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Environmental versus economic performance in the EU ETS
from the point of view of policy makers: a statistical analysis

based on copulas

Abstract

The European Union Emissions Trading System (EU ETS) was created with the aim of promoting
reductions of greenhouse gas emissions in a cost-effective and economically efficient manner. In line with
this objective, when making their decisions, policy makers should consider not only the CO, reduction
targets but also the influence of these pollution reduction goals on companies’ economic performance.
This paper analyses the relationship between the economic and environmental performance of a sample of
Spanish companies involved in the EU ETS in order to provide more information to the institutions
responsible for developing these policies. This relationship is considered from two perspectives: the first
examines how a company’s production affects the ratio of the level of emissions to allocated allowances
(the EA ratio), while the second examines how the EA ratio affects company results. A statistical
methodology based on copulas is used, which allows us to analyze the relationship between these
variables without requiring the assumptions of joint normality and linearity, thus providing the study with
greater flexibility and realism. Our results highlight the existence of three different periods that
correspond to Phases I, II and III of the EU ETS. During Phase I (2005-2007), the relationship between
the EA ratio and firms’ production and profitability was weak and, in the case of production, not
significant. In Phase II (2008-2012), the efficiency of the EU ETS was higher, the allocations were better
adjusted to firms’ activities, and firms with EA values close to 1 were the most productive and profitable.
The same trend occurred in Phase 11T (2013-2015), where a significant reduction of CO, emissions levels
was observed but with higher EA values, especially in the Energy and Other Manufacturing sectors
(including the Food, Textile, Leather, Footwear and Clothing, and Rubber and Paper industries).
Therefore, although the environmental policy promulgated by the EU ETS is partially achieving its goal
of reducing CO, emissions, it is still necessary to encourage green investments in order to decrease the

EA levels, which are too high to satisfy the European Union Allowances allocation policy.

Keywords: Copulas; Economic Performance; Environmental Performance; Multivariate Analysis;
Dynamic Models

1- Introduction

Climate change is greatly challenging the sustainability of human society. In
particular, greenhouse gases (GHG) and carbon emissions are major problems that are
attracting substantial worldwide attention (Li et al., 2014; Gallego-Alvarez et al., 2015;
Calel and Dechezleprétre, 2016; Zeng and Chen, 2016; Zeng et al., 2016). Efforts are
being made to more accurately evaluate the amount of human-induced emissions (Wang

et al,, 2016; Zeng et al., 2017 a) and companies are aligning themselves to the



O J o Ul WDN

OO CTUIUTUIUTUIOTUTOTOT R DB DB DD DDEDWWWWWWWWWWNNNNNNNNNN R R R R R
OB WN RO WO IO WNROW®O-JOHNUDWNROWOW®OJINUTDWNROWOW-TOAUBRWNR OWO®-TIoU S WN R O W

international proposal (put forward in the Kyoto protocol) to reduce emissions which is

an important aspect of their social responsibility.

The European Union Emissions Trading System (EU ETS) was created with the
aim of promoting reductions of GHG emissions in a cost-effective and economically
efficient manner (Directive 2003/87/EC). In line with this objective, policy makers
should consider not only the CO, reduction targets but also the influence of these
pollution reduction goals on the economic performance of companies when making

their decisions.

Given the importance of achieving a balance between pollution reduction targets
and economic growth (European Commission, 2012), an important problem concerns
analyzing the link between the environmental and economic performance of companies
involved in the EU ETS. These performances are linked in two different ways: revenues
and costs. The revenues of energy and industrial companies essentially come from
production, and the production level, in turn, determines CO, emissions. At the same
time, the level of CO, emissions influences the cost production function, since
companies in the EU ETS must buy European Union Allowances (EUAs) if their CO,
emissions surpass the limit established, or they can sell EUAs if their CO, emissions are

below the limit.

Few studies have analyzed the above relationship, so to fill this gap, the
objective of this paper is to study Spanish companies that were involved in the EU ETS
during the period 2005-2016. Our purpose is twofold: first, we analyze the effect of
production on environmental performance on a year-on-year basis by measuring the
intensity of the effect of production on CO, emissions; second, we examine the effect of
environmental performance on profitability in order to study how the behavior of
companies with regard to their emissions targets (whether they emit less or more than
the established limits) affects company results. In this way, we want to determine
whether the costs of meeting the CO, emissions limits imposed by the EU ETS have
had any effect on company profitability by analyzing whether the EU ETS created a real

financial incentive for companies to emit less than they were allocated.

We use a statistical methodology based on copulas (Trivedi and Zimmer, 2005),
which allows us to analyze the relationship between these variables without requiring
the assumptions of joint normality and linearity (which are not satisfied), thus providing

the study with greater flexibility and realism.
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Our research may have implications for Spanish policy makers in terms of
designing policies oriented toward EU ETS companies. Spanish companies involved in
the EU ETS (combustion plants, oil refineries, coke ovens, iron and steel plants and
factories producing cement, glass, lime, bricks, ceramics, and pulp and paper) are
strongly connected to the construction industry, which was one of the main pillars of
economic development in Spain from 1990 until 2008, when the economic crisis
erupted. Therefore, an analysis of these companies is not only important for the

companies themselves but also for the whole economy.

The rest of the paper is organized as follows. Section 2 provides a detailed
literature review, Section 3 describes the data, Section 4 presents the statistical
methodology, and Section 5 shows our results. Finally, Section 6 sets out our
conclusions. Three appendices are also included: Appendix A contains the main
concepts and mathematical properties related to copulas, while Appendices B and C

include some additional figures and tables, respectively.

2. Literature review

EU ETS is the world’s largest cap-and-trade program and the most important
market-based application of economic principles to the climate problem. In a cap-and-
trade system, a constraining quantitative limit is placed on the aggregate emissions of a
specified set of plants, and the plants are allowed to trade their implied emission
reductions among themselves in order to minimize costs and to limit emissions that
would otherwise be produced that are considered “business-as-usual” emissions. Such
trading is conducted through the sale and purchase of allowances, which are issued in an
amount equal to the aggregate cap. Regulated plants are required to surrender an amount
of EU allowances equal to their emissions. Allowances can be acquired either through
free allocation or by purchasing through auctions or from others through trading
(Ellerman et al., 2016). The European Commission (2009) stated that the quantity of
allowances received by each installation should not be higher than the level of CO,
emissions it was likely to emit in order to create the scarcity needed for trading and,
therefore, to ensure a high EUA price. To that aim, it was necessary to determine the
quantity of allowances received by each installation for which an accurate emissions

estimation was carried out.

The EU ETS is implemented through a multinational framework, namely, the

EU, rather than through the action of a single state or national government. The EU ETS
4
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was designed in three phases. Phase I came into effect in 2005 as a three-year pilot. This
phase covered CO; emissions and focused mainly on power generation and energy-
intensive manufacturing industries (mineral oil refineries, coke ovens, iron and steel
plants, and factories producing cement, glass, lime, bricks, ceramics and pulp and
paper). Participation was mandatory for all plants that exceeded 20 MWh of energy use,
including conventional power plants. The allowance allocations and the emissions
estimations for Phase I (2005-2007) were carried out in 2004 and were based on the
level of emissions in prior years. Phase II ran from 2008-2012, in which the coverage of
both countries and sectors was expanded. In this phase, the rules changed and banking
the permits to posterior phases was permitted. The allowance allocations and the
emissions estimations were carried out in 2006 and were based not only on the level of
emissions but also on the production levels of prior years. However, a price drop was
again noticed that was not due to the system’s design; instead, it was the consequence of

reduced economic activity and, hence, emissions.

In the first two phases, each member state developed a National Allocation Plan
(NAP) stating the total number of allowances to be created and how they would be
allocated to affected installations in that state. These NAPs would go into effect unless
the commission rejected it because it failed to comply with certain criteria in the ETS
Directive. Additionally, there was a lack of agreement on a suitable benchmark, which
made it inevitable that the basis for allocation would be historical emissions. One of the
negative consequences of this system was the “windfall profits” in the electricity sector
due to the free allocation of allowances (at least 95% of the allowances were allocated
freely in the first phase and 90% in the second phase), carbon cost pass throughs to
electricity prices and the alleged competitive distortions resulting from different
member-state rules for allocation (Sijm et al., 2008; Fabra and Reguant, 2014; Fell et
al., 2015; Hintermann, 2016). These flaws in the initial years led the European
Commission to adopt significant revisions to the EU ETS in late 2008 (Directive
2009/29/EC). The most important revisions were the following: the adoption of a single
EU-wide cap that was to decline at 1.74% per annum, the adoption of auctioning as the
basic allocation principle for allowances, continued free allocation for industrial
facilities according to centrally determined benchmarks during the transition to full
auctioning and changes to the offset provisions that further limited their use while

expanding the scope for linking with GHG cap-and-trade systems that might be
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developed in other parts of the world. These agreements are being applied in Phase III,
which covers the period 2013-2020, in which more than 12,000 power and industrial

plants in 31 countries are taking part in the scheme.

To evaluate the performance of the EU ETS, studies have analyzed the following
topics: emissions reductions, the evolution of allowance prices, and impacts on
economic performance, competitiveness and innovation (Laing et al., 2014; Ellerman et

al., 2016; Hinterman et al., 2016; Martin et al., 2016; Mudls et al., 2016).

With respect to emissions reductions, research has shown that the EU ETS has
driven reduced GHG emissions in the participating companies when measured by
aggregate emissions at the sector level (Ellerman and Buchner, 2007, 2008; Ellerman et
al., 2010; Anderson and Di Maria, 2011; Egenhofer et al., 2011; Kettner et al., 2015),
firm-level emissions (Abrell et al., 2012; Petrick and Wagner, 2014) and plant-level

emissions (Klemetsen et al., 2016).

With respect to allowance prices, the EUA price has varied considerably over
the first 10 years of the EU ETS. In Phase I, the price was between 5€ and 10€, before it
then rose quickly to 25-30€ in late April 2006, at which time several member states
reported that their emissions for 2005 were lower than expected. In response, the price
fell to a few euro cents because Phase I allowances could not be banked for use in Phase
II. As Phase II began, the EUA price reached almost 30€, but it declined by
approximately 50% as result of the economic crisis in late 2008. After recovering in
early 2009, it experienced a 2-year period of stability until the summer of 2011, when it
fell again to approximately 4€ as Phase III began. Since the beginning of 2013, the EUA
price has risen steadily, unlike what occurred in Phase I. The EUA price did not fall to
zero again because Phase II allowances could be banked for use in Phase III and later
years, when the caps would continue to be lowered and prices are therefore expected to

be higher (Ellerman et al., 2016; Muiils et al., 2016).

Hintermann et al. (2016) revised the empirical evidence on the influence of
different factors on allowance price formation, and the authors find that across all
studies, economic activity and growth announcements as well as the oil and gas price
positively influence allowance prices; in addition to electricity, fuel and allowance
prices are cointegrated, although these relationships differ across markets due to
differences in fuel mixes in electricity generation. Additionally, long-term changes in
renewable capacity have a negative influence on allowance prices, whereas short-term

6
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shocks do not, which can be explained by allowance banking. Even though the EUA
price is currently low, the authors suggest tightening the cap because of allowance
banking, which should affect the price even today. However, they interpret this lower
than expected value as good news because it proves that the EU climate policy was

cheaper than expected.

One stream of the literature has focused on the program’s possible impact on
indicators of economic performance, such as profits, revenues, output, investment and
employment. To comply with the EU ETS, regulated firms can undertake costly
abatement, thus reducing their profit margins, or they can improve the efficiency of
their operations (Laing et al., 2014) or buy EUAs, both of which will also lower their
profits. In addition, regulated firms may lose market share to rival firms outside the EU
ETS (Martin et al., 2016). In the case of power generation, this competitiveness effect is
limited by the institutional and technical aspects of European electricity markets. In
industrial firms, however, it may not feasible to pass through the cost of carbon without
losing market share. In such cases, the result would be lower levels of production and
employment or, alternatively, firms might relocate in order to avoid compliance with
the EU ETS policy (carbon leakage), thus moving jobs and carbon emissions to

unregulated countries.

The recent empirical literature finds, on average, very little evidence of adverse
economic consequences from the EU ETS; thus, carbon leakage may not be a problem
that is as important as had been anticipated. However, this broad finding may mask
variations in the ability of different participants to pass through the cost of regulations
and, consequently, differences in the costs that regulated plants face within the system

(Mudls et al., 2016).

Marin et al. (2017) recently analyzed the impact of the EU ETS (Phases I and 1I)
on a larger set of indicators of economic performance (value added, turnover,
employment, investment, labor productivity, total factor productivity and markup)
based on a large panel of European firms. To evaluate the causal impact of the EU ETS,
the authors apply a difference-in-differences approach with pretreatment matching.
They find that the EU ETS had a positive impact on the scale-related measures of
economic performance (value added, turnover, employment and investment) of treated

firms and a negative, but slight, impact on the scale-free measures (productivity and
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profitability), especially in Phase IL. In their view, the Porter Hypothesis' (Porter and
van der Linde, 1995), the lobbying activity engaged in by EU ETS companies and
sectors on European Authorities and the low price of pollution permits in Phases I and II
are some possible explanations of the positive effect of the EU ETS in the case of value

added, employment and turnover.

Finally, there is also strong evidence that the EU ETS has had a positive effect
on the amount of clean technology innovation to stimulate the development of low-
carbon technologies, which make it cheaper to reduce carbon emissions. Thus, Calel
and Dechezleprétre (2016) compare patent applications for low-carbon technologies
across both EU ETS and non-EU ETS firms, and they find that the EU ETS caused a
small but significant increase in low-carbon patenting (8.1% for EU ETS firms versus
0.85% for all low-carbon patents filed with the EPO). Martin et al. (2013) investigate
the impact of the EU ETS on clean innovation in processes and products using
responses from manager interviews and find that firms in sectors just below the
thresholds required for free allocation engage in significantly more innovation than
those just above those thresholds, suggesting that the EUA allocation mechanism had an

effect on firms’ innovation decisions.

Against this background, this paper focuses on analyzing the link between
environmental and economic performance in companies involved in the EU ETS. The
literature provides different measures of environmental performance, which can be
classified into three groups: those that analyze the behavior of companies toward the
environment, e.g., the implementation of environmental strategies by management
(Aragon-Correa et al., 2008; Molina-Azorin et al., 2009; Yang et al., 2011); those that
reflect the consequences of companies’ behavior in terms of pollution, e.g., GHG
emissions (Hart and Ahuja, 1996; Sarkis and Codeiro, 2001; Clarkson et al., 2011;
Iwata and Okada, 2011); and those that provide environmental ratings and scores
carried out by organizations independent of companies’ management that measure
environmental performance by taking both of the previous perspectives into

consideration (Elsayed and Paton, 2004).

In this paper, we center our attention on the second group of measures: the

pollution produced by companies. Nevertheless, unlike other studies, we investigate

! The benefits of environmental management are larger than the costs, and tighter regulatory standards stimulate
green innovation.
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companies’ emissions by taking into account the constraints imposed by the EU ETS.
To that aim, we build an environmental performance indicator that is calculated as the
total CO, emissions emitted each year by each company divided by the allocated units.
This ratio, which we call the Emission to Allowances (EA) ratio, may be higher (lower)

than 1 that indicates a deficit (surplus) of allowances.

Economic performance is usually measured using financial ratios. Contrary to
the lack of consensus on the selection of a proper environmental performance measure,
there seems to be agreement that the use of a financial measure has no impact on the
results (Horvathova, 2010). For this reason, we take two financial ratios widely used in
the literature: Asset Turnover Rotation (ATR) to measure company production and

Return on Assets (ROA) to measure company profitability.

With respect to the link between environmental and economic performance, the
literature is inconclusive and inconsistent. Some authors have found a positive link
(Molina-Azorin et al. 2009, Lopez-Gamero et al. 2009 and Yang et al. 2011), while
others have found a neutral (Elsayed and Paton, 2004) or even a negative relationship
(Sarkis and Cordeiro 2001). According to Horvathova (2010), this inconsistency is due
to the use of inappropriate methodologies, and he provides several suggestions for
obtaining more reliable results. He recommends using more advanced econometric
analysis, rather than simple correlation coefficients, and accounting for omitted variable

biases such as unobserved firm heterogeneity.

Following these recommendations, Segura et al. (2014) analyze the link between
environmental and economic performance in Spanish companies involved in the EU
ETS during the period 2005-2011 using linear quantile regression techniques. However,
their linearity hypothesis might be unrealistic considering the lack of normality of the
variables analyzed. In addition, the authors do not consider control variables, which

may also bias the results obtained.

To overcome these problems, in this paper, we use a more flexible statistical
methodology based on copulas, which provides a set of models to capture dependence
in a broader context (Trivedi and Zimmer, 2005). Copulas have been widely and
successfully used in finance (Patton, 2006, 2009; Heinen and Valdesogo, 2009; Jondeau
and Rockinger, 2006) and in environmental contexts (Denault et al., 2009; Grothe and
Schnieders, 2011). In addition, we include as control variables a set of firm
characteristics that may influence companies’ profitability, and we extend the analyzed

9
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period to 2005-2015, which includes part of Phase III. We believe that all of these

issues increase the reliability and generality levels in the study.

3. Data

We select a sample of Spanish installations whose emissions were traded under
the EU ETS during the period 2005-2016. The list of Spanish installations was obtained
from the “European Union Transaction Log” web page of the European Commission

(http://ec.europa.eu/environment/ets/allocationComplianceMgt.do), which includes all

European firms participating in the EU ETS. We focus on the companies in the registry
up to July 2016, and we find a total of 1,205 installations corresponding to 920
companies. Due to data unavailability, our sample was reduced to 777 companies
(almost 85% of the total) for which we had data on all the variables for at least one year.
In addition, we do not consider the year 2016 because data corresponding to the annual
accounts of companies for that year were not available at the time of the study. The
variables employed in our research were divided into three groups: environmental
performance, economic performance and control variables. In the following subsections,

we define our variables and provide a descriptive analysis.

3.1. Environmental performance

Environmental performance is measured as the ratio of CO, emissions over the

allowances and is given by:

EA  =—t (1)

where A;; represents the assigned allowances, and E;; represents the verified emissions
of company i in period t.

Data related to the EA ratio were taken from the European Union Transaction
Log (EUTL), an online database where the accounts of companies and physical people
holding these allowances are listed. Each installation held an account in the EUTL
where the allowance allocation, verified emissions, and compliance status were tracked.
The allowances assigned to, and the verified emissions from, installations owned by the
same company were aggregated, thus allowing us to obtain a single assigned (A) and

verified (E) emission figure for each firm.

Table 1 shows, for each year, the main statistics for the EA ratio. Three different

periods clearly stand out: 2005-2007, 2008-2012 and 2013-2015, corresponding to
10
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Phase I (2005-2007), Phase II (2008-2012) and Phase III (2013-2027) of the EU ETS,

respectively.

(Insert Table 1 about here)

In the case of NAP I, as stated in Order PRE/2827/2009, the maximum amount of
emissions per year assigned to EU ETS sectors was 182.17 Metric Tonnes of Carbon
Dioxide Equivalent (Mt CO;). As explained by the Spanish Government (2007), at the
end of Phase I, Spanish companies as a whole had a deficit of 22.49 Mt CO,. However,
as can be observed in Table 1, on average, companies had an allowance surplus of 10%,
11% and 8% in 2005, 2006 and 2007, respectively. The difference between the two sets
of results occurred because approximately 75% of the companies had a surplus of
allowances (EA<1) during Phase I. Although the country as a whole emitted more than

expected, the majority of companies tended to emit less CO, than expected.

In NAP II, the maximum level of allowances per year in Spain was 152.25 Mt
CO; (Order PRE/2827/2009). Because the European Commission cut the volume of
emission allowances permitted in Phase II to 6.5% below the 2005 level, the Spanish
cap for Phase II was more stringent than for Phase I. Specifically, the total Spanish
Phase II cap was 16% less than in Phase I. Nevertheless, in the period 2008-2012,

Spanish companies had an allowances surplus of 10.3% (Spanish Government, 2012).

Although NAP II was more stringent than NAP I, the lower EA ratio levels in the
second period (see Table 1) suggest that the deviation from what was expected was
more marked than in the first phase. According to data from the Spain GHG Inventory
1990-2010, during the period 2005-2007, CO, emissions were 49.43% above 1990
levels due to considerable economic and population growth, as was noted in Royal
Decree 1370/2006. During the period 2008-2012, however, emissions were only
25.02% above 1990 levels due to the economic crisis. This reduction of CO, emissions
from 2008 onward stemming from crisis-related declines in companies’ production
appears to be the reason why companies, on average, had an allowances surplus of

approximately 37% (see Table 1).

However, in Phase III, the mean values of the EA ratio increased significantly,
even though the mean level of CO, emissions was significantly lower, with a slight
rebound in 2015-2016. This result is due to an increase in environmental awareness

together with greater control of CO, emissions by firms (see Table 1), with a decrease

11
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in the averaged assigned allowances (73.97%) from Phase II to Phase III that was
greater than the decrease in the level of CO, emissions (49.71%), thus causing a

significant number of firms (approximately 38%) to have EA ratio values higher than 1.

Finally, it should be noted that the normality of the EA variable is rejected in all
periods due to significant positive asymmetry and leptokurtosis. This result arises from
the existence of a non-negligible percentage of firms with large EA values, i.e., CO;
emissions much higher than the allowance allocations, which are responsible for the fact
that Spain as a whole had a CO, emissions deficit in the period 2005-2008, as
mentioned above. This trend was reduced in Phase III (skewness and kurtosis of the EA
distribution are significantly lower) as a consequence of the adoption of a single EU-
wide cap, with auctions instead of free allocations as the default method for allocating
allowances, which reduced the competitive distortions resulting from different member

states’ allocation rules.

3.2. Economic performance

The EA ratio is linked to economic performance in two ways. First, it can
primarily result from a company’s level of production, and second, it can directly affect
company profitability. To measure profitability, we employ Return on Assets (ROA =
Operating income/Assets), which calculates how efficient management is at using its
assets to generate earnings. To measure a company’s production, we use the Asset
Turnover Ratio (ATR = Operating revenue/Assets). The ideal measure would have been
the production figure, but we did not have access to these data; thus, we use this activity

ratio, which is widely used in the literature, as a proxy of companies’ production level.

Table 2 shows the main descriptive statistics for ROA, while Table 3 presents the
main descriptive statistics for ATR. Again, three different periods stand out: 2005-2007,
2008-2012 and 2013-2015. On average, companies had a positive ROA during the first
period and it was relatively stable. However, the values corresponding to the period
2008-2012 were much lower. The breaking point was in 2008, when the global crisis
began. Finally, an increase in profitability is shown from 2013 onward as a result of the

recovery in Spanish economic activity.

(Insert Table 2 about here)

With respect to ATR, it should be noted that its mean and median decreased

considerably after 2008, with a significant recovery from 2013 onward, where average

12
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values of ATR similar to those in 2005-2007 were achieved. This evolution is consistent
with that of the Spanish GDP during this period. According to data from the Spanish
National Statistics Institute, while the annual growth of GDP in 2005, 2006 and 2007
was approximately 4%, from 2008-2012, this value was approximately -1.3%, and it
was 1.6% in 2014-2015.

(Insert Table 3 about here)

Finally, it should be noted that the normality hypothesis is rejected for both
variables. In the case of ROA, this result is due to the presence of significant
leptokurtosis (and negative asymmetry in the period 2005-2007) caused by a set of
firms with higher absolute levels of profitability. In the case of ATR, the result is due to
significant leptokurtosis and positive asymmetry, which appear in economic variables

with a natural lower limit; in this case, it is related to the productive size of the firm.

3.3. Control variables

To eliminate some possible biases, we include a set of firm characteristics that
may influence the link between environmental and economic performance. These

characteristics are:

¢ Size of the company, which affects both the level of CO, emissions and the
economic results. Following Elsayed and Paton (2004) and Clarkson et al. (2011), we

measure it with Log(A4ssets)

¢ Risk of the company. Following Waddock and Graves (1997), McWilliams and
Siegel (2000) and Elsayed and Paton (2004), we measure company risk using the debt-
to-capital ratio, which has the following expression: Liabilities/Assets. The higher the
ratio is, the more the company uses debt to finance its operations. If its revenues fall, a
company with a high ratio might not be able to meet its debt payments, whereas a
company with a low ratio financed its operations with equity and thus will be better

prepared to face declining revenues.

¢ Sector of the company, which influences both the level of CO, emissions and
the economic results (Elsayed and Paton, 2004). According to Directive 2003/87/CE,
the companies in the EU ETS are divided into 9 sectors. The first comprises power
stations (“Combustion installations with a rated thermal input exceeding 20 MW,
mineral oil refineries and coke ovens”). Sectors 2 to 9 are industrial sectors producing

iron, steel, cement, glass, lime, bricks, ceramics, pulp and paper, respectively. When
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designing its National Allocation Plans (both NAP I and NAP II), the Spanish
Government (2010) divided companies into two large groups: energy companies (sector
1) and industrial companies (sectors 2-9). The allocated quantity for each company was
calculated using two different methodologies: one for all companies belonging to
industrial sectors and the other for energy companies. In addition to companies’
industry, property also plays an important role in environmental performance. For this
reason and in order to propose specific policy advice, we divide the companies into four
groups: Energy companies, Chemical and Metal Processing companies, Other
Manufacturing Industries (food, textile, leather, footwear and clothing, rubber and
paper) and Other Sectors (building, transportation and communications and services).
This grouping was designed to allow a large enough sample size to carry out a statistical

analysis for each year.

Data on economic performance and the control variables were taken from the
SABI (Sistema de Andalisis de Balances Ibéricos), a database maintained by the Bureau
Van Dijk that provides 1,250,000 Spanish and 400,000 Portuguese company reports.
These reports include, among other information, companies’ financial profile, a
summary of companies’ industrial activities, balance sheets, profit and loss accounts,

and financial ratios.

Tables 4 and 5 provide the descriptive statistics for Size and Risk, respectively.
An increasing trend in firm size can be observed throughout the period as well as an
increase in risk levels during the crisis period (2008-2011), followed by a decrease from
2012-2015 toward similar levels to those from 2005-2007, in the period before the
crisis. The normality hypothesis is rejected for both variables, again due to the presence
of significant leptokurtosis and positive asymmetry because of the existence of a natural

lower limit for both variables and their relation to the economic size of the firm.

(Insert Tables 4 and 5 about here)

In Table 6, we show the number of firms corresponding to each group for each
year. Additionally, in Appendix C we present the results of a statistical sector
comparison study for each variable and each year. The largest sector is “Chemical and
Metal Processing Industries,” which includes approximately 65% of the firms (see
Table 6). The Energy sector has the highest CO, emissions, EUAs, EA ratio values and,
with the exception of the period 2005-2007, the most profitable companies. The

economic crisis affected the Chemical and Metal Processing industries as well as the
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Other Sectors (especially the construction sector), which were less profitable, emitted
less CO,, had lower ATR and EA ratio values and higher risk levels. In the years of
Phase III and as a consequence of the Spanish economic recovery, the table shows that
CO; emissions and EUAs have decreased (with a rebound in 2015), while the ATR and
EA ratio levels have tended to increase, with average EA ratio values larger than 1,
especially in the Energy sector. In addition, the risk levels have decreased significantly,
and most sectors experienced an increase in profitability from 2014 onward. The only
exception was the Energy sector, which had significantly lower profitability in 2014 due
to the suspension, in March of 2012, of pre-award procedures for remuneration and
economic incentives provided by the Spanish government for new electricity production

facilities powered by renewable energy, cogeneration and waste.

(Insert Table 6 about here)

Because the normality of each variable is rejected for all years of the study, the
relationships should not be examined in a normal multivariate context. For this reason,
we chose the copula approach to model the relationship between economic and
environmental performance. As Trivedi and Zimmer (2005) note, this approach is an
adequate tool when capturing dependence in a broader context than the multivariate

normal.

4. Methodology

Our objective is to analyse, on the one hand, the effect of production (ATR) on
CO, emissions (EA) and, on the other hand, the effect of CO, emission (EA) on
profitability (ROA) controlling for Size, Risk and Sector. To that aim, we determine the
quantile regression lines which describe this influence, not only in the central of their
joint distribution, but also in other parts (intermediate and tails), which gives a greater
level of depth to the study. Due to the non-normality of the above variables, the
relationship does not have to be linear. For this reason we set up the problems in terms
of copulas which provide greater flexibility to the study. This section describes the
methodology used in the paper. First, we set-up the problem and then, we describe the
model selection and estimation procedures. In addition, Appendix A includes a brief
summary about copulas and their properties as well as mathematical details of the

procedures used in the paper.
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4.1. Setting up the problem

Let us consider Nt firms observed in period te {1, ..., T}.

Let {(EAi;, ROA;;, ATR;,, Sizeiy, Risk;y, Sectoriy)’; i=1,...,Ng; t=1,..., T} be the
observed data where EA;; is the CO, verifed emissions to Allowances ratio, ROA;; is
the Return on Assets ratios, ATR;; is the Assets Turnover Rotation ratio, Size;; is the
size, Risk;; is the risk, and Sector;; = (SectOrenergy,i t,S€CtOTchemical,it, SECtOTother-manufiit) 1S
the vector of dummies associated with the sector of company i in period t, where

Sector;; = 1 if the i-th firm belongs to sector j and 0 otherwise.

Given that the methodology is the same in the two regressions, we only explain
in detail the procedure used for obtaining the effect of ATR on EA. The effect of EA on
ROA would be determined by applying the same algorithms, exchanging ATR for EA
and EA for ROA.

4.2. Quantile regression
In order to analyze the influence of ATR on EA we will estimate the conditional
quantiles lines:

EA; = Q,(EA{ATR,Size, Risk;,Sector;) with 0<p<I, t=1,...,T 2)

where Qp«(x2| X1 = (X1,..., Xk)’) denotes the p-quantile of the conditional distribution

X,|X = x in period t.

In this way, and varying the values of parameter t and p, we can study the
dynamic effect of ATR on EA for given values of the control variables (Size, Risk,
Sector), not only in the center of the distribution (p = 0.5), but also in the upper (p >
0.9) and lower (p < 0.1) tails. Usually it is assumed that (2) is a linear function of the

conditioning variables, i.e.
Qp.(EA|ATR,Size, Risk,,Sector;) =

= Bopst T PipATR: + By Size: + B3 Risk; + Bl4,p,t Sector, 3)

and B, p, represents the increase in p-quantile of EA; produced by one unit increase in

ATR, for given values of (Size, Risk, Sector)”. However, this linearity hypothesis can

% The estimation of (Bop.-B1p6P2p.-B3p.ts B;W) was carried out with function fminsearch of MATLAB

R2015 b. This function minimizes the weighted absolute deviations sum ' ( pe;, +(1-p) 6;1)

ieN,
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be overly restrictive and, in order to weaken it, in this paper we will use a methodology

based on the use of copulas.

4.3. Quantile regression based on copulas
In order to calculate (2), we will use copulas to model the conditional joint
distribution, F;,, of ATR and SA given (Size, Risk, Sector) in such a way that:
Fi2(ATR,EASize,Riski,Sector;) =
= Cy(F1 (ATR{Size,Riski,Sector,), F» (EA(|Size,Risk,Sector)) 4)

where  F;(ATR(Size,Risk,,Sector)) and F,(EA(Size,Risk,Sector;) are the
corresponding marginal distributions and Cy(u;,uy) is a copula function which models
the dependency relationship between ATR and EA conditional on (Size, Risk, Sector)

in period t.

Copulas have certain properties that are very useful in the study of dependence.
For instance, they can model potentially nonlinear dependence. In addition, they are
invariant to strictly increasing transformations of random variables (Schweizer and
Wolff, 1981). Thus, the simultaneous movements of ATR; and EA; can be captured by

copulas, regardless of the scale in which each variable is measured.
From (4) we can also obtain the conditional joint density function given by:
f12.(ATR,EA{Size,Risk,Sector;) =
= c(F1 (ATR¢Size,Riski,Sector;), F» (EA(|Size,Risk:,Sector))
f1 ((ATR¢Size,Risk(,Sectory) f, (EA{Size,Risk,Sector) (5)

where  f) (ATR{Size,Riski,Sector;) and f;(EA¢Size,Risk,Sector;) are the

2

corresponding marginal densities and ci(u;,u;) = P
1 2

C,(u,,u,). From (5) we obtain

the conditional density of EA{|ATR,Size,Risk;,Sector; which will be given by:

fz‘ 1 ,t(EAt|ATRt,Sizet,RiSkt,Sectort) =

= Ct(FLt(ATRdSizet,RiSkt,Sectort), F27t(EAt|Sizet,RiSkt,Sectort))fl’t(ATRt‘Sizet,RiSkt,Sectort)

(6)

where €, = EA,, —BOW —Bl,p,tATRi‘t —['Sz‘p’tSiz&i,I —BS’p’tRiski’t —|3'4YPY1Sect0ri,I and ezt = max{ei,[,O},

€, = max{—em,O} .
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Using (6), the quantile Q,(EA{ATR,Size,Risk;,Sector;) will be calculated by
solving the equation:
P(EA{ < Qp7t(EAt|ATRt,Sizet,RiSkt,Sectort)‘ ATR{,Sizet,RiSkt,Sectort) =

J-Qp" (EA,|ATR ,Size, ,Risk, ,Sector, )

£, (y|ATR,,Size,,Risk,,Sector, )dy =p (7)

—0

Making the change of variables u;; = F; (ATR;| Size;, Risk;, Sector) and uy; =
F,«(EA¢| Size;, Risk;, Sector) it follows from (6) and (7) that:

P(EAt < Qp’t(EAt|ATRt,Sizet,RiSkt,Sectort)l ATRt,Sizet,RiSkt,Sectort) =

Q,(EA(|ATR, Size, ,Risk,,Sector, )
- le Ct(ul,t’uZ,t)dHZ,t -

oC, (E (ATR, |Size,,Risk,,Sector, ),F, (Qp’l (EA, |ATRt,Sizet,Riskt,Sectort)|Sizet,Riskt,Sectort))

6"11
4.4. Estimation procedure

In this section we describe our estimation procedure which is based on Patton
(2006). Given that our problem has 5 variables and the size of our sample is not large,
we will adopt some simplifying hypotheses which let us increase the reliability of the

estimation process.

We will assume that:

ATR, =B3" +P;, " Size, +p5, Risk, + B, " Sector, +&" with &' ~f .. () (8)

t t
EA, = Bgf + BffSizet +B5 Risk, + ";f Sector, +&* with £* ~ f () 9)

Therefore:
f1 ((ATR¢Size,Risk,Sector,) =
=f . (ATR, - Boc —Bry Size, —B5, Risk, — B, "Sector,)
f, (EA{Size,,Risk;,Sector,) = f ., (EA, — Bor —Bi: Size, —By;Risk, —B 57 Sector,)
Additionally, we will assume that the copula function depends on a parameter

9 in such a way that Cy(uj,uy) = C(uy,uy, SM‘ ,M;) where SMt is the vector of parameters

of model M; and M;eM where M is a set of families of copulas (see Appendix A in

which some notable copulas are described).
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Our target is to estimate the vector of  parameters
BATR :( STROBATRBATR BATR ) , B =( LB BB ),, the distributions  F, .,
FSEA and 6; = (SM[ M) for t = 1,...,T. To carry out this process, we use the following
algorithm for each t:
4.4.1. Copula model selection and estimation algorithm

ATR

Step 1.- We estimate B and B/ by means of a robust regression method and using

the dataset {(EAi;, ROA;;, ATR;;, Size;;, Riski;, Sector;;); ieN;}. We have used the
MATLAB function robustfit.

Step 2.- With the previous estimations, [iATR and ﬁfA , we obtain the residuals ?:f " and

AN

e given by the following expressions:
g = ATR, —BoT" — B " Size, , — B2 1 Risk, , — B, Sector;, foricN,

& =EA, —Bi" — B Size,, —BEiRisk, , — B Sector;, forieN,

Step 3.- Estimate F ., andF,, using non-parametric kernel estimators applied to the

residuals data {slAtTR 1eN} and {sff,leN}, respectively. We use the MATLAB

function ksdensity with function argument ‘cdf’.

Step 4.- With the previous estimations f:g[”‘* and lA:sz, calculate 1, = 15 ( f*tTR) and
0,,, = lilm (éff) for ieNito transform &, " and 8%? to U(0,1) distributions.

Step S.- For each MeM, use the maximum likelihood procedure to estimate 9,, from

{(ﬁl,i,t ,ﬁz,i,t),i € Nt}. This estimator will be given by:

§,, =arg max, K(EJM;{(ﬁM’t Uy );i eN, } ,M) =arg max, Z log(c(ﬁmt Uy, M, 8y ))

ieN,
Step 6.- Select model M; using the AIC criterion in such a way that

M, = arg minyjem AIC(M) = arg minyem {-2 €(§M| A(6y,,0,,, )i e Nt},M) +dim( 9, )}
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Once we have estimated and selected the best copula we use the following
algorithm to calculate the p-quantile regression curves of EA on ATR for a given value

of 0<p<I and t.

4.4.2. Quantile regression line estimation algorithm

1. Calculate, for i=1,..., Ny, 0,,, =F, (83" ) with

it
AATR _ AATR  QATRQ: AATR : n'ATR
Si,t - ATRi,t “Po,t _Bl,t Slzei,t _Bz,r RISki,t _ﬁS,t Sectori’t

ac ﬁi >U 7é )M
2. Solve in uy; the equation ( I 63 i t) =p

1t

3. Calculate
A . . _REA | QEAQ: NEAD: 0 'EA ~
Q,.. (EAi{|ATR,Sizei,Riskig, Sectoriy) =By + B Size,  + B, Risk;  + B, Sector; +1,,

where 1, is the solution obtain in step 2.

We have used 5 different families of copulas (Gaussian, Student’s t, Clayton,
Frank and Gumbel) that are widely used in the literature to capture different types of
dependences between two variables, both in central areas and in the tails of the joint

distribution (see Appendix A for details). Finally, once the best copula has been
selected, we calculate the p-quantile regression curve of € on SfTR for a set of values

of p using the algorithm 4.4.2. Additionally, and in order to analyze the goodness of fit
to data of the selected model, we have compared the values of the Spearman’s p

correlation coefficients of the observations {(ATR EAM);i € Nt} with those estimated

using the selected copula and the estimated model (8)-(9) (see algorithm A.5.1 in
Appendix A), respectively.

5. Empirical results and discussion

In this section, we estimate the relationship between economic and
environmental performance from two perspectives: production versus the EA ratio and
the EA ratio versus profitability. Both links are estimated using copula structures
following the procedure described in Section 4. Additionally, we present the estimation
of both links through two linear regression models for comparative purposes. All

calculations were conducted in MATLAB R2015b.
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5.1 The effect of production ATR on EA

Table 7 shows the results obtained from a robust linear regression of the EA
ratio on ATR, while Tables 8 and 9 show the results obtained from applying the
estimation procedure described in sub-section 4.4. Concretely, Table 8 shows, for each
year, the AIC value for each family of copulas considered in this paper. Table 9 shows
for each year the observed Pearson and Spearman's p correlations as well as the results
of the test of the goodness of fit of the model to the data. Finally, Figure 1 displays, for
each year, the quantile regression lines (2) of the EA ratio on ATR calculated from the
selected copulas using algorithm 4.4.2, together with the linear quantile regression
functions (3) and the linear regression for five quantiles, 2.5%, 25%, 50%, 75% and
97.5%. The individual data correspond to companies within the largest sector,
“Chemical and Metal Processing industries,” with average characteristics for the control
variables Size and Risk.

(Insert Tables 7, 8 and 9 about here)

The results show that the strength of the relationship between the EA ratio and
ATR was not constant over time, as it was not significant in Phase I, it was more intense
and increasing after the onset of the global economic crisis in Phase II, and it lost some
importance in Phase III (see the observed Spearman’s p values in Table 9). In the period
2005-2007, there was an economic boom with high production and CO, emissions
levels (Tables 1 and 3). Given that NAP I was not very stringent, with allocations that
exceeded the projected emissions, the average levels of the EA ratio were less than 1
(Table 1). Figure 1 and Table 9 show that firms tended to adjust their emissions to their
allocations independently of their production levels: all the regression lines are

essentially horizontal, and the observed Spearman’s p values are not significant.

From 2008 to 2012, the situation changed: the economic crisis caused a decrease
in production (Table 3), and NAP II was more stringent, simple and transparent than
NAP I. That is, the use of allowances by companies was more in accordance with their
production levels, with a significant increase in the percentage of firms with EA<I
(Table 1). The observed Spearman's p values corresponding to the selected copulas
(Table 9) and the regression coefficients of ATR in the linear regression (Table 7)
increased significantly and achieved their largest values at the end of Phase II. Clayton,
Frank and t copulas were selected in this period (Tables 8 and 9) because the link

between these variables tends to be stronger in the center of the distribution and, in the
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case of a Clayton copula, also in the left tail (Figure B1 in Appendix B). The
relationship between the EA ratio and ATR was non-linear, given that the Spearman's p
values were significantly greater than the Pearson correlation coefficients (Table 9),
with the effect of production on the EA ratio being approximately linearly increasing in
the central areas of the EA distribution (quantiles 25% to 75%) but essentially
horizontal in both tails (quantiles 2.5% and 97.5%), mainly for high production levels
(ATR>2, see Figure 1).

(Insert Figure 1 about here)

From 2013 to 2015, the relationship between the EA ratio and ATR continued to
be significantly positive but with smaller observed values of Spearman’s p. Student’s t
is the selected copula (see Tables 8 and 9) because the degree of dependency between
ATR and the EA ratio tends to be similar in all areas of their joint distribution (see
Figure B1 in Appendix B). The influence of ATR on the EA ratio was essentially linear
for all the quantiles with the only exception for quantile 97.5, where a U-shaped curve is
shown with a minimum around ATR = 1 in 2013 and 2014 and an increasing
relationship for higher values of ATR (Figure 1). Given that in Phase III the number of
EUAs decreased significantly (Table 1), some disagreement between the EUA
determination policy and CO, emissions practices is revealed: CO, emissions display a
non-negligible trend to be greater than allowances, especially in the Energy sector

(Table C1 in Appendix C).

Finally, we can say that the goodness of fit of the selected model to the data is
adequate: most of the p-values described in Appendix A (section A.5) are greater than
0.05. Only in 2007 is there a small discrepancy that is significant at the 5% level but not

at 1%, and the observed Spearman’s p values are not significant.

5.1.1. The effects of the control variables

To analyze the effect of the control variables on the link between ATR and the
EA ratio, Figure 2 (Figure 3) displays the median (p=0.5) regression curves of the EA
ratio on ATR for Chemical and Metal Processing firms as well as quantiles 2.5%, 25%,
50%, 75% and 97.5% of Size (Risk) while maintaining Risk (Size) at its average values.
Size did not have a significant effect during Phase I on the link between ATR and the
EA ratio, but it had a positive influenced in Phases II and III (the lines become more

separated). Small firms had EA values significant lower than large firms; this result
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seems to reflect, indirectly, that the impact of the crisis (Phase II) was less severe in
large companies than in small. These differences continued in Phase III due to the
stricter CO, emissions policy under the EU ETS, which made small firms tend to adjust
their CO, emissions to their productive needs. The effect of Risk was not significant for
most periods, with only a slight positive influence in the period 2012-2015, when riskier
installations tended to have higher EA values, although the differences were small and

not very significant.
(Insert Figures 2 and 3 about here)

Figure 4 displays the median regression curves of the EA ratio on ATR for firms
with average Size and Risk values in Energy (blue line), Chemical and Metal
Processing (magenta line), Other Manufacturing (green line) and the Rest of the Sectors
(red line). The figure shows that companies in the Energy sector had the highest EA
values from 2008 onward, followed by the Other Manufacturing sectors. These
differences tended to be larger in Phase III, with EA values much higher than 1 for
firms with ATR>2. This result highlights the need to adapt allowance allocation policies
to different sectors, especially for companies in the Energy sector, which, even though
they significantly reduced their CO, emissions levels (Table C1 in Appendix C), have
had the highest EA values due to their higher productive needs.

(Insert Figure 4 about here)

5.2 The effect of the EA ratio on ROA

Table 10 presents the results of a robust linear regression of ROA on the EA
ratio, while Tables 11 and 12 show the results of applying the estimation procedure
described in sub-section 4.4. Finally, Figure 5 displays, for each year, the quantile
regression lines (2) of ROA on the EA ratio calculated from the selected copulas using
algorithm 4.4.2, together with the linear quantile regression functions (3) and the linear
regression for the 2.5%, 25%, 50%, 75% and 97.5% quantiles of companies in the
Chemical and Metal Processing Industries sector with average characteristics of Size

and Risk.
(Insert Tables 10, 11, 12 and Figure 5 about here)

The tables show that ROA and the EA ratio are positively related (note that the
Spearman’s p values in Table 12 are significantly positive) in all the analyzed periods.

This relation is linear in the central parts of their joint distribution (quantiles 25%, 50%
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and 75%), with very similar estimated linear regression, quantile linear regression, and
quantile regression lines based on copulas (Figure 5). The main differences correspond
to the tails of the distribution (quantiles 2.5% and 97.5%), where a non-linear
relationship is displayed such that for values of EA>0.5, the influence of the EA ratio on
ROA is not significant or is even non-increasing (quantile 2.5% in 2005, 2008, 2010,
see Figure 5). Therefore, firms that emitted more CO2 than expected did not have a
significant increase in profits, especially during Phases II and III. This result explains
the selection of a Frank copula (Table 10), with more intense dependence between both
variables in the central part of their joint distribution (see also Figure B.2 in Appendix

B).

The strength of this relation tended to be larger in Phase II and reached its
maximum in 2012, when the value of Spearman p was equal to 0.3325 (Table 12). The
minimum value of these coefficients in 2014 was due to some firms that had high EA
and low ROA values (EA>1.5 and ROA <-20%, see Figure B2 in Appendix B). Finally,
the model showed acceptable goodness of fit: all the p-values explained in Appendix

A.5 are higher than 0.10 (see Table 12).

5.2.1. The effects of the control variables

Finally, we analyze the effect of the control variables on the link between the EA
ratio and ROA. Figure 6 (Figure 7) displays the median (p=0.5) regression curves of
ROA on the EA ratio for Chemical and Metal Processing firms as well as quantiles
2.5%, 25%, 50%, 75% and 97.5% of Size (Risk) while maintaining Risk (Size) at its
average values. The results show that in general, Size positively affected companies’
ROA, while Risk negatively affected it, with the only exception being 2009, when large
firms (mainly from the Chemical and Metal Processing and Other Manufacturing

sectors) with higher EA values tended to have lower profit levels than other firms.
(Insert Figures 6 and 7 about here)

Figure 8 shows the median regression curves of ROA on the EA ratio
corresponding to firms with average size and risk characteristics within the four sectors
considered in this study. The figure shows that in Phase I, companies in the Chemical
and Metal Processing sector tended to have higher profitability than firms in the other
sectors (see Table 10 as well). This trend was inverted during Phase I, when firms in

the Energy sector were the most profitable and those in the Chemical and Metal
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Processing Industries sector were less profitable. Finally, in Phase III, a decrease in the
profitability of companies in the Energy sector in 2013-2014 is observed, which was
due to the suspension, in March of 2012, of pre-award procedures for remuneration and
economic incentives provided by the Spanish government for new electricity production
facilities from renewable energy, cogeneration and waste. However, in 2015, an
increase in the profitability of firms in this sector is observed (see Figure 8 and Table
CI in Appendix C), likely due to the recovery of economic activity in Spain, which

significantly increased these firms’ level of CO, emissions and their EA values.

(Insert Figure 8 about here)

5.3. Discussion of results

The results from Sections 5.1 and 5.2 highlight that the EUA allowance
concession policies have shown increasing effectiveness across Phases I, II and III.
During Phase I (2005-2007), NAP I was not very stringent, too complex and not
sufficiently transparent, and the allocations exceeded the projected emissions; as a
result, production and profitability were not significantly related to the allowances use.
In Phase II (2008-2012), which was more stringent, simpler and transparent, firms’ CO,
emission levels were conditioned by the economic crisis: firms’ production levels
decreased significantly, and most emitted less CO, than they were assigned. However,
firms with high EA values tended to be the most profitable, and this effect was greater
in large, less risky and energy firms. In contrast, companies that had to buy EUAs in
order to emit more CO, than they were initially allocated (and that therefore had EA
values greater than 1) did not achieve a significant increase in profits. Finally, in Phase
IIT (2013-2015), a significant reduction of CO, emissions was observed, and it was
accompanied by a significant increase in the firms’ productivity and profitability. This
increase was positively related to their EA levels, but with a decreasing influence for
EA values greater than 1. However, the average EA values were greater than 1 for a
significant proportion of companies (approximately 38%), mainly those in the Energy,
Other Manufacturing and Other sectors (see Table C1 in Appendix C) due to the
decrease in EUAs during this phase. These results suggest that EU ETS policy in Phase
I was effective in Spain. CO, emissions have been reduced, thus indicating that firms’
environmental awareness has increased and, even though the EA values were greater
than 1 for a significant proportion of firms, the impact on productivity and profitability

has not been negative, likely due to Spain’s economic recovery. However, some firms
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(mainly in the Energy sector) should adapt their CO, emissions to their allocated

allowances because the impact on profitability has decreasing returns.

6. Conclusions

In this paper, we have examined the relationship between economic performance
and environmental performance for Spanish companies in the EU ETS during the period
2005-2015. Unlike previous studies, we have used the EA ratio of emitted (E) to
assigned (A) CO; emissions. In this way, we can analyze how the constraints on CO,

emissions imposed by the EU ETS have affected economic performance.

We have carried out a dynamic study using quantile regression based on copulas,
which increases the flexibility of our study and allows us to capture non-linear
relationships between the variables and dependencies in different parts of their joint
distribution. Additionally, we have included a set of firm characteristics as control

variables in order to avoid omitted variable biases.

Our results highlight the existence of three different periods, which correspond
to Phases I, II and III of the EU ETS. During Phase 1 (2005-2007), the relationship of
the EA ratio to firms’ production was not significant, and its relationship with the firms’
profitability was weak. This was due to the not very stringent, too complex and not
sufficiently transparent character of NAP I, which barely affected firms’ use of
allowances, as the allocations exceeded their CO, emissions. In Phase II (2008-2012),
the efficiency of the EUAs was higher, as NAP II was more stringent, simpler and
transparent, which increased the intensity of the direct link between the EA ratio and
firm’s production and profitability. In this period, the allocations were more appropriate
for the firms’ activities, and firms with EA values close to 1 were the most productive
and profitable. Additionally, firms with high EA values did not experience a significant
increase in their profits. The same trend was observed in Phase III (2013-2015), where a
significant reduction of CO, emissions levels was also observed, but with higher EA
values, especially in the Energy and Other Manufacturing sectors (Food, Textile,
Leather, Footwear and Clothing, Rubber and Paper industries), whose average levels

were greater than 1.

These results shed further light on the efficiency of the EU ETS in fostering
green investment by Spanish companies. Although a significant reduction in CO;

emission levels was produced in Phase III, an increase in EA values due to a decrease in
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EUAs was also observed. Therefore, even though the environmental policy
implemented through the EU ETS is partially achieving a reduction in CO, emissions, it
also needs to encourage green investment, especially in the Energy sector, in order to
decrease firms’ EA levels, which are still too high to fully satisfy the EUA allocation
policy. Furthermore, policy makers should pay more attention to firms with high
production levels, which tend to have higher EA values without significantly increasing

their profits, especially in the Energy and Other Manufacturing sectors.

It would be interesting to obtain additional information about other relevant
variables, such as the prices of EUAs, carbon, alternative fuel, and other green
investments (Zeng et al., 2017 b) in order to provide more precise and forceful

conclusions about the relationship between environmental and economic performance.

In this paper, we analyzed each year separately. Alternatively, a dynamic panel
approach could have been used. This panel would have to be unbalanced with many
short series, given that firms in different phases are different (only a few firms have data
available for all years), and they could be analyzed using more sophisticated tools (for
instance, Bayesian and dynamic copulas tools). Finally, it would be also necessary to
analyze the impact of the EU ETS policy on the production, cost and environmental
efficiencies of firms (see Meng et al., 2016 for a recent review on this topic). Some of
these lines of research are included in our current work agenda, and the results will be

presented elsewhere.
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Appendix A

Given that our statistical methodology is based on the use of copulas, in this
Appendix, we provide a brief review of the main concepts and mathematical properties
related to copulas. We only consider the bivariate case, which corresponds to our
problem. Good introductory texts about copulas are Cherubini et al. (2004) and Nelsen
(2006).

A.1. Definition

A copula C:[0, 1]7* [0, 1] is a cumulative distribution of a bi-dimensional

random vector on [0,1]* with uniform marginals:

C(ui, u2) =P(U; <uy, Uy S wy)

where U; and U, are uniformly distributed on [0,1].

Copulas are flexible alternatives to correlation which can capture dependence
throughout the entire distribution of several variables. The importance of copulas in the
modeling of dependence between variables arises from Sklars Theorem (Sklar, 1959)
which provides the theoretical foundation for their application. This theorem states that
a bivariate cumulative distribution function Fi,(x;, X») of a random vector (X; ,X;) with

marginals F;(x;) and Fx(x,) can be written as:
Fia(x1, x2) = C(F1(x1), Fa(x2))
where C is a copula. If the marginals Fi(x;) and F,(x;) are continuous, this copula is

unique on Ran(F;)xRan(F,) which is the Cartesian product of the ranges of the marginal

cdf’s and can be obtained from:
C(u,u,)=Fy (F' (). 5" (u,))

The converse is also true: a copula C:[0, 1]2 —[0, 1] and F;(x;) and F»(x;) define

a bi-dimensional cumulative distribution function Fi»(x;, X2).

Using a copula, we can construct a bivariate distribution by specifying marginal
univariate distributions and provide a correlation structure between two variables.
Sometimes it is convenient to differentiate and use a corresponding “canonical” density

le(XI’X2) = C(Fl(xl)’Fz(X2))'fl(Xl)'fZ(XZ)

where c(Fl (Xl), E, (Xz)) is the copula density. We obtain that the density f,, (prz) has

been expressed as the product of the copula density and the univariate marginal
densities. So, we can say that the copula has all the information about the dependence

structure.
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A.2. Dependence in Copulas

Correlation is the most familiar measure of dependence between variables. The
Pearson coefficient p is the covariance divided by the product of the standard
deviations, and the main advantage of this correlation coefficient is its tractability.
There are, however, a number of theoretical shortcomings. One of the most important of
these is that correlation is not invariant to monotonic transformations. The linear
correlation coefficient expresses the linear dependence between random variables, and
when nonlinear transformations are applied to those random variables, linear correlation
is not preserved. Thus, the correlation of two return series may differ from the

correlation of the squared returns or log returns.

Actually, correlation is a linear measure of dependence, and may not capture
important nonlinearities. In these cases, a rank correlation coefficient, such as
Spearman's ps, is more appropriate. Roughly speaking, these rank correlations measure
the degree to which large or small values of one random variable associate with large or
small values of another. However, unlike the linear correlation coefficient, they measure
the association only in terms of ranks. As a consequence, the rank correlation is
preserved under any monotonic transformation. Therefore Spearman's ps is more useful
in describing the dependence between random variables because they are invariant to

the choice of marginal distribution.

The Spearman rank correlation is especially useful when analysing data with a
number of extreme observations because it is independent of the levels of the variables
and, therefore, robust to outliers. Spearman’s correlation coefficient could also be

expressed solely in terms of the copula function:
1 el 1 ¢l
ps =12[ [ (C(u;,u;)—upu, )du,du, =12[ | Cu;,u,)dCu;,u,) -3

This means that if we know the correct copula, we can recover the Spearman

rank correlation.
A.3. Notable Copulas

Researchers use a number of parametric copula specifications. Two of the most
frequently used copula families are the elliptical and Archimedean, which we briefly

review below.
A.3.1. Elliptical

Elliptical copulas are the copulas of elliptically contoured (or elliptical)
distributions. The most commonly used elliptical distributions are the multivariate
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normal and Student-t distributions. The Gaussian copula is obtained from the bivariate

normal distribution with correlation matrix, R, and is given by:

. (w) po(us) 1 —u'R™
Cr (ulsuz)zj.ij J._q; mexp(¥]du

where u = (u;, u;)’ and ¢ '(.) is the inverse of the cumulative distribution function of the

univariate standard normal distribution. Spearman’s ps is expressed as
6 . [p ) . . .

Ps.Ga = —arcsin 5] The p-quantile regression curve for the Gaussian copula is given
T

by:
X, = Fz_1 (d)(pd)_l (Fl (Xl)))"'\/?d)_l (p))

where p is the Pearson correlation between x; and x,. The normal copula allows for
equal degrees of positive and negative dependence. However, it assumes that there is no
dependence in the tails of the distribution, which can be unrealistic in some situations
such as, for instance, in financial markets where financial returns tend to be very
dependent in extreme conditions. Therefore, in financial economics, it is often more
useful to consider the t-copula, which is obtained from the bivariate t-distribution with n

degrees of freedom and correlation matrix, R, and is given by:

n+2

n+2 uR'u) 2
t ' (w) tnl(uz)F£ 2 j(l-i_ 2 J
Cy (ul,uz) = J:w J:OO . d
r{3

where t:(-) denotes the inverse of the cumulative distribution function of the standard

u

univariate Student-t distribution with n degrees of freedom. Note that the Gaussian

copula is obtained as a special case of the t-copula when 1 goes to infinity. Spearman’s

ps coincide with that of the Gaussian, i.e. pg, =—arcsin (%j .The p-quantile regression
"om

curve of the Student’s-t copula is given by:

x,=F' [tn (p‘[;1 (E (xl)))—i-\/(l—pz)(n—i-l)2 (n+(tn1 (E (Xl)))z)tnl+l (p))

Unlike the Gaussian copula, the t-copula has symmetric tail dependence which

makes it very useful in models of the joint movements of financial returns. The
dependence structure in elliptical copulas is determined by the correlation matrix of the

variables, which is one of their key advantages since different levels of correlation
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between their marginal distributions can be specified. However, one of their key
disadvantages is that they are restricted to radial symmetry and, with the sole exception
of Gaussian and Student t copulas, they do not have closed form expressions. (A general

discussion of elliptical distributions can be found in Fang et al., 1990)
A.3.2. Archimedean

An Archimedean copula is constructed through a generator function ¢ as
C, (u,u,) =07 (0(v,)+o(v,))

where ¢ ' is the inverse of the generator ¢. The generator needs to be a complete
monotonic function (see, for example, Nelsen, 2006, Theorem 4.6.2). A generator
uniquely (up to a scalar multiple) determines a copula, so the Archimedean
representation allows us to reduce the study of a bivariate copula to a single univariate

function. The p-quantile regression curve for an Archimedean copula is given by

x, =5’ [cp‘ {(p((p” [%(p'(Fll (x, ))n —o(E (x, ))D

Archimedean copulas find a wide range of applications because of the ease with
which they can be constructed, the great variety of families that belong to this class, and
the many nice properties possessed by the members of this class. Details of generators
for various Archimedean copulas can be found in Nelsen (2006). Three of the more
frequently-used families of copulas are Gumbel, Clayton, and Frank, whose expressions

and generator functions are given in Table A.1.

Table A.1: Archimedean copula characteristics. Nelsen (2006)

Family | Parameter space | Generator @ Bivariate copula Cy(u,v)
Gumbel a<l (-Int)* exp(-((-Inu)®)+ ((-Inv)*) ")
—at _ 1 e*Otu _1 e*OLV _1
Frank oLe(-00,00) ~InS ! ——In| 1+ ( _2( )
e *—1 o) e —1
1 - -0l -0l -1/a
Clayton o> 0 —(t-1) max((u®+v*-1)"%,0)
o

Gumbel copulas are asymmetric copulas that have non-linear positive
dependence throughout the data and exhibit greater dependence in the positive tail than
in the negative. Frank copulas describe situations of symmetric tail independence and
are an appropriate option when modeling strong positive or negative dependence
throughout the data. Dependence in the tails of the Frank copulas tends to be relatively
weak compared to the Gaussian copulas, with the strongest dependence centered in the

middle of the distribution, suggesting that Frank copulas are most appropriate for data
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that exhibit weak tail dependence (Trivedi and Zimmer, 2005). Clayton copulas are
asymmetric copulas describing situations of non-linear positive dependence throughout
the data, but, in contrast to the Gumbel copulas, they exhibit greater dependence in the
negative tail than in the positive. The relationship between the parameter of the
Archimedean copulas and Spearman’s pg is summarized in Table A.2.

Table A.2: Association between some Archimedean copulas and the Spearman
rank correlation

Copulas Spearman’s p,
Gumbel No closed form
12(1 e 1 20t
Frank pS’Frzl_E(ajo et—ldt_a 0 et—ldt]
Clayton No closed form

A.4. Estimation of copulas

Usually, copula C belongs to a family of copulas indexed by a parameter 6: C = C(u,,
up; 0) and the marginals {Fj; i=1,2} and the corresponding univariate densities {fj;
i=1,2} are indexed by parameters {o;; i=1,2} with {F; = Fi(x;; o), fi = fi(x; ai); i=1,2}. In

this case, it is necessary to estimate the values of 0, o; and a.,.

If we have data corresponding to a random sample {(XEJ),X(;)); j=1,...,n} of

(X1,X3), the most direct estimation method is the simultaneous estimation of all
parameters using the full maximum likelihood (FML). The log-likelihood function is
given by:
L(0,01,02) =Z:10gfL2 (ng),x(j);al,az,e)
i=1

where the joint density function fj , is given by:

fl,2 (Xlaxz;alaazoe) = C(Fl (Xl;al)an(Xz;a2);e)-f1 (Xl;al)'fz (Xz;az)

8C(u1,u2;6)

where c(u;, up.0) =
u,ou,

is the copula density and fj, f; are the density functions

of the marginal distributions F; and F,.

The full maximum likelihood estimator — MLE — (6M*,a}"*,6"* ) of the

model parameters (a;, oy, 0) corresponds to the simultaneous maximization of the log-

likelihood L:
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(&?ALE,&;ALE,GMLE)Z arg max L(a,,0,,0)=

a,0,,0

=argmax, ., o i log C(Fl (ng); & )’ E, (X(zj); a; } 9)+ iilog f; (Xi(j); 0‘1)

j=1 i=l j=l

A second option is a sequential 2-step maximum likelihood method referred to
as the method of inference functions for marginals (Joe, 2001) (IFM) in which the
marginal parameters a, o, are estimated in the first step, and the dependence parameter
0 is estimated in the second step using the copula after the estimated marginal
distributions have been substituted into it. This method exploits the attractive feature of
copulas in which the dependence structure is independent of the marginal distributions,

in such a way that

L(@,OLUOLZ): w +(L1(OL1)+L2(OL2))

dependence marg inals

where Lc(0) = Z:Iogc(F1 (xflj);ocl),F2 (x(zj);az) ;9) is the log-likelihood contribution from
=1
the dependence structure in data represented by copula C, and

Li((xi):ZIngi(x(j);oci), 1 =1, 2 are the log-likelihood contributions from each

i
i=l

margin: observe that L, +L, is exactly the log-likelihood of the sample under the
independence assumption.
In the first stage of the inference procedure, the estimators o " of the

parameters o; are estimated from the log-likelihood Li(oi) of each margin:

o; " =argmax, L, (ct;). That is, (&FM,&;FM) is the MLE of the model parameters under

1

independence. In the second stage of the procedure, the estimator éi”:M of the copula

parameter Gi[FM 1s computed by maximizing the copula likelihood contribution L¢ with

the marginal parameters 0 replaced by their first-stage

. ~IFM , nIFM
estimatorso;  : 0

=argmax, L (&IFM, a ™, 9).

As discussed in Joe (2001), the MLE and IFM estimation procedures are
equivalent in the special case of multivariate normal d.f.’s that have multivariate
Gaussian copulas and univariate normal margins. Naturally, however, this equivalence

is not a general rule. Furthermore, and similar to the MLE, the IFM estimator
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(&FM,&IZFM,QIFM) is consistent and asymptotically normal under the usual regularity

conditions (Serfling, 1980) for the bivariate model and for each of its margins.
However, estimation of the corresponding covariance matrices is difficult both
analytically and numerically because it is necessary to compute many derivatives, and
the use of jack-knife and related methods increases the difficulty (see Joe, 2001).

Efficiency comparisons based on the estimation of the asymptotic covariance
matrices and Monte-Carlo simulation for different dependence models suggest that the
IFM approach to inference provides a highly efficient alternative to the MLE estimation
of multivariate model parameters.

This second IFM method has a variant in which a non-parametric method is used

to estimate the univariate marginal densities, denoted f, (x,) and f, (x,). This is used to

compute the empirical distribution functions, F(x,) and F,(x,), which may be treated
as realizations of the uniform random variables, U; = Fi(X;) and U, = Fy(Xj),
respectively. In this case, given, {ﬁlj =F, (xij)),ﬁzj =F, (xg”),j = 1,...,n}, and a copula C,
the dependence parameter 0 can be estimated as follows:

0™ = argmax anlogc(ﬁlj,ﬁzj;e)

j=1

A.5 Goodness of fit of the selected copula
We study the goodness of fit of the estimated model M given by equations (8)-
(9), by calculating the p-values given by:

mll’l{P[[S 2 pobserved | 1\/[]71)[‘,5 < pobserved | M]} (Al)
where pobserved 18 the value of the Spearman p coefficient observed in the sample and
p|M is the sample Spearman p distributions assuming that M is the true model. These

p-values are calculated using the Monte Carlo method by means of the following
algorithm:

A.5.1. Algorithm

Let {(ATR“),EA(D,SIZE“),RISK‘”,SECTOR”)), j=1,...,n} be the dataset. Let popserved the

Spearman p value of {(ATR(”,EA“)), j= 1,...,n}

Step 0: Fix S the number of simulations.

Step 1: For s=1,..., S carry out the steps 1 Ato 1 D
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Step 1 A Draw (ufj),u(;j;j = 1,...,n) from copula C(u;,u;)

Step 1 B Calculate (S?TR(S) =F., (uff),sf“” = Fg"ElA (ufj));j = 1,...,n)

€

Step 1 C Calculate

ATRES) = STR +B{*TRSizej +B§TRRiskj + B;ATR Sector; + SfTR ;7=1,...,n
EAY =B,* +B"Size, + B, Risk, + B, Sector; +&;" ; j=1,...,n
Step 1 D Calculate p® Spearman p coefficient of {(ATRES),EAE” ); j= 1,...,n}

Step 2 Calculate

S S
min {é z I( P <P pered ) , é Z I (P(s) 2 Ppserved )}

s=1 s=1

The calculation with (EA,ROA) is similar. In the paper we have taken S = 1000.
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