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Abstract

Using comprehensive firm and plant level data for more than 4,500 French manufacturing
firms, this paper examines the impact of the European Union Emissions Trading Scheme.
The EU ETS is the EUs flagship climate policy, establishing since 2005 a carbon market
across Europe with more than 11,400 plants in 31 countries regulated at present. Our
results suggest that ETS regulated manufacturing plants in France reduced emissions by
an average of 15-20%, a significant amount. The most marked reduction occurs following
the onset of Phase II of the EU ETS in 2008, though there a some signs of reductions
during Phase I (2005-2007). While this is promising from a climate policy point of view,
we also find a significant reduction of employment in regulated firms of about 7% in Phase
IT.
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1 Introduction

The European Union has been a central player in the global efforts to curb greenhouse gas
(GHG) emissions and mitigate climate change. In 2005, the EU launched the Emissions Trading
System (EU ETS), the first international carbon trading scheme in the world. Following a three-
year pilot period, Phase II of the EU ETS was launched in 2008. Across its 28 Member States
(MS) and in three EEA states, the EU ETS covers large plants from COs-emission intensive
industrial sectors, namely power generation, mineral oil refineries, coke ovens, iron and steel and
factories producing cement, glass, lime, brick, ceramics, pulp and paper, and all combustion
activities with a rated thermal input exceeding above 20MWh. During the first two years,
this scheme included approximately 10,600 industrial plants from 25 MS. There are now 31

countries and more than 11,400 plants taking part in the Scheme.

This is paper estimates the causal impact of the EU ETS using comprehensive firm and plant
level data. Plant level data allows us to compare the performance of plants covered by the
EU ETS with similar plants that are not. Compared to studies at the aggregate level which
have to identify effects by projecting a baseline into the future, this allows idiosyncratic shocks

affecting the economy as a whole and specific sectors over time to be taken into account.

The central outcome of interest for a policy such as the EU ETS are CO, emissions. The
only source for representative emissions data for both EU ETS and non EU ETS plants are
confidential business surveys maintained by government statistical agencies. Access to these
datasets is restricted and subject to disclosure control. This explains why studies of this
kind haven’t been undertaken to date. This paper uses administrative panel data on French

manufacturing plants to shed light on this issue.

Because of the unilateral nature of the EU ETS, there is also considerable concern regarding
its impact on economic outcomes, specifically impacts on the competitiveness, economic per-
formance and employment of regulated companies. Official datasets provide one of the most

reliable sources for this kind of information and we explore these outcomes as well.

Our results suggest that EU ETS-regulated manufacturing plants reduced emissions by an
average of 15-20%, a significant amount. The most marked reduction occurs following the
onset of Phase II of the EU ETS in 2008, though there a some signs of reductions during
Phase T (2005-2007). While this is promising from a climate policy point of view, we also find
a significant reduction of employment in regulated firms of about 7% in Phase II.. Because
these results are relative to non-regulated firms we have to be cautious in making claims about
aggregate effects. Emission reductions at the national or global level could be lower than 20%
if there are leakage effects. These could arise either as leakage from regulated EU firms to non-
regulated sectors within the EU or outside the EU. Analysis of further outcome variables in
future research could shed further light on this issue as we discuss in detail below. However, it is
permissible to consider our results as an upper bound on the effects of the EU ETS on emissions.

Arising from concerns surrounding leakage, we aim to disentangle the channels through which



these reductions take place. We find little evidence of within-firm leakage, presumably the
least cost leakage strategy available to firms that have both ETS and non-ETS facilities, and
observe that reductions arise predominantly through adjustments relating to the composition
of emissions i.e. fuel mix. Given the lack of leakage within-firm, these results could mitigate
concerns of strategic behaviour and its implications for leakage between markets. However,
additional opportunities in markets outside of the ETS such as cheaper energy costs, may still

raise concerns.

The paper is structured as follows: The next section reviews the existing economics literature
on the EU ETS. Section 3 describes the two datasets used in this paper. In section 4 we discuss
the econometric approach adopted and the results on both energy consumption and efficiency

and section 5 concludes.

2 Existing Literature

There are a number of studies on the EU ETS. While the financial economics literature has
analysed the workings of the allowance market (e.g. Alberola et al. (2009), Trotignon & Delbosc
(2008)), one policy variable that is heavily debated at both the academic and policy level is
the practice of allocating emission permits. Ellerman et al. (2007) give a detailed account of
the development of the NAPs under Phase I in 10 European countries. Important dynamic
effects of a permit allocation scheme that derive from the treatment of plants that close and
of new entrants are analysed by Ahman et al. (2007). Previous research has also shown that
these variations in the allocations of different firms regulated by the EU ETS are important for

innovation (Martin et al., 2013c).

A natural consequence of the implementation of the EU ETS is that firms in the ETS face
higher carbon prices than their competitors outside the EU who are not subject to compar-
able regulation. This has led to worries about a possible loss of competitiveness of European
industry. A widespread approach to assessing these effects has been to calibrate computable
general equilibrium (CGE) models that are capable of predicting the consequences of differen-
tial carbon pricing across regions and the resulting carbon leakage (see the survey by Paltsev,
2001). Another strand of research conducts ex ante analyses of the competitiveness effects of
the EU ETS, based on simulations and with particular attention to sectoral detail. Existing
studies (such as see McKinsey & Ecofys, 2006 or Reinaud, 2005) conclude that competitiveness
effects are moderate as long as permit allocation is free of charge. As a larger share of permits
will be auctioned in the future, the most energy intensive industries will be at risk of a com-
petitiveness loss. Grubb et al. (2009) argue that such detrimental competitiveness impacts are

limited to a small number of industry sectors.

Very few ex post evaluation studies of the competitiveness effects of the EU ETS have been

completed to date. Martin et al. (2013d) review this literature in detail. Demailly & Quirion
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(2008) and Anger & Oberndorfer (2008) study the impact of the EU ETS on production and
profitability respectively for the sector of iron and steel industry in a sample of German firms.
The former study finds modest competitiveness losses and the latter no significant impact on
revenues and employment of the firms under regulation. Recent research has also established
that the existing allocation rules by the EU are not optimal and could be modified to achieve
greater emissions reductions and at the same time a lower risk of carbon leakage and loss of
competitiveness (Martin et al., 2013b and Martin et al., 2013a). Apart from that, researchers
have been keen to evaluate the effectiveness of the EU ETS at incentivizing carbon abatement.
Ellerman & Buchner (2008) and work by Delarue & D’haeseleer (2007) combine the Com-
munity Independent Transaction Log (CITL) and carbon price data to perform counterfactual
simulations at the sector level. Ellerman et al. (2010) also use a macro approach as well as
data on the electric utility sector to study abatement. All three show the overall success of the
market-based instruments on emissions abatement, even though the emission caps in Phase I
turned out not to be binding. Emission caps in Phase II have been more ambitious so that the

risk of over-allocation has been substantially reduced (Ellerman & Joskow, 2008). !

Wagner et al., 2014 use administrative data on German manufacturing firms to estimate the
impact of the EU ETS using nearest-neighbor matching. They find a significant reduction
in carbon emissions during the first half of phase II (the last year included is 2010) in the
order of 25% at treated firms. While employment was not affected by the EU ETS, they find
moderate but statistically significant increases in the value of output and exports during the
second phase. In contrast to their firm-level analysis, this paper also analyses the policy impact

at the sub-firm level.

In summary, much of the econometric evidence on the effects of the EU ETS so far is limited in
scope and based primarily on sector-level analysis. While such an approach gives a first insight
on the effects of the policy, it does not provide conclusive evidence in terms of discerning the
causal effect of the EU ETS from other concurrent events. Below, we will address this problem
by making use of longitudinal observations at the level of the individual business enterprise,
for both ETS and non-ETS firms to study the effects of the policy on energy use and economic

performance.

3 Data

3.1 L’Enquete Annuelle sur les Consommations d’Energie dans I’Industrie
(EACEI)

The EACEI (Annual survey of energy consumptions in the industry) is a survey conducted

! As far as other climate policy measures are concerned, it has been shown that the Climate Change Levy for
UK manufacturing firms had no significant impacts on employment, gross output or total factor productivity
and that a substantial tax discount granted to some firms prevented further cuts in energy use (Martin et al.,
2011).



until 2008 by the Service des études et des statistiques industrielles (SESSI)? of the ministry
in charge of manufacturing.®It provides quantities and values of energy consumed by energy
type as well as the different usages of each type of energy. Other variables provided in the
survey include employment, geographical location and sectoral classification. Information for
the following energy types is requested from the surveyed firms: electricity (bought, auto-
produced and resold), vapour, natural gas, other types of gas available on the network, coal,
lignite, coke, butane, propane, heavy fuel oil, heating oil, other petroleum products, the black
liquor (a byproduct from the chemical decomposition wood for making paper pulp), wood and
its by-products, special renewable fuels, special non-renewable fuels. Electricity usages include:
driving force, thermal uses, other uses (including electrolysis). For other types of energy, the
survey distinguishes between: manufacturing, electricity production, raw materials, heating

and other purposes.

Until 2007, firms covered by the survey included those in sectors 12 to 37* according to the
NAF rev.1 classification, equivalent at the two digit of the NACE rev. 1. In the most re-
cent years, about 12,000 establishments are part of the sample: all industrial establishments
employing 20 employees or more in the most energy consuming sectors (23.32Z, 23.51Z and
23.527) ; all establishments with more than ten employees in sector 20.11Z (manufacturing of
industrial gases); all establishments with more than 250 employees on the 31st of december
of that year; a sample of establishments with employment between 20 and 249 employees in
sectors that are not energy intensive. The sampling frame of this sample includes all French
manufacturing enterprises and establishments. The level of survey is the establishment rather
than the enterprise given that energy consuming materials, electricity and gas meters and fuel

tanks are held at that level. The response rate is close to 90%.

3.2 L’Enquete Annuelle des Entreprise (EAE)

The Enquete Annuelle des Entreprise, French annual business surveys data, also conducted by
SESSI, are available for the period 1993 to 2007 . Firm and plant level data is available for firms
with more than 20 employees and all the plants of those firms. At the firm level, the dataset
provides balance-sheet data including turnover, employment, capital, and aggregate wages as
well as information about firm location and industry classification. The data is less detailed at

the plant level but includes main variables of interest.

3.3 The Community Independent Transaction Log

When the EU ETS was established in 2005, each Member State created its own national

registry containing allowance accounts for each plant and other market participants. These

2Since 2009 the EACEI is conducted by the Statistical direction of INSEE, the National Institute of Statistics
and Economic Studies

3All Firm-level data used here was provided for research purposes by authorisation of the Comité du Secret
Statistique.

dexcept sectors 15, 16, 20.1A, 22.1 and 23



registries interlink with the Community Independent Transaction Log (or CITL), operated by
the Commission, which will record and check every transaction. It is now centralised as the
European Union Transaction Log (or EUTL). Each of the 12,000 plants has an "operator holding
account" in its national registry, into which its own allowances are being issued. Any individual
or organisation wishing to participate in the market is able to open up their own "person holding
account" in any of the registries. The CITL’s web pages makes publicly available contact details
for each account, the number of allowances allocated under the "national allocation plan" as
well as the compliance position of each plant. Records of other types of transactions will be

made available after a period of five years has passed.

In France, the national registry is managed by the Caisse des Dépots. Their website provides
additional information, including a link between the permit identifier (GIDIC) from the national
registry and the SIREN (Systéme d’Identification du Répertoire des ENtreprises) identifier from
the INSEE. Although each plant in the EACEI is identified by a SIRET number, the SIREN
number corresponds to the first nine digits of the SIRET number, which allows a quasi-perfect
matching of the two databases through the SIREN and postcode identifiers. When multiple
plants of a EU ETS participating enterprise share the same postcode, name matching and

latitude-longitude information available in the CITL was used to ensure a better match.

3.4 Descriptive statistics

The resulting dataset includes 5,957 plants within 4,589 firms. 287 firms and 384 plants are
part of the EU ETS. Table 1 presents descriptive statistics of the different variables used in
our econometric analysis. Table 2 demonstrates how ETS and non-ETS plants differ within
these dimensions. Table 3 presents descriptive statistics of the different variables used in our
econometric analysis for ETS plants, based on whether they are: within firms with multiple
plants that only have ETS plants; firms with both ETS and non-ETS plants; single plant ETS

firms.

4 Research Design

In this study, we exploit variation in the selection criterion by which plants are required to join
the EU ETS. Building on the potential outcomes framework, commonly used in the program
evaluation literature, we propose that plants can be in one of two states, either part of the

market-based EU ETS, or prevailing in a state of business as usual.’

Let ETS; = 1, if plant 7 is a member of the EU ETS and is therefore part of the “treatment
group”. Let ETS; = 0 if plant ¢ is not part of the EU ETS and is therefore part of the
control group. The potential outcomes Y;;(1) and Y;;(0), conditional on membership and non-
membership respectively, denote the outcome variables of interest for plant i in the post-

treatment period (t=1) or the pre-treatment period (¢=0). We are interested in estimating the

5See Holland (1986) for a deeper discussion of causal inference, the potential outcomes framework, and its
history.



sample average treatment effect on the treated (SATT):
aarr = E[Yi (1) = Yau(0)|ETS; = 1],

where a7 measures the average effect of the EU ETS on the outcome variable of interest,
namely plant level emissions. Emissions at both treated and untreated plants are observed for
several years prior to the announcement of the EU ETS in 2000, prior to its implementation in
2005 and for Phases I and II of the scheme.®

The problem of identifying the causal effect of the EU ETS arises from missing data. Plant-
level emissions data for EU ETS participants during the years following the implementation of
the programme can be used to identify E[Y;;(1)|ETS; = 1]. However, [Y;1(0)|ET'S; = 1] is not
observed. Counterfactual outcomes are constructed using emissions observed at plants that are
not subjected to the EU ETS during the duration of the study.

The crudest and most naive estimate of the a47r is obtained by computing an unconditional
difference-in-difference. However, one of the major constraints in estimating the causal effect of
the EU ETS is constructing a suitable counterfactual, with which to compare EU ETS plants.
If there are significant differences between the characteristics of ETS and non-ETS plants, that
are correlated to plant-level emissions dynamics, then estimates of the causal effect of the EU
ETS on emissions and economic outcomes may be seriously biased (see Heckman, Ichimura,
and Todd, 1998).

abased = B[AY;(1)|ETS; = 1] + E[Yy| ET'S; = 1] — E[Yy|ETS; = 0).

To reduce the bias introduced by observable differences between ETS and non-ETS plants, we

employ a number of strategies that condition on observable variables.

4.1 Parametric conditioning strategies .

Within a parametric framework, we employ two strategies to reduce any bias introduced from
differences in the characteristics between ETS and non-ETS plants. First we use ordinary least
squares (OLS) to control for observable factors that affect plant-level emissions and energy use.
Secondly, we impose a common support on the sample of the treatment and control groups and
control for observables in order to provide a similar distribution of covariates between ETS and
non-ETS plants.

Under both conditions we use OLS to estimate the following specification:

AY; = «a- ETS; + X! + ¢,

where AY; = Y, — Yy, the difference in the outcome variable between the post-treatment and
pre-treatment time period, X;, a vector of observable covariate, including pre-treatment plant-

specific economic measures. Finally, o captures the average treatment effect on the treated of

6Emissions are converted from fuel use from the EACEI database using standardized conversion factors to
be used by EU ETS participants in France provided by the ADEME agency.
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the EU ETS on changes in Y; over time, and ¢; the error term is assumed to be independent of

the treatment indicator, ET'S;, and covariates in Xj.

However, there are a number of concerns which may accentuate the bias in our results, even
after controlling for observable differences between treated and untreated plants. These con-
cerns may be warranted if there are differences in the distributions of the vector of control
variables, X;, between ETS and non-ETS plants. If the control variables for non-ETS plants
are not appropriately reweighted to impose a common support to control for differences in the

distribution, this will bias the aa77.

As a first effort to mitigate the effects of biases, resulting from distributional concerns we first
restrict the sample to provide a measure of common support between ETS and non-ETS plants.
As an alternative, and more robust method of mitigating these concerns we implement semi-
parametric matching estimators in the spirit of Heckman, Ichimura, and Todd (1997; 1998),
Blundell et al. (2001) and Abadie (2005).

4.2 Semi-parametric conditioning strategies.

As discussed, a simple comparison of ETS plants with non-ETS plants, even after controlling
for observables may still result in bias attributing some of the changes between the outcome
variables to the EU ETS when they are really the result of other systematic differences between
treatment and control plants. Matching estimators, an extension of standard regression ap-
proaches, can help us to reduce this bias, while avoiding the parametric assumptions about the
relationship between the outcome variable and the control variables in X;. Our approach follows
Heckman et al. (1997, 1998) who implement the following generalized difference-in-difference
estimator:
1
s = B[V (1)~ Yio(D)|Xs, BTS: = 1] = 5 3 {0 (1) =Y (0)) = 3w (¥is (0)—Yiey (0))
j€n kelo

where I; denotes the set of EU ETS plants, Iy the set of non-ETS plants, and N; the number
of participating plants in the treatment group. The treated plants are indexed by j; the
control plants are indexed by k. The weight placed on a non-ETS plant when constructing the
counterfactual estimate for EU ETS plant j is w;,. Weights for control plants are constructed

using a process of nearest neighbour matching, where similarity is based on X.

A final assumption, necessary to rule out spillovers and general equilibrium effects, is that po-
tential outcomes at one plant are independent of the treatment status of other plants. This
is known as the stable unit treatment value assumption (SUTVA; Rubin, 1980). While it is
straightforward to demonstrate that the common support condition and parallel trends as-
sumption is satisfied, other assumptions, such as SUTVA are not testable. However, we can
implement indirect tests to evaluate whether these assumptions are plausible. This is of im-
portance as it might be the case that within a firm, emissions are reallocated from ETS plants

to non-ETS plants. By, aggregating our analysis to the firm level we can check for potential



spillovers within firm, although we are unable to rule out spillovers between firms. For all
plant level regressions the standard errors are clustered at the firm level to account for any

within-firm correlation across plants.

5 Results

In this version of the paper we report results from the semi-parametric difference-in-difference
approach. For each EU ETS plant x year we identify the closest match based on a propensity
score. The propensity score is estimated using the carbon intensity of each plant in the year
2000, the announcement year of the EU ETS. We also match exactly on the 2-digit sector of

each plant.” Balance tests are reported in the appendix.

We begin by examining the effects of the EU ETS at the plant level. We then test the robustness
of these results at the firm level, and decompose any effects based on the structure of the firm

in order to identify the presence, if any, of strategic behaviour and leakage.

All observations prior to the year 2000 are defined as the pre-announcement phase, a test of
the parallel trends assumption. Between 2000 and 2004 we define the announcement phase, to
capture any strategic or expectations-related behavior by firms associated with the EU ETS
before its implementation. Phase I is defined as 2005-2007 and Phase II is defined as 2008-20108.
The coefficient in table 4 reports the average of each of these Phases, the average treatment
effect on the treated. In addition, the average treatment effect on the treated for each year is

reported graphically after each table.

5.1 Plant Level Results

Table 4 presents the main results for this paper, applying a semi-parametric difference-in-
difference strategy to plant level manufacturing data in France. Each panel reports the average
treatment effect of the EU ETS on treated facilities relative to the announcement of the EU ETS

in 2000 for a different outcome variable: GHG emissions, Employment, and Carbon Intensity.

In panel A, we observe the effect of the EU ETS on the GHG emissions of ETS plants, relative
to non-ETS plants. Of importance we note that during the pre-announcement period there
appears to be no significant differences between ETS and non-ETS facilities. In both the
announcement phase and Phase I, we observe no significant differences in emissions between
ETS and non-ETS facilities, relative to the baseline year 2000, however, the coefficients are
negative and increasing over time. In Phase II we find that the EU ETS has had a significant
effect on plant level emissions, observing a reduction in GHG emissions ranging from 13.5-19.8%),
with the effect size increasing as we restrict the maximum distance between matching partners,

reducing measurement error, and consequently attenuation bias in the reported coefficients.

Panel B, reports the effects of the EU ETS on employment within ETS plants, compared to

“In the event that plants report different sectors over time, we use the sector that is reported most often.
8Phase II carried on until 2012, but the confidential data for French firms is only available until 2010



non-ETS plants. Interestingly, we observe a reduction in employment during the announcement
phase and also in Phase II indicating that the EU ETS may have had an impact on the
competitiveness of ETS-plants. We observe that the announcement of the EU ETS reduced
employment by around 2%, while Phase II of the EU ETS reduced employment by around
7%. However, because these results are relative to non-regulated plants we have to be cautious
in making claims about aggregate effects. With regards to the employment effects and their
welfare consequences, it is unclear whether the EU ETS increased unemployment, or whether
employees can easily gain work locally in non-ETS plants. We find no effects on employment
in Phase I. Furthermore, the lack of an effect in the pre-announcement phase is consistent with

the assumption of parallel trends.

The EU ETS appears to have had no effect during the Phase I on neither employment or
emissions indicating that plants may have had little incentive to reduce emissions. This may
be the result of plants not being able to bank credits between Phases at the time as well as an
overly generous free allocation of permits which resulted in a plummeting of the price on the
market after a few years, thus reducing the incentive to make investments to reduce emissions.

In addition, firms may have questioned the extension of the EU ETS into Phase II.

Unfortunately, due to data limitations, we are unable to examine the effect of the EU ETS on
carbon intensity, defined as emissions divided by output. However, we are able to get some
measure of carbon intensity by examining the effect of the EU ETS on emissions divided by
employment. Panel C reports that the EU ETS reduced the carbon intensity of production by
8-12% during Phase II with no robust effects during the other phases.” This indicates that the
reductions in emissions are significantly greater than the reductions in employment, improving

the efficiency of production with respect to GHG emissions.

5.2 Firm Level Results

Table 5 aggregates the plant level data to each firm in order to test the robustness of these
results and identify the potential within-firm leakage or reallocation.In panel A, we observe
similar results to those observed at the plant level. There are no significant differences in
the emissions between ETS and non-ETS facilities prior to the second phase. In Phase IT we
observe significant reductions in emissions, however, the magnitude of this effect is markedly
decreased to around a 10% reduction in emissions. It is unclear whether this is the result of
within-firm leakage, or the result of measurement error attenuating the magnitude of the effect.
Measurement error is introduced when aggregating to the firm level as the selection criterion
for EU ETS membership is at the plant level. Consequently, if firms contain both non-ETS
and ETS facilities we are assigning the non-ETS facilities ETS status when aggregating to the
firm level. However, it may still be the case that firms reallocate emissions within-firm as this
would be the least cost strategy of mitigating the effects of the EU ETS. This provides an

indirect test of the potential for leakage between markets. With rational firms, evidence of

9We observe a weakly significant increase in carbon intensity during the announcement phase, but this is
not robust once we restrict the maximum distance between nearest neighbours.
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leakage within firms would point to the possibility of leakage between markets. However, if
there is no evidence of within-firm carbon leakage , presumably the least-cost option, then an
argument could be made that firms are unlikely to reallocate emissions overseas. The following
section, aims to decompose the effect of the EU ETS on emissions through an examination of

firm structure as well as the composition of emissions in terms of fuel share.

In contrast to the plant level results we find no effect of the EU ETS during Phase IT on firm-
level employment. As a result, we also observe no effect on carbon intensity. As discussed,
measurement error is introduced as a result of aggregating to the firm level so it may well be
the case that the effects on labour are too noisy at the firm level to identify, supported by the
imprecision of the coefficients, which are of similar size to the plant level coefficients. However,
it may well be possible that firms re-allocate labour within the firm, a reasonable outcome
even in the short-run. As with the emissions results, we aim to better understand whether

within-firm reallocation is possible through an examination of firm structure.

5.3 Disentangling the Channels
5.3.1 The Composition of the Firm

Table 6 presents the results of our analysis to disentangle the plant level results, exploiting
the structure of firms, to uncover evidence of strategic behavior and within-firm leakage.!? In
column (1) and (2), we report the impact of the EU ETS on ETS plants that are part of firms
that contain non-ETS plants relative to all non-ETS plants. We observe a smaller coefficient
size equal to around 11% in Phase II, relative to the effect across all plants, however this effect
is insignificant, most likely due to a large reduction in power associated with sample size. This
may capture the opportunities that these multi-plant ETS firms have, relative to firms that
only have ETS plants, in reallocating emissions within-firm. To test this hypothesis further
columns (3) and (4) presents the impact of the EU ETS on ETS plants that are part of firms
that contain non-ETS plants relative to non-ETS plants that are not part of ETS firms. This
removes the opportunity for ETS plants to be matched with other plants within the same
firm. If there is evidence of carbon leakage within-firms we would expect that removing this
option would reduce the size of the coefficient as the difference would only capture reductions
from ETS firms, as opposed to increases by control plants. However, we observe that there
are is effectively no difference in the coefficients between columns (1) and (3) and columns (2)
and (4). This appears to indicate that in columns (1) and (2) the treatment plants are not
being matched to other plants within the firm. While this test doesn’t support within-firm
leakage, the results for these plants are insignificant and roughly 50% smaller than the average
effect across plants. Consequently, further testing is required to confirm the absence of within-
firm leakage. Columns (5) and (6) report the results for firms that have no opportunity for

reallocating emissions within-firm i.e. single plant ETS firms and multi-plant ETS firms with

10The results for each firm structure are reported twice. The first column restricts the maximum distance
between neighbours to 50%. The second column restricts the maximum distance between neighbours to 10%.
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only ETS plants. If within-firm leakage occurs within multi-plant firms that have both ETS
and non-ETS plants, we should expect the effect size for firms that only have ETS plants to
be much larger. We observe that during Phase II ETS plants reduce emissions by between
12-16%, relative to non-ETS plants. The magnitude of the coefficients in columns (5) and (6)
are slightly larger than the magnitude of the coefficients in columns (1-4), indicating that if

there is within-firm leakage it is equivalent to an effect size equal to 2-5%.

A sufficient condition for the presence of within-firm leakage is to test the impact of the EU
ETS on non-ETS plants in ETS firms, reported in columns (7) and (8). If there is evidence of
within-firm leakage we should observe a significant increase in emissions for these plants. In both
column (7) and (8) we observe no significant effect of the EU ETS on emissions. Furthermore, as
we restrict the distance between neighbors from 50% to 10%, the pre-treatment trends improve
and the magnitude of the coefficients decrease from a 3% increase in emissions to a 0.8% increase
in emissions, indicating the precision of the zero effect. Combined, these results do not provide
convincing evidence of within-firm reallocation of emissions, providing supporting evidence for
an argument against between-market carbon-leakage. However, the sample size in columns (5)
and (6) are roughly 3 times larger than columns (1-4) and columns (7) and (8) providing much
greater power to identify a statistically significant effect. If with an increase in sample size the
effects observed in columns (7) and (8) were significant, the size of within-firm leakage appears
to be very small, around 5% of emissions for multi-plant firms that have non-ETS plants. From
the descriptive statistics in Table 3, these plants account for 30% of ETS plants. Consequently,
with a leakage effect of 5% within these plants, this corresponds to a leakage effect equal to
1.65% across the EU ETS.

The evidence appears to suggest that there is little or no leakage within-firms, indicating that
between-market leakage may also be limited. However, it is important to note that there may
be additional benefits to reallocating emissions to unregulated markets, such as reductions in
energy costs. Furthermore, we are unable to directly reject the hypothesis that firms with no
within-firm reallocation opportunities reallocate emissions between markets. It is important
to note that it is still possible, even without within-firm carbon leakage, for between-market

carbon leakage to occur from single-plant and multi-plant firms that have only ETS plants.

5.3.2 The Composition of Emissions

In order to better understand whether reductions in emissions are real reductions or the result
of leakage, we explore the composition of emissions. This allows us examine the degree to which
emissions are reduced through changes in the fuel mix. Table 7 reports the impact of the EU
ETS on the role that coal, oil, gas and steam as a share of each plant’s fuel mix. The result
that stands out most is a reduction in coal by ETS plants during Phase II. We observe that
ETS plants, relative to non-ET'S plants reduce their share of coal by around 2%. We see similar
reductions in the share of oil, and increases in the share of gas, and small increases in steam
use, however, these are not statistically significant. This indicates that the carbon intensity of
the fuel mix in ETS plants falls during Phase II of the EU ETS.
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6 Conclusions

This paper provides plant-level evidence of the effectiveness of the EU ETS on environmental
and economics outcomes. Unlike previous research, we use plant level data to exploit variation
in the selection criterion by which plants are required to join the EU ETS. Plant-level data
allows us to precisely estimate the impact of the EU ETS by comparing the performance of
plants covered by this policy with similar plants that are not. Compared to studies at the
aggregate level which have to identify effects by projecting a baseline into the future, this
allows idiosyncratic shocks affecting the economy as a whole and specific sectors over time to
be taken into account. This not only allows us to identify and measure the impact of the EU

ETS, but also disentangle the mechanisms by which plants and firms respond.

Our results indicate that the EU ETS has resulted in a significant reduction in GHG emissions
within ETS plants, close to 20%, relative to non-ETS plants. We observe that the driver of
these emission reductions appears to be through changes in the carbon intensity of fuel used
by the plants. In addition, we examine the degree to which firms that have both ETS and
non-ETS plants engage in strategic behaviour resulting in within-firm leakage, the least-cost
mitigation strategy. We find little evidence to support this hypothesis, finding that, at most,
within-firm carbon leakage would account for 5 percentage points of the emission reductions for
multi-plant firms that have non-ETS plants. However, this result is statistically insignificant
and accounts for only a 1-2% reduction in emissions, relative to non-ETS plants, 10-20% of
the overall emission reductions. Given, the lack of evidence for within-firm leakage, this begs
the question as to how much between-market leakage occurs. Future work, aims to examine
the effect of the EU ETS on imports and exports within- and outside of the European Union

linking firms with their trading partners.

In addition to environmental outcomes, it is of policy and academic interest to understand
whether the EU ETS has an effect on economic outcomes. Due to its unilateral nature there
are concerns that the EU ETS has had a detrimental impact on the competitiveness, eco-
nomic performance, and employment of regulated companies. We observe that ETS plants face

significant reductions in employment, equal to around 7%, relative to non-ETS facilities.

Our results indicate that in spite of concerns regarding the effectiveness of the EU ETS, there
are considerable reductions in emissions. While there appear to be some reductions in em-
ployment, further work is needed to better understand these impacts on competitiveness and
economic performance alongside any general equilibrium effects associated with the EU ETS.
Furthermore, a better understand the potential for carbon leakage using import and export

data linking firms to trading partners within and outside of the EU.
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Descriptive Statistics

Table 1: Descriptive statistics - All Plants

Mean Std. Dev  Observations No. of Plants No. of Firms

All plants

GHG Emissions 14.462 151.117 66,596 5,957 4,589
Employment 306.373  508.492 66,596 5,957 4,589
Multiplant Firm 0.441 0.496 66,596 5,957 4,589
Carbon Intensity 0.066 0.298 66,596 5,957 4,589
Coal Share 0.007 0.067 66,596 5,957 4,589
Oil Share 0.143 0.232 66,596 5,957 4,589
Gas Share 0.363 0.294 66,596 5,957 4,589
Steam Share 0.007 0.062 66,596 5,957 4,589

Multi-plant firms

GHG Emissions 20.231 215.524 29,385 2,647 1,279
Employment 369.701  610.847 29,385 2,647 1,279
Carbon Intensity 0.075 0.259 29,385 2,647 1,279
Coal Share 0.009 0.074 29,385 2,647 1,279
Oil Share 0.135 0.229 29,385 2,647 1,279
Gas Share 0.368 0.292 29,385 2,647 1,279
Steam Share 0.011 0.076 29,385 2,647 1,279

Single-plant firms

GHG Emissions 9.906 64.364 37,211 3,310 3,310
Employment 256.364  403.026 37,211 3,310 3,310
Carbon Intensity 0.059 0.326 37,211 3,310 3,310
Coal Share 0.005 0.060 37,211 3,310 3,310
Oil Share 0.149 0.235 37,211 3,310 3,310
Gas Share 0.358 0.296 37,211 3,310 3,310
Steam Share 0.004 0.048 37,211 3,310 3,310

Notes: Descriptive statistics are for all available years.
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Table 2: Descriptive statistics - Difference in Means

Mean Mean Difference
ETS non-ETS  (ETS - non-ETS)

All plants
GHG Emissions 104.341 6.568 97.773%%*
(6.861)  (0.173) (2.115)
Employment 554.751  284.557 270.193%%*
(18.391)  (1.374) (7.156)
Multiplant Firm 0.608 0.426 0.181***
(0.006)  (0.001) (0.007)
Carbon Intensity 0.377 0.039 0.337***
(0.009)  (0.0008) (0.004)
Coal Share 0.038 0.004 0.034%**
(0.001)  (0.0002) (0.0009)
Oil Share 0.157 0.142 0.014%**
(0.003)  (0.0009) (0.003)
Gas Share 0.452 0.355 0.097***
(0.001)  (0.004) (0.004)
Steam Share 0.015 0.006 0.009***
(0.001)  (0.0002) (0.0008)
Observations 5,377 61,219 66,596
Plants 384 5,573 5,957
Multi-plant firms
GHG Emissions 119.203 7.83 111.364%**
(10.951)  (0.261) (1.257)
Employment 603.141 340471 262.669%**
(25.367)  (2.386) (3.563)
Carbon Intensity 0.381 0.037 0.345%**
(0.010)  (0.0008) (0.004)
Coal Share 0.049 0.004 0.045%**
(0.002)  (0.0003) (0.001))
Oil Share 0.149 0.134 0.015%**
(0.004)  (0.001) (0.004)
Gas Share 0.432 0.361 0.071%***
(0.005)  (0.001) (0.005)
Steam Share 0.014 0.010 0.003***
(0.001)  (0.0004) (0.001)
Observations 3,270 26,115 29,385
Plants 230 2,347 2,647
Single-plant firms
GHG Emissions 81.276 4.168 75.63%**
(4.168)  (0.230) (1.389)
Employment 479.652 242.962 236.690***
(25.472)  (1.574) (8.596)
Carbon Intensity 0.368 0.041 0.327%**
(0.018)  (0.001) (0.007)
Coal Share 0.021 0.004 0.016***
(0.002) 1 (0.0003) (0.001)
Oil Share 0.168 0.147 0.020%**

(0.006)  (0.001) (0.005)



Table 3: Descriptive statistics - ETS plants

Mean  Std. Dev  Observations No. of Plants No. of Firms
Only ETS Multi-Plant Firms
GHG Emissions 69.745 89.812 1,405 100 57
Employment 507.617  1225.922 1,405 100 57
Carbon Intensity 0.313 0.417 1,405 100 57
Coal Share 0.007 0.054 1,405 100 57
Oil Share 0.182 0.274 1,405 100 57
Gas Share 0.465 0.326 1,405 100 57
Steam Share 0.016 0.074 1,405 100 57
Multi-Plant ETS Firms
with non-ETS plants
GHG Emissions 156.462  823.738 1,865 130 76
Employment 675.103  1,596.274 1,865 130 76
Carbon Intensity 0.435 0.665 1,865 130 76
Coal Share 0.081 0.206 1,865 130 76
Oil Share 0.124 0.239 1,865 130 76
Gas Share 0.407 0.333 1,865 130 76
Steam Share 0.012 0.066 1,865 130 76
Single-Plant Firms
GHG Emissions 81.276 191.365 2,107 154 154
Employment 479.652  1169.233 2,107 154 154
Carbon Intensity 0.368 0.857 2,107 154 154
Coal Share 0.021 0.101 2,107 154 154
Oil Share 0.168 0.168 2,107 154 154
Gas Share 0.484 0.326 2,107 154 154
Steam Share 0.018 0.083 2,107 154 154

Notes: Descriptive statistics are for all available years.
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Figure 1: Proportion of firms that have multiple plants, by sector - All Plants
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Figure 2: Proportion of ETS firms that have multiple plants, by sector - ETS Plants
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Plant Level Results

Table 4: Results from difference-in-difference propensity score matching estimators (plant level)

(1) () ®3) (4) ()

Base Year Base Year Base Year Base Year Base Year

(2000) (2000) (2000) (2000) (2000)
Panel A: GHG emissions
Aln(GHG Emissions)
Pre-Announcement SATT -0.005 -0.006 -0.003 -0.003 -0.007
(0.014) (0.014) (0.014) (0.014) (0.015)
Announcement Phase SATT -0.002 -0.001 -0.002 -0.0009 0.002
(0.012) (0.012) (0.012) (0.013) (0.014)
Phase I (2005-2007) SATT -0.020 -0.030 -0.030 -0.032 -0.030
(0.024) (0.024) (0.024) (0.024) (0.028)
Phase IT (2008-2010) SATT -0.135%*** -0.151%*** -0.155%** -0.168*** -0.198***
(0.036) (0.036) (0.037) (0.039) (0.046)
Panel B: Employment
Aln(Employment)
Pre-Announcement SATT -0.008 -0.009 -0.006 -0.006 -0.011
(0.009) (0.009) (0.009) (0.009) (0.010)
Announcement Phase SATT -0.027*** -0.023** -0.023** -0.021%** -0.017
(0.010) (0.010) (0.010) (0.010) (0.010)
Phase I (2005-2007) SATT -0.010 -0.009 -0.012 -0.012 -0.015
(0.023) (0.023) (0.023) (0.023) (0.026)
Phase IT (2008-2010) SATT -0.068** -0.064** -0.066** -0.072%* -0.070**
(0.030) (0.030) (0.029) (0.030) (0.033)
Panel C: Carbon Intensity
Aln(GHG/Employment)
Pre-Announcement Phase SATT 0.003 0.003 0.003 0.003 0.003
(0.014) (0.014) (0.014) (0.014) (0.015)
Announcement Phase SATT 0.024* 0.022 0.021 0.020 0.019
(0.014) (0.014) (0.014) (0.014) (0.016)
Phase I (2005-2007) SATT -0.010 -0.020 -0.018 -0.020 -0.014
(0.026) (0.025) (0.026) (0.027) (0.030)
Phase IT (2008-2010) SATT -0.067* -0.086** -0.088*** -0.096*** -0.128%***
(0.034) (0.034) (0.034) (0.035) (0.041)
Observations 5,377 5,313 5,258 5,138 4,701
Clusters 287 285 283 283 270

Notes: Treatment plants are matched to control plants based on carbon intensity, with exact matching
on sectors at the 2 digit level. Column 1 has no restrictions on the distance between neighbours.
Column 2 restricts the distance of the nearest neighbour to 100%. Column 3 restricts the distance
of the nearest neighbour to 50%. Column 4 restricts the distance of the nearest neighbour to 25%.
Column 5 restricts the distance of the nearest neighbour to 10%. Significance levels are indicated as *

0.10 ** 0.05 *** 0.001. Robust Standard errors, clustered at the firm level, are in parentheses.
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Base Year 2000

Figure 4: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Figure 5: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Figure 6: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Base Year 2000 (maximum distance 10 percent)

Figure 7: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Firm Level Results

Table 5: Results from difference-in-difference propensity score matching estimators (firm level)

(1) () ®3) (4) ()

Base Year Base Year Base Year Base Year Base Year

(2000) (2000) (2000) (2000) (2000)
Panel A: GHG emissions
Aln(GHG Emissions)
Pre-Announcement SATT 0.005 0.004 0.004 0.004 0.004
(0.015) (0.015) (0.015) (0.015) (0.016)
Announcement Phase SATT 0.014 0.015 0.014 0.018 0.021
(0.015) (0.015) (0.015) (0.015) (0.016)
Phase I (2005-2007) SATT 0.012 0.012 0.012 0.001 0.030
(0.030) (0.031) (0.031) (0.031) (0.034)
Phase IT (2008-2010) SATT -0.091** -0.085** -0.082** -0.099** -0.108**
(0.038) (0.039) (0.039) (0.039) (0.047)
Panel B: Employment
Aln(Employment)
Pre-Announcement SATT -0.010 -0.011 -0.011 -0.011 -0.020
(0.016) (0.017) (0.017) (0.017) (0.018)
Announcement Phase SATT -0.040** -0.039** -0.038%* -0.037** -0.036**
(0.016) (0.017) (0.017) (0.017) (0.017)
Phase I (2005-2007) SATT -0.026 -0.025 -0.027 -0.024 -0.012
(0.027) (0.027) (0.027) (0.028) (0.029)
Phase IT (2008-2010) SATT -0.060 -0.050 -0.051 -0.056 -0.063
(0.037) (0.037) (0.037) (0.038) (0.040)
Panel C: Carbon Intensity
Aln(GHG/Employment)
Pre-Announcement Phase SATT 0.015 0.015 0.016 0.016 0.024
(0.017) (0.017) (0.017) (0.017) (0.018)
Announcement Phase SATT 0.054*** 0.054%** 0.053%** 0.056%** 0.058%**
(0.018) (0.018) (0.018) (0.019) (0.019)
Phase I (2005-2007) SATT 0.039 0.038 0.039 0.026 0.042
(0.029) (0.029) (0.030) (0.030) (0.033)
Phase IT (2008-2010) SATT -0.030 -0.034 -0.030 -0.042 -0.045
(0.032) (0.033) (0.033) (0.033) (0.038)
Observations 3,893 3,822 3,765 3,665 3,239
Clusters 290 288 287 282 271

Notes: Treatment plants are matched to control plants based on carbon intensity, with exact matching
on sectors at the 2 digit level. Column 1 has no restrictions on the distance between neighbours.
Column 2 restricts the distance of the nearest neighbour to 100%. Column 3 restricts the distance
of the nearest neighbour to 50%. Column 4 restricts the distance of the nearest neighbour to 25%.
Column 5 restricts the distance of the nearest neighbour to 10%. Significance levels are indicated as *
0.10 ** 0.05 *** 0.001. Robust Standard errors, clustered at the firm level, are in parentheses.
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Base Year 2000

Figure 8: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Figure 9: Difference in log(GHG) emissions and log(Employment) between treatment and com-
parison firms over time.
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Figure 10: Difference in log(GHG) emissions and log(Employment) between treatment and
comparison firms over time.
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Base Year 2000 (maximum distance 10 percent)

Figure 11: Difference in log(GHG) emissions and log(Employment) between treatment and
comparison firms over time.
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The Composition of the Firm

Table 6: Results from difference-in-difference propensity score matching estimators (plant level)

(1) 2) 3) (4) ©) (6) (7) (8)

ETS ETS ETS ETS only ETS only ETS  Non-ETS Non-ETS
(2000) (2000) (2000) (2000) (2000) (2000) (2000) (2000)

Panel A: GHG emissions

Aln(GHG Emissions)

Pre-Announcement SATT 0.012 0.020 0.019 0.031 0.009 0.009 0.045* 0.038
(0.024) (0.026) (0.027) (0.030) (0.013) (0.014) (0.026) (0.023)

Announcement Phase SATT 0.017 0.023 -0.005 0.009 0.010 0.017 -0.011 -0.012
(0.028) (0.034) (0.023) (0.018) (0.014) (0.015) (0.029) (0.061)

Phase I (2005-2007) SATT 0.008 0.027 -0.007 0.004 -0.011 -0.006 0.078 0.010
(0.056) (0.066) (0.055) (0.070) (0.028) (0.033) (0.055) (0.061)

Phase II (2008-2010) SATT -0.111 -0.107 -0.104 -0.106 -0.122%**  _0.166*** 0.079 0.048
(0.073) (0.088) (0.075) (0.093) (0.043) (0.085) (0.055) (0.050)

Panel B: Employment

Aln(Employment)

Pre-Announcement SATT 0.024 0.022 0.034* 0.033* 0.008 0.005 0.044 0.038
(0.016)  (0.017)  (0.017)  (0.018)  (0.010) (0.010) (0.030) (0.028)

Announcement Phase SATT  -0.050**  -0.041*%  -0.071%%*  -0.046*%*  -0.028** -0.022* -0.027 -0.025
(0.020) (0.021) (0.020) (0.018) (0.012) (0.012) (0.021) (0.021)

Phase I (2005-2007) SATT -0.033 -0.018 -0.037 0.016 -0.013 -0.014 0.042 0.041
(0.041) (0.044) (0.041) (0.045) (0.024) (0.028) (0.047) (0.049)

Phase II (2008-2010) SATT -0.100* -0.057 -0.095 -0.059 -0.067** -0.066* 0.038 0.037
(0.058) (0.063) (0.060) (0.065) (0.044) (0.040) (0.037) (0.039)

Panel C: Carbon Intensity

Aln(GHG/Employment)

Pre-Announcement SATT -0.012 -0.002 -0.014 -0.002 0.001 0.003 0.001 -0.00007
(0.026) (0.028) (0.027) (0.029) (0.014) (0.015) (0.024) (0.026)

Announcement Phase SATT  0.067**  0.065* 0.066** 0.055* 0.038** 0.039** 0.015 0.012
(0.028) (0.034) (0.026) (0.033) (0.015) (0.016) (0.028) (0.027)

Phase I (2005-2007) SATT 0.041 0.045 0.029 0.020 0.001 0.008 0.035 -0.030
(0.047) (0.056) (0.048) (0.059) (0.027) (0.032) (0.044) (0.043)

Phase II (2008-2010) SATT -0.011 -0.050 -0.009 -0.047 -0.054 -0.099** 0.040 -0.010
(0.061) (0.071) (0.062) (0.076) (0.036) (0.044) (0.051) (0.052)

Observations 1,355 1,166 1,350 1,148 4,163 3,665 1,625 1,491

Clusters 65 61 65 61 245 233 64 63

Non-ETS plants

in ETS firms included Yes Yes No No N/A N/A Treatment  Treatment

in sample

Notes: Treatment plants are matched to control plants based on carbon intensity, with exact matching on sectors at the 2 digit
level. Columns 1, 3, 5, and 7 restricts the distance to 50%. Columns 2, 4, 6, and 8 restricts the distance to 10%. Significance levels

are indicated as * 0.10 ** 0.05 *** 0.001. Robust Standard errors, clustered at the firm level, are in parentheses.
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Table 7: Results from difference-in-difference simple average matching estimators (plant level)

1) (2) 3) (4) (5) (6) (7) (8)
(2000) (2000) (2000) (2000) (2000) (2000) (2000) (2000)
Coal Coal Oil Oil Gas Gas Steam Steam

Pre-Announcement SATT 0.004 0.004 0.0001 0.0001 0.002 0.001 -0.003 -0.003
(0.003) (0.003) (0.007) (0.007) (0.007) (0.008) (0.002)  (0.003)
Announcement Phase SATT -0.006 -0.010**  -0.014%**  -0.012*%*  0.020***  (.023%** 0.002 0.002
(0.004) (0.004) (0.005) (0.005) (0.006) (0.006) (0.003)  (0.003)
Phase I (2005-2007) SATT -0.003 -0.008 -0.010 -0.007 0.009 0.013 0.003 0.006
(0.006)  (0.007)  (0.010)  (0.012)  (0.012)  (0.015)  (0.005) (0.005)
Phase II (2008-2010) SATT  -0.018*%*  -0.023** -0.016 -0.016 0.020 0.021 0.005 0.006

(0.008)  (0.009)  (0.012)  (0.015)  (0.015)  (0.019)  (0.005)  (0.005)

Observations 5,258 4,701 5,258 4,701 5,258 4,701 5,258 4,701

Clusters 283 270 283 270 283 270 283 270

Notes: Treatment plants are matched to control plants based on carbon intensity, with exact matching on sectors at the 2
digit level. Columns 1, 3, and 5 restricts the distance to 50%. Columns 2, 4, and 6 restricts the distance to 10%. Significance

levels are indicated as * 0.10 ** 0.05 *** 0.001. Robust Standard errors, clustered at the firm level, are in parentheses.
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Appendix 1 - Balance Tests

The following figures, present balance tests for the matching covariates used. In addition, we
present results demonstrating robustness to the restriction of the maximum distance between
the treatment observation and its nearest neighbor. The base year used in all balance tests is

2000.

Figure 12: Distribution of pre-treatment log(Carbon Intensity) for ETS plants and non-ETS
plants: before matching and after matching

< <
™ ) /‘ /
o o~ \/
o 4 J\/ o4
T T T T T T T T T T
-15 -10 -5 0 5 -6 - -2 0 2
Log (Carbon Intensity) Log (Carbon Intensity)
ETS plants non-ETS plants ETS plants non-ETS plants |

Figure 13: QQ plot of pre-treatment log(Carbon Intensity) for ETS plants against pre-treatment
log(Carbon Intensity) for non-ETS firms before matching and after matching
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By comparing the plots in figure 12 we can see the improvements that matching has made in
the distributions of the treatment and control groups. The QQ plots in figure 13 further demon-
strate the improvements that matching can make. Panel A in figure 13 shows the probability
distributions of the treatment and control groups without matching; panel B the distributions
when matching on carbon intensity (50% maximum distance); panel C the distributions when

matching on carbon intensity (10% maximum distance).

As an additional check, we examine the distribution of other pre-treatment characteristics before
and after matching that were not included in the covariates used for matching: log(GHG) and

log(Employment).
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Figure 14: Distribution of pre-treatment log(GHG Emissions) for ETS firms and non-ETS
firms: before matching and after matching.
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Figure 15: QQ plot of pre-treatment log(GHG Emissions) for ETS firms against pre-treatment
log(GHG Emissions) for non-ETS firms before matching and after matching
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Figures 14 and 15 indicate that there has been a significant improvement in the balance between
the treatment and comparison groups for greenhouse gas emissions even without matching on
this covariate. Understandably, this balance isn’t as precise compared with carbon intensity,

however, it is a vast improvement on the unconditional difference.

Figure 16: Distribution of pre-treatment log(Employment) for ETS firms and non-ETS firms:
before matching and after matching
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Figure 17: QQ plot of pre-treatment log(Employment) for ETS firms against pre-treatment
log(Employment) for non-ETS firms before matching and after matching
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Figures 16 and 17 examine the balance between pre-treatment employment. Again, we see that

the distribution is much improved compared to the unconditional difference. The QQ plots in

figure 17 demonstrate this as well.

The QQ plots in panel B of figure 11 indicates that there may be some skewness in the dis-

tribution to the right. In spite of this the balance is an improvement upon the unconditional
difference.

In the graphs below, we visualize the change in the sample used when we reduce the maximum

distance between treatment units and their nearest neighbor at intervals of 100%, 50%, 25%
and 10%.
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Figure 18: Nearest neighbours included when the maximum distance between treatment and
control is restricted to 100%
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Figure 19: Nearest neighbours included when the maximum distance between treatment and
control is restricted to 50%
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Figure 20: Nearest neighbours included when the maximum distance between treatment and
control is restricted to 25%

Log (GHG Emissions) Log (Employment) Log (Carbon Intensity)

[ B Notinciuded BN Included | [ Notincluded B Incluced | [ ot included BN incluced |

Figure 21: Nearest neighbours included when the maximum distance between treatment and
control is restricted to 10%
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