sectors except Industrials and Basic Materials have a deficit in allowances during Phase
3 which is contrary to the finding of research on the previous phases in which only Utilities firms were found to
be in deficit (Brouwers et al. 2016). This change is evident in Figure 2 which shows a marked change in deficits
between allowances and emissions for the firms in our sample between the earlier and later stages of the EU
ETS. Figure 2 compares the number of EU ETS allowances to the number of verified emissions for the firms in
our sample in each year from the beginning of Phase 1 in 2005 to the end of Phase 3 in 2020. There is a clear
pattern of an increased allowance deficit from 2013 onwards, which corresponds to the beginning of Phase 3.

3.2. Methodology

3.2.1. Event studymethodology
Stock market event studies are based on the Efficient Market Hypothesis and the premise that stock markets
operate efficiently by reflecting current information and expectations (Hamilton 1995). The new information
contained within an event will be incorporated into stock prices depending on how it is interpreted by the
majority of investors guided by their beliefs about its relevance/materiality (having a positive or negative effect)
or irrelevance/immateriality to company value (Fama 1991). The magnitude and direction of the reaction indi-
cating the evaluation of its impact on the firm’s future financial performance by market actors. However, Lo’s
(2004) ‘Adaptive Market Hypothesis’ highlights that the interpretation of the relevance/materiality of a piece of
information may also evolve over time as markets adapt to changes in the market environment. An evolving
financial ecosystem can alter how factors such as environmental performance are reflected in financial valua-
tions. Therefore, the relationship between environmental and financial performance may be contingent on the
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Table 1. Sample firms by industry and country.

Panel A

Industry
Number
of Firms % Firms Allocated EUA

% Allocated
EUAs

Verified
Emissions

% Verified
Emissions

Allowance
Surplus/ Deficit

Industrials 26 21.14% 926,281,103 31.71% 904,586,267 14.99% 2.40%
Utilities 20 16.26% 208,793,305 7.15% 2,962,407,991 49.08% −92.95%
Energy 19 15.45% 668,186,625 22.88% 1,040,960,169 17.25% −35.81%
Basic Materials 35 28.46% 1,076,284,962 36.85% 1,058,636,991 17.54% 1.67%
Consumer goods 17 13.82% 27,263,099 0.93% 53,472,233 0.89% −49.01%
Health Care 5 4.07% 13,959,076 0.48% 15,679,828 0.26% −10.97%
Telecommunications 1 0.81% 5,272 0.00% 7,008 0.00% −24.77%
Total 123 2,920,773,442 6,035,750,487 −51.61%

Panel B

Country
Number of

Firms % Firms Benchmark Equity Index

Austria 8 6.50% AUSTRIAN ATX PRIME
Belgium 7 5.69% BEL 20
Czech Republic 1 0.81% PRAGUE PX
Denmark 2 1.63% OMX COPENHAGEN
Finland 6 4.88% OMX HELSINKI
France 17 13.82% FRANCE CAC 40
Germany 19 15.45% DAX
Hungary 2 1.63% BUDAPEST
Ireland 1 0.81% ISEQ
Italy 9 7.32% FTSE MIB INDEX
Lituania 1 0.81% OMX VILNIUS
Netherlands 4 3.25% AEX INDEX
Norway 3 2.44% OSLO SE OBX
Poland 3 2.44% WARSAW SE WIG 30
Portugal 3 2.44% PORTUGAL PSI-20
Romania 2 1.63% ROMANIA BET
Slovakia 1 0.81% SX SAX
Spain 12 9.76% IBEX 35
Sweden 6 4.88% OMX STOCKHOLM
Switzerland 2 1.63% SWISS MARKET INDEX
UK 14 11.38% FTSE 250

Notes: In this table we show a breakdown of our 123 firms by industry and by country. In Panel A, within each industry, we report the number of
allocated allowances and verified emissions, each of which represent 1 t of Greenhouse Gasses, and the percentage allowance surplus or deficit,
calculated as (Allocated EUA – Verified Emissions) /Verified Emissions. In Panel B, we list the number of firms in each country and the benchmark
equity index for each country.

context. Hence, an examination of similar events in different contextual settings offers insights into how con-
text shapes the materiality of information to market actors. Event studies have been widely applied in studies
of stock market responses to negative and positive information (Burton, Kumar, and Pandey 2020) such as cor-
porate social responsibility and irresponsibility (Groening and Kanuri 2018), corporate crime (Song and Han
2017), and EUA trading behaviour (Guo et al. 2018).

We use an event study methodology to analyse the impact of the 8 EU ETS emissions verification announce-
ments on stock market returns of participating firms during the third phase of the system. Following the event
study literature (Krüger 2015; Loipersberger 2018), we derive the expected returns for the event period using a
standard market model in accordance with MacKinlay (1997) that is estimated over 200 trading days ending 20
days prior to the event date for the 8 emissions verification events. A single factor model is chosen as the gains
from employing multifactor models for event studies are limited (MacKinlay 1997).11 We then calculate the
abnormal returns over the event window to examine whether the event had a significant impact on stock prices.
To estimate the expected stock returns, the daily stock returns of firm i are regressed on the market returns over
the estimation window (day −220 to day −21):

Rit = αi + βiRmt + εit , tε[−220,−21], i = 1, 2, . . . ,N
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Where Rit is the return on stock i on day t and Rmt is the market returns on day t. αi, a constant term for
firm i, and βi, the slope of the characteristic return of firm i, are OLS estimates, and εit is the error term. We
use the benchmark country indices for each country, as listed in Table 1, as our market proxies to estimate
the relationship between individual stock returns and the market within the estimation period. The abnormal
returns (AR) for stock i on day t is given by

ARit = Rit − αi − βiRmt

The stock prices used to calculate the abnormal returns are the daily closing prices as these should reflect the
impact of the event on day zero. To estimate the total impact of the event over the entire event window, the daily
abnormal returns are aggregated into the cumulative abnormal return (CAR) for stock i.

CARi(τ1, τ2) =
τ2∑

t=τ1

ARit

Where τ1 and τ2 denote the beginning and end of the event window.
As the focus of our research is on the aggregate effect of the event on participating firms as opposed to a single

firm, we estimate the average abnormal return (AAR) across all firms:

AAR = 1
N

N∑
t=1

ARit

The average abnormal return is then aggregated into the cumulative average abnormal returns (CAARs) to
capture the total impact of the multiple observations across the entire event window:

CAAR =
τ2∑

t=τ1

AARt

We use the following event windows to capture possible leaks in information and to reflect possible delays
in the incorporation of the information into the stock price: (−1,+ 1), (0,+ 1), (0,+ 2), (0,+ 3) and (0,+4).
We implement a short event window to minimise confounding effects (McWilliams and Siegel 1997) but allow
some time for the information to influence investors decisions and trigger a market reaction due to the complex
nature of the information. A relatively short event window also essentially eliminates the effect of company
characteristics such as size, profitability or leverage, which were already known and were unlikely to change
substantially over a very short period (Adamska and Dąbrowski 2021).

We assess the event date abnormal returns for statistical significance relative to the distribution of abnormal
returns in the estimation period. One commonmethod is to test for statistical significance using paramedic tests
that assume abnormal returns are normally distributed (Corrado 2011). However, the fact that the validity of the
test depends critically on the assumption that stock returns are normally distributed has spurred the develop-
ment of non-parametric tests which rely on no such assumption and avoid imprecise inference in the presence
of non-normally distributed security returns. Campbell and Wesley (1993) find that the non-parametric rank
test by (Corrado 1989) was well specified with Nasdaq data while parametric event study tests were poorly spec-
ified. Furthermore, Corrado and Truong (2008) find that the rank test introduced in Corrado (1989) and further
adjusted for cross-sectional variance in Corrado and Zivney (1992) has the best specification overall withUnited
States and Asia Pacific market returns data.

Additionally, cross sectional correlation may lead to downward-biased estimates in the standard errors of
regression coefficients and consequently overstated t-statistics when the event takes place at the same time for
all firms (Brouwers et al. 2016). As verified emissions announcements are simultaneous across all firms, we
mitigate the impact of cross-sectional correlation and event induced volatility (Corrado and Zivney 1992) in
addition to reducing the possibility of misspecification from the presence of non-normally distributed data by
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using the non-parametric rank test adjusted for cross-sectional variance in Corrado and Zivney (1992) to test
the significance of the events in this study.

For our first hypothesis, we examine whether a market reaction is triggered in the stocks of publicly traded
EU ETS participating firm when new information about their demand for EUAs is published. As the sign of
the reaction is irrelevant to both hypotheses, we test whether cumulative average abnormal returns are signif-
icantly different from zero. Once our research has examined the relevance of these event, we analyse the effect
of environmental news (Positive and Negative) and test the null hypothesis of no price reaction against a signed
alternative in the remaining models.

3.2.2. Categorisation of firms by environmental performance news
In order to investigate the market reaction to the heterogeneous changes in environmental performance of
participating firms, we categorise the firm-specific information released on the verification event date as pos-
itive or negative news using three methods; 1. Absolute Environmental Performance – the change in a firm’s
allowance surplus/deficit which can also be expressed as the increase or decrease in their uncovered carbon
liability, 2. Industry-Relative Environmental Performance – the change in a firm’s industry-relative allowance
surplus/deficit, and 3. Expectations-Relative Environmental Performance – the change in a firm’s verified
emissions and relative to expectations.

As Clarkson et al. (2015) find that market participants pay attention to a firm’s uncovered carbon liability,
the amount of emissions that exceed free allowances, as opposed to its absolute level of emissions within the
EU ETS, we measure Absolute Environmental Performance as the change in a firm’s allowance surplus since
the previous year with firms categorised as positive or negative based on the sign of the change (1).12 The news
from the absolute measure entails both an immediate direct financial cost for the firms as a firm with negative
performance would have to increase their purchase of EUA’s to cover the increased carbon liability (or have
fewer EUAs to sell) and also signalling an increase in future carbon liabilities.

Firms’ internal and industry characteristics may also impact the perspectives taken by investors on the rel-
evance of our environmental performance news. A firm’s emissions reduction performance should be judged
against the performance of others in the same industry as the availability of carbonmitigationmeasures, carbon
intensity, regulatory constraints, asset composition, the composition of cashflows for investments etc. are indus-
try specific. Additionally, the ability of a firm to pass on the carbon compliance costsmay also rely on its industry
relative carbon performance with the most carbon efficient firms being able to pass on a larger proportion of the
cost without becoming un-competitive. Hence, positive (negative) news of a reduction (increase) in the relative
size of a firm’s EUA or carbon liability represents an increase (decrease) in its relative carbon efficiency and
competitiveness. Industry-Relative Environmental Performance is measured as the change in a firm’s industry
relative allowance surplus/deficit since the previous year with firms categorised as positive or negative based on
the sign of the change (2).13

Gupta and Goldar (2005) note that the provision of new information about the carbon performance of a
firm may cause abnormal changes in its stock price when the information deviates from investor’s expecta-
tions and is perceived to impact profitability. Hence, absolute changes in emissions may matter less if these
changes were expected and hence already included in the stock price previous to the event. Hence, we com-
pare a firm’s change in emissions in a given year to the change in emissions that may be expected based on the
historical verified emissions changes of the firm. We create a measure of Expectations-Relative Environmen-
tal Performance which is the average percentage verified emissions reduction over the previous five years (3).
The standard deviation of the percentage emissions reduction is also calculated over the same five-year period
and firms are classified into one of four groups based on their observed performance relative to our measure
of expectations in a given year. Firms which perform worse than their average performance over the previous
five years (expectations) are categorised into two groups, firm with negative performance within one standard
deviation of expectations are classified as negative while firms with a negative performance greater than this are
classified as very negative. The samemethod of classification is applied to positive firms. The use of these group-
ings allows us to examine whether more extreme deviations from expectations elicit more pronounced market
responses.
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Table 2. Description of the Environmental Performance Measures.

Environmental
Performance Measure Environmental Performance Calculation

Environmental Performance
Categorisation

Allowance surplus
(Carbon Liability)

Allowance Surplus (AS)it =
Allocated Allowances(AA)it − Verified Emissions(VE)it

Verified Emissions(VE)it
(1) Absolute
Performance

�ASit = ASit − ASit−1 Positive Absolute Performance:
�ASit > 0

Negative Absolute Performance:
�ASit < 0

Industry Relative
Surplus

Industry Relative Surplus (RS)it = ASit − Average Industry surplusit
Where:
Average Industry surplusit =
Allocated Allowances to Activityt − Verified Emissions of Activityt

Verified Emissions of Activityt
(2) Industry-Relative
Performance

�RSit = RSit − RSit−1 Positive industry-relative performance:
�RSit > 0

Negative industry-relative
performance:�RSit < 0

Change in Emissions
relative to previous 5
years’ changes

E(�VE)it = 1

5
(�VEit−1 + �VEit−2 + �VEit−3 + �VEit−4 + �VEit−5)

σit =
√√√√ −5∑

i=−1

(VEit − VEi)
2

5

(3) Expectations-
Relative
Performance

SD1Pit = E(�VE)it − σit Very Negative:�VEit > SD1Nit

SD1Nit = E(�VE)it + σit Negative: E(�VE)it < �VEit ≤ SD1Nit
where SD1P indicates a change of 1 standard deviation below the 5 year
average change, and SD1N indicates a change of 1 standard deviation
above the 5 year average change.

Positive: E(�VE)it > �VEit ≥ SD1Pit
Very Positive:�VEit < SD1Pit

Note: This table shows the calculation of our performance measures and how they are used to categorise firms. Firstly, we show howwe calculate
a firm’s allowance surplus relative to its verified emissions (which we also refer to as its Carbon Liability). Our first measure of environmental
performance measures the annual change in a firm’s allowance surplus. We then show how we calculate the firm’s industry-relative allowance
surplus. Our secondmeasure of environmental performancemeasures the annual change in a firm’s industry-relative surplus. Our thirdmeasure
of environmental performance measures the change in verified emissions relative to the previous 5 years’ changes. Finally, in the right hand
column with present our categorisations for each measure.

Table 3. Performance Measures by Industry.

(3) Expectations-Relative Performance

Industry Obs.
(1) Positive Absolute

Performance
(2) Positive Industry-Relative

Performance Very Negative Negative Positive Very Positive

Industrials 208 75 113 36 61 76 35
Utilities 160 41 100 40 45 38 37
Energy 152 66 83 17 53 44 38
Basic Materials 280 119 148 33 91 109 47
Consumer goods 136 37 61 19 39 40 38
Health Care 40 14 24 5 10 14 11
Telecommunications 8 2 3 1 2 1 4
Total 984 354 532 151 301 322 210
% 36% 54% 15% 31% 33% 21%

Notes: In this table we present the average of each of our 3 environmental performance measures for the firm-year observations within each
industry using the categorisations in Table 2.

In Table 2 we describe how we create each of these 3 measures. In Table 3, using the categorisations of each of
the measures created above, we show the performance of our sample firms within different industries over the
period covered by Phase 3, 2013–2020.

In order to test our second hypothesis which relates to the impact of the changing dynamics of the market
between Phase 3a and Phase 3b, we split our sample into two periods as changes in the structure of the EU ETS
system may alter investors perception of the future cost of emissions and benefits (drawbacks) of good (poor)
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Table 4. Event Study Results for EU ETS Emissions Verification Event Dates.

Event: CAAR[−1,+ 1] CAAR[0,+1] CAAR[0,+2] CAAR[0,+3] CAAR[0,+4]

2014 (2013 Emissions) −0.0007 −0.0021 −0.0034 −0.0027 −0.0021
−0.7932 −1.2768 −1.4867 −1.1969 −0.7464

2015 (2014 Emissions) −0.0012 0.0000 0.0003 0.0009 0.0041
−0.5033 0.2705 0.3885 0.4431 1.1089

2016 (2015 Emissions) 0.0071 0.0055 0.0051 0.0026 0.0035
0.9091 1.0363 0.7533 0.3402 0.6923

2017 (2016 Emissions) −0.019 −0.0024 −0.0017 −0.0075 −0.0052
−0.3506 0.2672 0.8808 −0.0841 0.3368

2018 (2017 Emissions) −0.0028 −0.0027 −0.0003 0.0027 0.0003
−0.3768 −0.4585 0.2237 1.0631 0.8283

2019 (2018 Emissions) 0.0111 0.0081 0.0091 0.0099 0.0128
1.921∗ 2.0917∗∗ 1.9496∗ 1.304 1.8367∗

2020 (2019 Emissions) 0.0258 0.0141 0.0156 0.0184 0.0195
2.9219∗∗∗ 2.3973∗∗ 2.4922∗∗ 2.0751∗∗ 1.6784∗

2021 (2020 Emissions) −0.0071 −0.003 −0.0034 −0.0022 −0.0015
−0.8312 −0.2405 −0.0116 0.3979 0.6757

Note: This table shows the Cumulative Average Abnormal Returns (CAAR) for different event windows sur-
rounding verification event dates in Phase 3 of the EU ETS. The second line reports a Corrado Rank test
statistic (Corrado 1989). Significancemeasures are two-tailed and p values are indicated as follows: ∗p < 0.1;
∗∗p < 0.05; ∗∗∗p < 0.01.

environmental performance. The first sub period is classified as the Phase 3a and includes the publication of data
for the years 2013–2016 which were release in the years from 2014 to 2017. The second subperiod is classified
as Phase 3b and includes the publication of data for the years 2017–2020 which were release in the years from
2018 to 2021.

4. Findings

4.1. Market reactions to the EU ETS verification events

In this section we examine the market reaction to EU ETS emissions verification events for publicly traded
participating firms. We start by examining the overall market reaction by year over four event windows rang-
ing from (−1,+ 1) to (0,+ 4) for each publication of Phase 3 data. We then examine the market reaction to
the publication of information about a firm’s verified emissions across the entire period and over our two sub
periods.

Table 4 lists the cumulative average abnormal returns (CAARs) for the 8 different verification event dates
of the EU ETS for Phase 3 (2013–2020). The results indicate that stock prices only react significantly to the
publication of 2018 emissions data in 2019 and to 2019 emissions data in 2020. The publication event in 2019
resulted in a positive and significantmarket reaction for participating firms across four of the five event windows
with CAARs ranging from 0.8% to 1.3%. The positive market reaction may be attributed to the overall positive
performance of the participating firms who reduced their emissions by 5.7% compared to the previous year’s
publication which represented the largest drop in emissions up to that point in Phase 3. In 2020, themarket reac-
tion was positive and significant across all event windows with CAARs ranging from 1.4% to 2.6%. The overall
reduction in emissions from the previous year was substantial at 11.1% with the COVID crisis a probable cause
for the outsized reduction. However, as this reduction coincides with a reduction in the required expenditure on
EUAs for the firms involved, markets reacted positively to the reduction in this liability. In 2021, no significant
market reaction is registered across all event windows even though the overall decrease in emissions reported
was−7.8%.However, the average reduction in firm level emissions reported in 2021was a less substantial−2.6%
whichmay account for the insignificantmarket reaction and highlights the importance of considering firm-level
emissions measures when analysing the market reaction to these events.
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Table 5. Absolute and Industry-Relative Environmental Performance.

Absolute Performance CAAR[0, 1] CAAR[0, 2] CAAR[0, 3] Relative Performance CAAR[0, 1] CAAR[0, 2] CAAR[0, 3]

Panel A: Full sample Panel A: Full sample
Negative 0.0021 0.0022 0.0014 Negative 0.0029 0.0025 0.003

0.9616 1.297 0.8752 1.3607 1.0179 1.3011
Positive 0.0023 0.0034 0.0052 Positive 0.0025 0.003 0.0015

1.4654 1.8205∗ 1.8081∗ 1.6965∗ 1.5338 1.1325
Panel B: 3a Panel B: 3a
Negative 0.0011 0.0006 −0.0007 Negative 0.0017 0.0009 0.0002

0.0002 0.012 −0.5193 0.4657 0.2409 −0.2051
Positive −0.0016 −0.0011 −0.0038 Positive −0.0008 −0.0006 −0.0031

0.4082 0.6873 0.3695 −0.0629 0.2853 −0.1806
Panel C: 3b Panel C: 3b
Negative 0.0034 0.0042 0.0039 Negative 0.0041 0.0045 0.0045

1.406 1.879∗ 1.8897∗ 1.2857 1.56 1.5079
Positive 0.0052 0.0068 0.0119 Positive 0.0042 0.006 0.0098

1.6133 1.868∗ 2.0923∗∗ 1.7541∗ 2.2172∗∗ 2.4723∗∗

Note: This tables shows the Cumulative Average Abnormal Returns (CAAR) for different event windows surrounding verification event dates for
Phase 3 with firms grouped by their absolute and industry-relative carbon liability reduction performance (measures 1 and 2). Panel A reports
the findings for the entire sample of verification events from 2014 to 2021. Panel B reports the results for the Phase 3a period which includes
the events from 2014 to 2017. Panel C reports the findings for the Phase 3b period which includes the events from 2018 to 2021. The second
line reports a Corrado Rank test statistic (Corrado 1989). Significance measures are two-tailed and p values are indicated as follows: ∗p < 0.1;
∗∗p < 0.05; ∗∗∗p < 0.01.

4.2. Firm-Specific performance news

The above analysis examines the entire sample of firms without considering the heterogenous nature of the
firm-level information that was revealed. Hence, the overall CAARs reported above may be subdued as they
represent the average market reaction to both positive and negative firm level news. To gain further insight into
the market reaction to these events, we segregate the sample based on whether the published verified emissions
data represented positive or negative news about each firm’s environmental performance. This allows us to
investigate whether firms are rewarded with higher returns for a reduction in their carbon liabilities and/or
carbon emissions and vice versa. We use the categorisations listed in Table 2, to differentiate between positive
and negative news, for each of our three measures; Absolute Performance, Industry-Relative Performance, and
Expectations-Relative Performance.

Table 5 presents the cumulative average abnormal returns over three event windows (0,1), (0,2) and (0,3) for
firms in our sample categorised by their Absolute and Industry-Relative performance in Phase 3 and for the
two sub periods, Phase 3a and 3b.14 Panel A presents our findings for the entire sample and shows that posi-
tive absolute performance is on average rewarded by a 0.3% and 0.5% increase in returns over a three-day and
four-day event window respectively at a 10% level of significance. Conversely, negative absolute performance
which represents an increase in the firm’s carbon liability has no corresponding negative effect on returns. This
asymmetric market reaction is mirrored in our findings when industry-relative performance is used with posi-
tive news resulting in a positive market reaction over a two-day window at a 10% level of significance while all
others are insignificant. The lack of symmetry in the reaction to the emissions performance may indicate that
markets are not just reacting to the increased/reduced current carbon liability but also to the signalling effect
that positive performance may entail.

In Panels B and C of Table 5, we test the market reaction to absolute and relative performance in the two
subsamples and find clear divergence in our results. In Panel B, we find a lack of significance across all measures
and event windows during Phase 3a from 2013 to 2017. This indicates that a firm’s level of absolute and relative
performance during this period was not considered relevant/material information to firm valuation. In contrast,
significant market reactions are present in Phase 3b. For both positive and negative absolute performance, we
find positive CAARs that range from0.39% to 0.42% for negative performers and from0.68% to 1.2% for positive
performance. The larger increase for firms with positive performance could be attributed to their reduction
in carbon liabilities in addition to the signalling effect of increased future performance. However, the positive
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impact of negative absolute performance defies this interpretation and may point to the importance of judging
performance on a relative basis due to the continual reductions in the EUA free allocations over the period.

The relative performance measure in phase 3b provides a clearer picture with positive performance resulting
in positive returns across all event windows with CAARs ranging from 0.42% to 0.98% at various levels of sig-
nificance while negative performance results in non-significant returns. The lack of symmetry in the reaction to
the emissions performance mirrors the findings of the full sample and lends further support to the conjecture
that the relationship is driven by more than just the implied cost of carbon liabilities. These findings highlight
stark differences between the two periods of Phase 3 and point to the increased value-relevance of positive per-
formance in Phase 3b. This supports our second hypothesis that the verification events during Phase 3a and
Phase 3b of the EU ETS triggered different market reactions to environmental performance news. It also lends
support to the findings of Jia et al. (2020) regarding a structural break in the EU ETS in the middle of phase 3
by highlighting that it not only altered the price dynamics of EUAs but also the perception of market actor on
the financial implications of positive environmental performance.

In Table 6, we categorise the information released on the event dates by the change in emissions relative to
expectations with firms grouped by the degree of the deviation from the expected change, using the categori-
sations listed in Table 2. Panel A of Table 6 displays the results of our analysis of the impact of deviations from
expected performance for the entire sample. We find a significant negative market reaction occurring for firms
with very negative news about their change in emissions relative to expectations, across a three- and four-day
window at a 10% level of significance and CAARs ranging from−0.45% to−0.5%. The group with very positive
news displays the opposite relationship with positive CAARs ranging from 0.33% to 0.73% registered across a
three- and four-day event window at a 10% and 5% level of significance respectively. The other two groups, rep-
resenting 66.8% of the sample, display a near identical relationship with positive CAARs of similar magnitudes
but with a greater level of significance for the negative group. While it might be expected that negative perfor-
mance would elicit a negative market response, the fact that the performance is within one standard deviation
of expectations may reduce its impact.

Panels B and C of Table 6 investigates whether the market reaction differs between Phase 3a and 3b. As with
our previous analysis, a clear difference between the two periods can be observed with the level of performance
in Phase 3a being inconsequential across all groups and event windows. This contrasts with an increased impact
in terms of strength and significance across many of the groups in Phase 3b. We find a stronger market reaction
for firms with both very positive and very negative news. Very negative news on average results in a −0.82%
CAAR across a two-day event window at a 5% level of significance and a −0.73% CAAR across a three-day
window at a 10% level of significance. Very positive news also resulted in more pronounced gains with a CAAR
of 0.5% at a 5% level of significance for a two-day event window increasing to 1.2% at a 1% level of significance
across a 4-day event window. As with the full sample, the two middle groups display positive CAARs, although
of slightly greater size and significance.15

These results compound the observation resulting from our previous analysis of the importance of consider-
ing the two periods separately due to a change in the EUA market dynamics (Jia et al. 2020) which have altered
themarket perception of the value of participating firms’ carbon emissions. This lends further support to our sec-
ond hypothesis. They also highlight that major deviations from expectations during the latter period resulted in
positive and negative market reactions which indicates that firms are rewarded when they makemajor improve-
ments to their carbon efficiency and suffer losses when they underperform expectations by a substantial amount.
This confirms the finding of previous studies related to the positive relationship between environmental news
and stock returns (Capelle-Blancard and Laguna 2010; Capelle-Blancard and Petit 2019; Flammer 2013) and
may be the most comparable measure of performance to these studies as they examine the effect of substantial
news such as environmental awards or disasters whichwould be akin to very positive or negative news. However,
the inconsistency between the two sub periods in our sample highlights the importance of institutional context
and external pressures on the valuation of environmental performance which is also found to be a significant
factor in other financial market contexts (Chiaramonte et al. 2021).

Our findings suggest that the emissions verification event only became relevant to the equity investors of
participating firms in Phase 3b. Two possible inter-related explanations could possibly account for this change
in significance, the increased direct carbon liability due to the higher EUA price and an increase in the market
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Table 6. Emissions Reduction Performance Relative to Expectations.

Emissions change relative to expectations CAAR[0, 1] CAAR[0, 2] CAAR[0, 3]

Panel A: Full sample
Very Negative −0.0032 −0.0045 −0.005

−1.6155 −1.6509∗ −1.7861∗
Negative 0.0025 0.0041 0.0032

1.5314 2.2492∗∗ 1.9671∗∗
Positive 0.004 0.0043 0.0032

1.5459 1.7282∗ 1.0952
Very Positive 0.0023 0.0033 0.0073

1.5778 1.8031∗ 2.3093∗∗

Panel B: 3a
Very Negative −0.0002 −0.0029 −0.0035

−0.189 −0.8452 −1.0989
Negative 0.0005 0.0016 0.0007

0.7197 1.501 1.3077
Positive 0.0014 0.0013 −0.0027

0.2965 0.2576 −0.6164
Very Positive −0.0026 −0.0021 −0.0009

−0.7518 −0.4827 −0.1355

Panel C: 3b
Very Negative −0.0082 −0.0073 −0.0076

−2.5511∗∗ −1.6631∗ −1.5352
Negative 0.0048 0.0069 0.0061

1.4593 1.6468∗ 1.4459
Positive 0.0067 0.0072 0.0092

1.8983∗ 2.1977∗∗ 2.2213∗∗
Very Positive 0.0052 0.0064 0.012

2.188∗∗ 2.2835∗∗ 2.6515∗∗∗

Note: This tables shows the Cumulative average abnormal returns for the different win-
dows surrounding verification events for Phase 3 with firms grouped by their emissions
reduction performance relative to expectations (measure 3). Expectations are calculated
as the average emissions reduction over the previous five years and firms are grouped
based on the whether their observed performance is within one standard deviation of
expectations (positive or negative) or greater than one standard deviation away from
expectations (very positive or very negative). Panel A reports the findings for the entire
sample of verification events from 2014 to 2021. Panel B reports the results for the Phase
3a period which includes the events from 2014 to 2017. Panel C reports the findings
for the Phase 3b period which included the events from 2018 to 2021. The second line
reports a Corrado Rank test statistic (Corrado 1989). Significancemeasures are two-tailed
and P values are indicated as follows: ∗p < 0.1; ∗∗p < 0.05; ∗∗∗p < 0.01.

expectations of future environmental regulatory stringency. As the EUAprice was found to be driven by political
considerationswith the expectation of weaker regulations depressing the price in the Phase 3a period, the reverse
market sentiment may be present in the Phase 3b period. Hence, improved current emissions reduction perfor-
mance would signal a positive trajectory for the firm into a future of stricter environmental regulations. The
asymmetric nature of our findings related to the treatment of performance may point to the greater importance
of the second factor as an increased direct current carbon cost should weigh equally for positive and negative
performance.

5. Conclusion

This research examines the evolving impact of the EU ETS on the valuation of participating firms by examining
whether events that contain demand information about themarket and its participants provoke an equitymarket
reaction in the days following the announcements. As incremental managerial decisions and actions related to a
firm’s environmental performance are not easy to observe and evaluate (Klassen andMcLaughlin 1996), a single
discrete event can signal these changes and alter themarket’s perception of performance. Hence, we use an event
study methodology to gauge the markets interpretation of firm specific emissions related environmental news
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during Phase 3 of the system. The publication of verified emissions for participating firms represents newswhich
can be positive or negative depending on their performance, therefore our research contributes to the body of
research which examines the stock market reaction to environmental news (Capelle-Blancard and Petit 2019;
Flammer 2013; Lioui and Sharma 2012; Oberndorfer et al. 2013). We also examine whether changes to the EU
ETS altered the market reaction to firm-specific environmental performance news by splitting our sample into
two periods during Phase 3.

Our findings suggest that the emissions verification event only became relevant to equity investors in par-
ticipating firms in the latter Phase 3b period beginning in 2018. Two possible inter-related explanations could
account for the change in significance between the two periods – the increased direct cash flow effect of their
carbon liability due to the higher EUA price and an increase in the market expectations of future environmen-
tal regulatory stringency which embedded political risk in participating firms’ discount rate. The turning point
between these periods has been linked to the announcements of the revision to the system for Phase 4 of the sys-
temwhichmay have altered the actual and perceived future EUA scarcity (Bruninx et al. 2019). The introduction
of the market stability reserve’s cancellation policy as part of the Phase 4 revisions increased the perception of
scarcity by reducing the overall cap and puncturing the waterbed (Gerlagh, Heijmans, and Rosendahl 2020). The
introduction of these reforms also demonstrated that the oft questioned political will to tackle climate change
in the EU was present which increased the probability of future price increasing regulatory intervention (Salant
2016). Our findings indicate that these changes altered the equity markets perception of the materiality of car-
bon emissions news to financial performance, aligning the incentives these markets create with the intended
purpose of the EU ETS.

The asymmetric nature of our findings, for positive and negative changes in absolute and industry rela-
tive emissions, may point to the greater importance of the signalling that positive performance implies as an
increased direct current carbon cost should weigh equally for positive and negative performance. A symmet-
ric relationship between emissions reduction news and returns was only found for large positive and negative
changes relative to expectations, confirming previous findings (Capelle-Blancard and Laguna 2010; Capelle-
Blancard and Petit 2019; Flammer 2013). However, the inconsistency between the two sub periods in our sample
provides an explanation for the inconsistences in previous research investigating the impact of environmental
news on stock returns (Wang et al. 2019) by highlighting the importance of institutional context and external
pressures on the relationship.

Our research extends previous research on the EU ETS which evaluated its impact on the financial perfor-
mance of publicly traded participating firms in Phase 1, Phase 2 and the first half of Phase 3 of the ETS (Andreou
and Kellard 2021; Brouwers et al. 2016; Jong, Couwenberg, and Woerdman 2014). The operation of Phase 3 of
the ETS differs considerably from previous phases and this study is, to the best of our knowledge, the first to
examine how these changes impact the market reaction to the publication of verified emissions data of par-
ticipating firms. Additionally, previous research on the impact of EU ETS publication events on firm returns
examined the divergent reactions of categories of firm such as firms with more or less emissions than allocated,
lower or higher emissions shortage compared to an industry median or, a high or low level of carbon intensity
(Brouwers et al. 2016; Jong, Couwenberg, and Woerdman 2014). This research contributes a unique approach
by examining the divergent reaction of firm returns based on the nature of the firm-specific emissions-related
news, that is whether positive or negative, including the change in a firm’s emissions surplus, industry-relative
emissions surplus and emissions relative to previous years which is unique in the literature.

This paper makes a major policy-related contribution by highlighting the increased effectiveness of the EU
ETS in shaping the market reaction to news about emissions-related environmental performance. It provides
policy makers with an evaluation of the incentives created by the EU ETS over its third phase which can inform
the revisions and design of other Cap-and-Trade systems. In particular, it highlights the importance of a mecha-
nism tomake Cap-and-Trade systems robust to external shocks to reduce uncertainty about the future strictness
of the system. The introduction of the Market Stability Reserve with a cancellation policy provided this mecha-
nism for the EUETS and resulted in the system achieving its intended objective of providing a financial incentive
for firms to reduce their emissions. It also highlights the importance of perceived political will in shapingmarket
outcomes. The announcement of the EU ETS reforms dispelled the perception of a lack of political will to make
the system effective. The announcement of the reforms rather than enactment of reforms had an immediate
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impact on the pricing dynamics, bringing forward the impact of future policy changes. Policy makers should be
aware, not only of the effect of announcements of reforms onmarket valuations, but also of the effect of expected
changes in the institutional context and external pressures on the valuation of environmental performance in
financial markets.

Our research also provides some insight into the EUETS for participating firms by highlighting the increasing
market attention to emissions data with news of positive environmental performance increasing returns inmore
recent years. This may inform firms’ future investment decisions, stimulating long-term investment decisions
in low-carbon technologies, if announcements of reductions in their carbon liability are positively reflected in
market returns. The announcement of these investment decisions may have positive implications for the risk
premium expected by investors. Our findings also highlight the increased exposure of participating firms to
political risk and expected policy changes which should be considered in their strategic planning and investment
decisions.

Our sample is limited to publicly traded firms that emit close to half of the emissions covered by the scheme,
this means that the impact of the system on smaller privately held or governmental firms is absent from our
analysis. Future research could investigate whether the financial incentives created by the system are the same
for non-listed participating firms.

While our study examines the impact of firm emissions reduction performance on market reactions, other
firm and industry characteristics could moderate the reaction to news related to environmental performance
which presents fertile ground for future research in the area. Additionally, a key finding of this study is the context
specific nature of the incentives created by the system which belies that fact that the nature of the incentives will
change as the EU ETS and the environmental policy environment continues to evolve further. Further research
will be required to examine the incentives created by the EU ETS in later stages of its development.

Notes

1. The EU ETS has developed through a number of Phases governed by an evolving set of rules and regulations. Phase 3
(2013–2020) introducedmajor structural changes to the system as compared to Phases 1 (2005–2007) and Phase 2 (2008–2012)
while the current Phase 4 (2021–2030) involves a further tightening of the system.

2. Using an event study methodology, we investigate the market reaction to a number of political events relating to the revisions
of the system which we identify as a possible inflection point between the two periods and find evidence of a significant market
reaction. This further supports the rationale behind an examination of the two periods. Results available on request.

3. The quantity of allowances that will result in the overall level of emissions equalling the cap is distributed via free allocations and
a primary EUAmarket based on auctioning. Participating firms must surrender one EUA for every tonne of GHGs emitted in a
given year or pay a fine. Firms with a deficit (surplus) of EUA to cover their emissions can also buy (sell) them in the secondary
EUA market.

4. The MSR is a rules-based mechanism that is intended to address the imbalances between supply and demand in the market by
adjusting auction volumes in response to allowance surplus thresholds (Vivid Economics 2020).

5. According to economic theory, price formation in the EU ETS should be driven by supply and demand derived market funda-
mentals such as coal and gas prices as well as economic activity that impact the marginal abatement cost and stringency of the
cap (Friedrich et al. 2020). However, a review of the empirical literature by Friedrich et al. (2020) concludes that fundamental
price drivers such as these have relatively little explanatory power and that the price is driven by other factors.

6. As the verified emission data from the EU ETS that is released each year relates to the previous year, Phase 3a includes the
verification events occurring in 2014, 2015, 2016 and 2017 which reports the emissions data for 2013, 2014, 2015, and 2016
respectively. Phase 3b includes the verification events occurring in 2018, 2019, 2020 and 2021 which report the emissions data
for 2017, 2018, 2019, and 2020 respectively.

7. The use of emission data from the EU ETS has the advantage of being verified by a third party which negates some of these
objectivity concerns as well as leakage concern related to the environmental news event study stream of literatures use of the
inclusion in sustainability indexes or environmental awards as environmental news in their studies.

8. Stock splits are an oft-used example of the signalling effect of events as they should be irrelevant to valuation but have been
found to result in a positive stock market response due to the signal of higher future earnings that markets perceive them to
convey (McNichols and Dravid 1990).

9. More recently, researchers have focused on the impact of news related to a firms sustainability, inclusive of environmental
performance, on stock returns by examining the market reaction to inclusion and exclusion in sustainability indexes (Adamska
andDąbrowski 2021). This line of investigation has also resulted in substantial heterogeneity of results. Adamska andDąbrowski
(2021) propose that one reason for the divergence in the finding is related to the institutional environment.

10. Carbon Market Data is a carbon market research company and data vendor.
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11. Alternatively, the Fama-French French Three-Factor model using European factors was used to generate abnormal returns. The
results of the event studies using these estimates are comparable to the single factor model. Results available on request.

12. We calculate a firm absolute surplus or deficit of allowances as a percentage of its total emissions covered by its free allowances.
Absolute Surplus = (Free Allowances- Verified Emissions)/Verified Emissions.

13. A firm’s industry relative allowance surplus is calculated by subtracting the average industry surplus from the firm’s allowance
surplus/deficit in a given year. The average industry surplus/deficit is created by combining average activity-level emissions and
allocated allowance data in proportion to the number and type of installations for each firm.

14. We also tested the relationship over (−1,1) and (−1, 0) which were found to be insignificant andmay indicate a lack of informa-
tion leakage prior to the event and a delayed response in its incorporation into the market price. Additionally, a (0,4) window
was also implemented with insignificant reactions across most models. Results are available on request.

15. The similarity of the two middle groups which are within one standard deviation of expectations may be impacted due to the
variance within this group. In order to increase the robustness of our study, we further disaggregate our sample and rerun the
analysis. We create an additional group which we categorise as ‘Expected’ and includes the firms that were close to expected
performance (−1/2 standard deviation: +1/2 standard deviation) and reduce our Negative and Positive groups to those firms
that had negative/positive performance greater than 1/2 standard deviations and less than or equal to 1 standard deviation
below/ above expectations. The Negative group’s CAARs become insignificant in Phase 3b, while the Positive group have a
negative CAAR of 1.8% at a 10% level of significance across a four-day window and positive CAARs of 0.88% and 0.97% at a 5%
level of significance across a two- and four-day event window respectively. Surprisingly, the firms in the Expected group also
registered positive CAARs of 0.8% in Phase 3b across a three- and four-day event window at a 5% level of significance. Results
available on request.
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