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Abstract

Proponents of the green growth strategy worldwiaddd ithat reductions of harmful greenhouse gas
emissions through environmental policy can be pdsiogether with increased growth and can result in
higher competitiveness. Solid tests of this thesmey impaired by the lack of appropriate empiricaixges

for the commitment to, and stringency of, environtaé policy. We contribute to the literature by:) (1
computing different indicators of environmentalipglstringency, both previously used in the litearatand
novel, (2) testing to what extent they convey samihsights through a comparison exercise, angh8yving

the implications of using one or the other methodyplin an empirical application testing whether rutoies
with more stringent environmental and energy pofiaye indeed shown historically higher degree efgyn
efficiency. The application is cast in an EnergyzKets Curve framework. The analysis quite naturally

carries over to the role of, more generally, ecocgolicy.
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1. Introduction

Assessing the effectiveness of economic policyeistral to Economics. From monetary policy
and financial regulation to wage policies and lalarket regulation, from competition policy or
welfare and poverty support intervention to enenggulation to environmental policies, the role
of economic policy is pervasive. Notably, the efife@ness in reaching the desired goals is often,

if not always, taken for granted.

Raising concerns about the impact of anthropoggneenhouse gas emissions (GHG) have
recently pushed more and more governments to takerete mitigation actions. To this end,
countries are implementing increasingly stringentimnmental policies which are aimed at
internalizing the social cost of pollution or, aftatively, at reducing the price wedge between
clean and dirty technologies. This shift is howeaetompanied by rising concerns that increased
environmental policy stringency may come at theemsge of competitiveness and well-being,

especially in light of the recent economic downturn

Indeed, mainstream Economics holds that environahgudlicy represents an additional cost
(burden) for firms, and this will necessarily hatheir productivity and competitiveness. As an
example, the so-called Pollution Haven Hypothesstydates that increasing environmental
standards will push polluting firms to relocate @dd, suggesting that this will likely harm the
competitiveness and the welfare of citizens in toes with more stringent regulation (Tobey,
1990; Cole and Elliott, 2003; Levinson and TayR04).

Although many among researchers and policy makadsthat “you cannot have the cake and eat
it, too”, maintaining that environmental quality daimncreased competitiveness are conflicting
policy goals, the recent policy discourse is cahtva the possibility of setting the economy on a
green growth path. Proponents of this strategy dwade hold that fostering reductions of
harmful greenhouse gas emissions through envirotahenlicy can be pursued together with
increased growth and can result in higher competigss (Jaffe et al., 1995). For instance, Porter
(1991) and Porter and Van der Linde (1995) claintleat well-crafted and well-enforced
environmental regulation would benefit both the immvment and the firm. Supporters of this
view argue that environmental policy stringencylwibt harm competitiveness, but will benefit
firms through increased innovation activity and rmwed productivity (Gray and Shadbegian,
1993; Jaffe and Palmer, 1997; Lanoie et al., 2@80ibec at al., 2013).

The debate on the impact of environmental policeoonomic growth has important implications,
but solid tests are impaired by the lack of appetprempirical proxies for the commitment to,



and stringency of, environmental policy. Most o€ thtudies on the impact of environmental
policy on growth, productivity, and trade-relateariables present conflicting results. This is due
to three main reasons: (i) they differ in the sangf sectors/countries considered, (ii) they apply
different empirical approaches and methodologiad, &ast but not least, (iii) they use different
proxies for the stringency of environmental poli§uch diversity makes it very hard to draw

definite conclusions on the role and effectiveradssnvironmental policy.

In this paper we conduct an empirical investigabrvhether different policy indicators convey
overlapping or complementary information. This msimportant question, which has implications
for the analysis of environmental policy impact @onomic growth. If the different indicators
proposed in the literature convey similar inforroafi concerns about using one or the other
indicator in empirical applications would be highhytigated. Conversely, if, as we might expect,
these indicators convey different and complemeniafgrmation, benefits can in principle be

drawn by building a more general indicator captyiiimformation from each of the components.

We proceed in three steps. First, we compute skeweérhe policy indicators suggested in the
literature. These include emission-based indicat®swell as composite policy indexes and
information about environmental R&D expendituresec&d, we compare them through a
statistical analysis aimed to understand to whaterdgx the various indicators convey
similar/overlapping information. We concentrate differences in average country rankings to
show how the different indicators capture variatidmetween countries. Third, we focus on
differences in capturing within country variatiofo this end, we use the policy indicators in an
application to assess to what extent empirical l[fesabtained in a panel setting are indicator-
dependent. Specifically, we test whether countrigs more stringent environmental policy have
indeed shown historically higher levels of enerdfjceency. We carry out this analysis in an
Energy Kuznets Curve framework using panel datal®bOECD countries over the years 1995-
2009.

The preliminary results emerging from the statedtanalysis show that the various environmental
policy proxies do not always convey the same indram. Specifically, some indicators result in
significantly different average country rankingsthim the sample. However, our empirical
application shows that, notwithstanding these thffiees in explaining between countries
variation, all indicators perform in a similar way our empirical application. This suggests that

within-country variation is similarly captured bl the indicators computed.



The remainder of the paper is organized as foll@&extion 2 reviews the methodologies used in
the empirical literature to proxy for the stringgraf environmental policy. Section 3 presents the
indicators of environmental policy. Section 4 comgsahe various indicators. Section 5 uses these
indicators in an empirical application to energfjogéncy. Section 6 concludes.

2. Environmental Policy Stringency: Measurement and Conceptual |ssues

Measuring environmental policy stringency is a vdifficult task. Brunel and Levinson (2013)
highlight the main challenges faced in any empirasalyses. First, countries can choose from a
wide array of policy instruments to address climated energy concerns. Each of these
instruments is characterized by a different levedféectiveness, dynamic efficiency and political
acceptability (Fisher and Newell, 2008). Hence|ding a policy indicator requires facing this
“multidimensionality” of a country’s policy portfa. Second, countries with worse pollution
challenges might impose more stringent options. &babunting for this would provide a biased
indicator of environmental policy stringency. Thigbme “initial condition” or some time varying
characteristics, such as the industrial compositibthe economy, the level of energy efficiency
or the age of capital, might crucially affect th®lidy of countries to implement certain (lower €ps
options. Finally, environmental policy is often egenously determined. Notwithstanding these
obstacles, several indicators have been proposkdmpiied in the literature. They can be grouped
in four main categories: (a) pollution abatemerfioref (b) direct assessments of regulations, (c)
emission-based indexes, and (d) composite indisator

a) Variables measuring pollution abatement effortseseninclude measures of both private and

public effort. Pollution Abatement Costs and Expamés (PACE) by private firms is among
the most common indicators used. They are obtdiraed firm surveys. The main criticisms
to such indicators are that they are subject tosomeanent errors, that they are potentially
plagued with reverse causality issues, and thttdrpresence of market or behavioral failures
they do not successfully measure the level of @guy pressure (Berman and Bui, 2001).
Measures of government efforts to control pollutieciude environmental R&D expenditures,
total revenue from environmental taxes and the ioiighx rate on energy. These indicators
gauge the commitment of governments to devote pubtiney to the support of pollution or
emission control. However, since this is only adirect measure of government effort, this

proxy has been less and less used as other diesdures, such as emissions and cost data,

! Brunel and Levinson (2013) identify five categsri®y splitting our first category into private @ffs (PACE) and
government R&D efforts.



b)

d)

have become available. Note that both types ofipso&re generally characterized by very

poor country coverage, as we will further discusow.

Direct assessments of reqgulations. When dealindy wiery narrowly-focused research

guestions, researchers have often resorted to fispgubxies for environmental policy

stringency. This approach becomes increasinglycditfas the focus of analysis widens. For
instance, finding good proxies based on directsassent of regulation at the sector or country
level is difficult due to multidimensionality andnwltaneity. An alternative widely-used

strategy in this category of proxies is to trea S Clean Air Act as a natural experiment,
since its standardized air quality limits (the NA8JQRaddress both problems above. Another
example of a narrow regulation-based measure isigheof the lead content of gasoline as an

indicator for overall environmental regulatory sgency.

Composite indexes. Some of the earliest examplahisftype of indicator were based on

simple indexes constructed from counts of regutationon-governmental environmental
organizations, international treaties signed, andla variables. Another approach is to use
statistical aggregation techniques, such as Pahcpomponent Analysis, on a set of
environmental policy indicators. More recently, egaches have been proposed to model
environmental policy stringency as a latent vagabvhich we will discuss more in detail

below.

Measures based on ambient pollution, emissionsnergy use. Some studies have turned the

guestion on its head and used emissions, ambidhitipn, or energy use as measures of
stringency. Early attempts in this direction usefimation about the level of (or the change

in) emissions and energy use at the country ooséstel. However, both changes and levels
can differ across countries for many reasons dtier environmental policy stringency, such

as for instance differences in industrial compositand in the degree of trade openness.
Furthermore, emission- or energy use-based indicatie also likely to mirror changes other

than in regulatory stringency, such as for examplefactor prices. To overcome these

shortcomings, Brunel and Levinson (2013) refines tapproach and propose an indicator
which is computed calculating the distance of eamimtry from the sample average.

In this paper, we focus on three of the above caieg; namely variables measuring pollution

abatement effort, composite indicators and emisbased indicatoré.The first type of indicator

has been widely used in the past (especially PAG&)yithstanding the scattered data coverage.

% “Natural experiment” approaches are useful, betrerd to find in a cross-country setting.



The second and the third types of indicators haeently become more and more popular due to
increased data availability across a wide set aht@es. Hence, these two types of indicators will
be increasingly used in future assessments of tiveommental policy impact on economic
growth.

In the next section, we compute and compare sepesales which have been implemented in the
past to measure environmental policy stringencyis Thpresents to date the only attempt at

comparatively assessing different options to mesasuavironmental policy stringency.

3. Data Sour ces, Indicators and Descriptive Statistics

Focusing on three different types of environmeptdicy indicators necessarily requires selecting
different datasets. We describe each indicatoretaidbelow. Combining the data availability of
the various indicators, we are able to create gbaof at most 19 OECD countries over the years
1995-2009 In order to make all indicators comparable in raightforward way, we normalize
them between 0 and 10 by applying the transformatie(I-lnin)/(Imax - Imin)*10, where 1 is the
normalized indicator, | is the indicator under adesation, and i, and hax are the lowest and
the highest values of the indicator in our sanip@ountry-level averages for the different
indicators over the sample period are present@bie 1. In the rest of this Section, we present
and discuss each indicator and briefly commentt®time development for the countries in our
sample. A comparison of the country rankings olgidiftom the average values of each indicator
over the sample period is conducted in the nextisecA comparison of the performance of
several indicators in a panel setting is subseduenésented and discussed in Section 5 through

an empirical application.
3.1 Proxiesfor Pollution Abatement Effort

We select four indicators that can be used to prfoxya country’s pollution abatement efforts:

PACE, energy R&D budgets, the implicit tax rateamergy and total environmental tax revenues.
The time profiles of all normalized indicators gmesented in Figure 1 and descriptive Statistics
are provided in Table 1. As already mentioned, rmfation about all these indicators is missing

for some countries in some years.

% The countries are Austria, Australia, Belgium, & Germany, Denmark, Spain, Finland, France Utieed
Kingdom, Greece, Hungary, Italy, Japan, Netherlamitstugal, Sweden, Turkey, and the United Stefes.the
indicators measuring pollution abatement efforppaata coverage causes our panel to be unbalanced.

* This transformation leaves the statistical andigo# analysis carried out in the following sectiounchanged, but
provides an easy visual way to compare the diffeigdlicators in Sections 3 and 4 and to interphet associated
coefficients in Section 5.



Table 1: Descriptive Statistics for All Indicator§ountry Averages 1995-2009

PACE GDP R&D_GDP ITRE TET_GDP EPS MBEPS NMBEPS SUM6 SUM15 LATENT6 LATENT15 BL_CO2 BL_PCA
Australia 1.495 0.989 0.895 1.125 2.917 3.636 2.765 3.301 9660. 0.185
Austria 7.992 0.953 1.631 4.720 4.959 5.386 4.444 8.056 86.76  6.404 6.661 6.249 3.831
Belgium 4.107 1.355 0.338 4.481 1.972 0.729 2.931 3.611 44.39 3.542 4.642 2912 1.534
Canada 2.200 3.286 3.986 2.667 5.139 5.303 4.274 4.042 1.518 0.566
Denmark 4.090 1.474 8.045 8.958 5.601 4.719 6.056 7.639 27.22 7.534 7.143 2.391 2.706
Finland 3.383 3.681 0.405 5.811 5.490 4.365 6.139 5.833 44.39 5.907 5.824 2.401 2.482
France 4.156 2.429 2.560 3.968 2.986 3.267 2.708 5.417 6.667 5.948 6.572 6.346 2.289
Germany 4.707 0.964 3.207 4.453 4.313 4.766 3.819 6.944 26.16 6.717 6.862 3.167 2.101
Greece 1.181 0.467 1.174 4.568 2.531 3.178 2.000 5.938 5.795 5.701 6.037 2.192 3.472
Hungary 4.675 4.381 0.865 2.470 2.352 2.531 4.219 5.057 85.07 5.633 0.998 0.426
ltaly 6.167 1.429 6.186 5.580 2.425 2.563 2.292 5.972 7.273 .3345 6.195 3.939 2.503
Japan 4.347 3.184 4.246 2.292 4.583 5.707 4.497 5.611 5.695 .565 7
Netherlands 5.610 2.105 2.439 6.725 4.148 3.120 4.806 5.972 5.606 5.909 5.580 2.502 3.076
Portugal 2.667 0.107 2.490 6.841 2.611 2.489 2.667 5.833 585.7 5.244 5.771 2.475 1.086
Spain 3.242 0.641 1.900 3.410 3.773 5.227 2.542 6.806 7.929 .2876 6.574 3.510 1.924
Sweden 2.074 1.568 2.986 5.469 4.260 4.197 4.167 5.000 4.697 6.179 6.299 7.953 4.027
Turkey 1.007 0.12¢ 0.62¢ 0.55¢ 0.76¢ 2.20¢ 2.03: 1.062 1.57¢ 1.93¢ 1.56(
United Kingdom 2.509 0.411 3.324 4.766 2.202 1.510 2.722  88%. 4.949 4.435 5.377 3.562 1.813
USA 1.752 3.422 4.684 2.361 6.111 6.010 3.909 4.556 1.322 800.5

Note: Indicator averages are not reported for thosmtries in which there are missing values



PACE, namely expenditures by the productive sectorgollution abatement and control, is
among the most popular early indicators of pollutadatement effort. This is notwithstanding the
difficulties linked with the use of expenditure datighlighted in the previous section and the fact
that the use of PACE data for countries other thenJSA has historically proven difficult due to
bad coverage statisticsHence, the potential of PACE to serve as indicafgolicy stringency is
limited. Nevertheless it is important to includentthis analysis given the widespread use it has
been subject to, and the fact that many of theydandlings based on this indicator are still very
relevant today (see, for instance, Jaffe and Palt®éi7). In our analysis, we use PACE as a
percentage of GDP as retrieved from the EUROSTAfBlese to proxy for the environmental
effort of a given country (EUROSTAT 2015). Scalithgg PACE variable by GDP is necessary,
especially when carrying out cross country comparisto account for the size of a given
country’s economy, which would determine differemcen the ability to sustain PACE
expenditures by firms (PACE/GDP).

A second widely used proxy is data on governmert@nR&D expenditures. These inform on

the willingness of each country to support and stve carbon free technologies, and provide a
clear signal and incentives for investors. Tradilty, energy R&D investments have been among
the most commonly used instruments to support teeldpment of carbon-free and green

technologies, with most countries introducing tuism of support already in the early 1970s in

the wake of the oll crisis (Hascic et al., 201While some differences exist in the statisticsduse

to compute the country-level figures, the IEA Enefgchnology R&D Statistics Database (IEA

2015) provides information on Government R&D expamds to support a number of important

energy technologi€$As in the case of PACE statistics, we scale gawemt R&D expenditures

in energy by the GDP of a given country to accdantifferences in the sizes of the economies
considered (R&D/GDP).

A third possible indicator of commitment to envinsental policy is the implicit tax rate on
energy (ITRE). While taxing energy goods and se@wvimay simply be a way to collect revenues
on a good with a relatively inelastic demand, tffece of a higher implicit tax rate is that of
reducing energy consumption. Since most energy tetently was produced using fossil fuels, a

higher tax would have de facto the same impact striagent environmental policy regulation,

® For instance, comparable statistics are availablg for the EU and do not allow the creation dialanced panel
dataset: see Rubashkina et al., 2015.

® The categories reported in the database inclugg: dells, fossil fuels power technologies, storagghnologies,
cross-cutting research, nuclear, energy efficiehggrogen, renewable energy and transport.



resulting in lower energy consumption and assodiataissions. Data on the implicit tax rate on
energy is taken from EUROSTAT (2015).

The final candidate as proxy for environmental @oliommitment is the amount of total revenue
from environmental and energy taxes as a shareD#? ET/GDP). Along the same lines of
reasoning made above for the implicit tax rate owergy proxy, a higher revenue from
environmental taxes relative to GDP would indicatemore stringent commitment towards
environmental policy. Data on TET is taken from ERERTAT (2015).

Figure 1: Proxies for Pollution Abatement Effort, 1995-2009
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In Figure 1 we report the behavior across time ardss countries of pollution abatement effort
just described. From the figure it appears thag itidicators measuring private and public
pollution abatement effort show significant hetenogity across the countries in our sample, both
in terms of level and in terms of time profile. @ih a few cases the indicators show that
stringency/commitment of policy has increased duee (for instance, ITRE and TET/GDP in
the Netherlands or RDD/GDP in Finland and Hunga@mly in the case of France the four

indicators convey a very similar picture.

3.2 Composite Indicators



In order to build several composite indicators, iy on a recent database produced by the
OECD which was the basis for the creation of theCOEEPS composite indicator (Botta and

Kozluk, 2014). The advantage of being able to buildegeral indicators by relying on the same
data source allows isolating changes in the indisaperformance that are entirely attributable to
the aggregation technique, which is the scope ofcomparative analysis. The data underlying
the OECD EPS indicator provide a unique opportutatgo so, and have become available only

recently.

The OECD database contains information on 15 differenvironmental policy instruments
implemented in OECD countries, including both Noarkkt Based (NMB) and Market Based
(MB) instruments. NMB policies include limits to lhttants (SQ, NGO, Particulate Matters and
Sulphur Content of Diesel) and Government enertpted R&D expenditures as a percentage of
GDP. MB policies include feed in tariffs (FITs -lapand Wind), taxes (on GOSQ,, NO, and
Diesel), certificates (White, Green and §@nd the presence of deposit and refund schemes
(DRS). All variables are continuous, except DRSalhis a 0/1 indicator for the presence of such

schemes.

As said, the OECD database has been used to prdurECD EPS composite indicator whose
main features are the followirigirst, the 15 continuous policy indicators are gatized as a
Likert scale from O to 6 by identifying specificnisi® These 15 Likert-scale scores are then
aggregated into 6 large macro-instruments: TaxestifiCates, Limits, FIT, DRS and R&D by
using weights. Subsequently, these 6 indicators aaygregated into a MB score (Taxes,
Certificates, FIT, DRS) and a NMB score (R&D andhits). Finally, the EPS Composite score is
obtained as the average between the MB and NMBesc@iven its relevance for the present
analysis, we compute the OECD EPS indicator andptemment it with several other composite
indicators proposed by the literature.

A second indicator we consider that has been isorgly used in empirical analyses on the
inducement effect of environmental policy is buitdlowing Nesta et al. (2014). Specifically, a
score of 1 is assigned to a country starting frbmen year in which it first implements a given
policy instrument. The composite policy indicaterthen computed by summing the different

dummy indicators for each country and year. Gilenibformation contained in the EPS database,

"We refer the interested reader to Botta andlido(2014) for a detailed description of the metblogy.

8 Note, importantly, that these bins are not equalpaced. Rather, the authors derive them by amajyttie

distribution of the underlying data. Also the wefglused for aggregation (mentioned later in thdi@@care not
equal. Hence, the process to build such indicatoather time consuming and arguably involves jutg® to a great
degree.
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we build two such indicators: the first one, cal®dM15, considers the 15 continuous variables
for which we have information; the second one,echlEUMG6, only considers the 6 categorical
aggregates listed aboV&he resulting two indicators inform on the divécsition of the policy
portfolio in a given country over tim@.

A third type of composite indicator we compute hi® tone proposed in Galeotti et al. (2014).
Indicators of this type are inspired by Item Regmomheory (IRT) (De Boeck and Wilson, 2004).
In an IRT model, the performance of each “subj@éttthe dimensions studied is the outcome of
two different aspects: the “difficulty” of each thfe items the subject is faced with and the “afjilit
of each subject, both of which are modelled asntateriables. In this basic dichotomous
framework, which has been widely applied in theeassent of education attainments by students,
the probability of observing a positive/correctpasse to each item by any given individual is a
decreasing function of item difficulty/complexity@ an increasing function of the subject latent
trait, or “ability”. ** The model can also accommodate scores on itemsatbameasured on a

Likert scale, as in the case at hand.

Building on the IRT framework, Galeotti et al. (Z)Jextend the application of the IRT model by
proposing an ordinal logistic three-level randonteioept (TLRI) model to assess the performance

of countries with respect to environmental pofitifhe levels considered are “policy instrumgnt

°Vona and Nicolli (2012) also consider the averhgsed indicator which effectively amounts to therage of
dummy variable indicators equal to zero beforeitkrument is put into place and equal to one wafieds.

19 Another possible approach to a composite polidgincould be built exploiting the continuous natafehe data
available and would use Principal Component AnalyBiICA) on the OECD policy dataset (following, totample,
Vona and Nicolli, 2012). This approach is stateltic more sophisticated than that of the SUM6 artdiM35
indicators, as we discuss later in this sectionnwvve apply PCA to the emission-based data. Theifdoadings
resulting from the PCA can be interpreted as inga¢ weights which vary by policy instrument. Whes applied
the PCA on the available data it proved very welad:first component of the PCA only captured 25%hefvariation
within the sample. It is therefore not a good sumynséatistics for the variation of the underlyingta. For this reason,
we do not discuss this indicator in the paper. Ena is available upon request.

1 A standard application of IRT is in the realm eéting educational attainment in questionnairesiiféisulty of the
various questions in the test and the ability sfumlent jointly determine the outcome of the test.

2The basic IRT model considers two levels: the i@md the subject. Galeotti et al. (2014) set upreet level
random intercept model to take into account a tHindension of their dataset, which is time. In &Rl model, the
first level is the item (in this specific case, faicy instrument under consideration), the sedendl is time and the
third level is the subject (in this case, the caes). Galeotti et al. (2014) use this model teeasghe performance of
EU countries with respect to energy efficiency giels. Specifically, each country is assigned aesaoeach type of
5 policy instruments: regulatory policies, volugtameasures, financial instruments, fiscal/tax réduos,
information/education. The score is equal to theler of laws/regulation which were active in eaategory at each
point in time. Hence, in the specific application@aleotti et al. (2014) the scores provided nminfation on the
stringency of the policies, just on their presenteis differs from the approach used here, whictiges for each
country a score which is higher, the higher thmgéncy of the policy.

11



(level 1), “timet” (level 2) and “countryc” (level 3) and allow to use the IRT model in a plan
setting®
In their framework, the probability of observinggaen scord’;;. in countryc at timet in policy

instrument is given by the following?

exp{¥iwol0otct+Oo0c—(Bi+Tin)]}
1+3M7  exp{Th _o[00tc+000c— (Bi+Tir)]}

(1) P(Yite = m|B¢c, Opoc) =

wherek is the threshold between two adjacent categosiasé€s) of a given item (policy)j«z) is

the coefficient associated with each threshold,ctvhcan be interpreted as a measure of
“difficulty”. The third (country) level residual®yo indicate the average ability of countcy
whereas the second (time) level residus, inform on yearly changes from the third level
residuals. Hence, the sum of the third and secewel kcountry residuals provides a time-varying
country-level indicator which informs on the “abyjli of a countryc to implement different policy
instruments, which is conditional on the intringlificulty of implementing each instrument
estimated in the model (captured kyand (f+7)). Recall that, as explained in Galeotti et al.
(2014), this measure can be considered a proxgdoh country’s commitment to more stringent
environmental policy.

To implement the TLRI model, we use the 15 Likexdie scores produced by Botta andzki&
(2014) in the OECD EPS indicator. A higher scoreaigiven policy category indicates higher
stringency of the policy’> We estimate the TLRI model on the data, and coepatintry-level
time varying indicators by summing the third andw®& level residuals for the model. This
constitutes our indicator LATENT15. We repeat tlzene procedure using the data on the 6
categorical aggregates used in Botta andudo(2014) to obtain the LATENT®6 indicator.

Figure 2 and Figure 3 show the time profile of tbenposite indicators built using information on
the 15 and the 6 policy instruments, respectiveig sthe OECD EPS composite indicator.
Appendix A contains additional graphs showing theletion of the OECD MBEPS and
NMBEPS indicators as well as of the SUM6 and SUNithcators.

13 The traditional two level model would include othe levels “policy instrument” (level 1) and connflevel 2),
and would be applicable to a cross section.

14 Galeotti et al. (2014) also complement this witlatent regression which allows cleaning the edtwhdatent trait
from the effect of observables likely to affect b@ilicy instrument choice and implementation. Tdiiges rise to a
second country ranking based on the third leveliritny) residual from the explanatory model thatoarits for the
role of covariates.

!> Given that the econometric model we present heyaires that each adjacent category is non-emptyféw cases
where scores in the middle of the distribution weseassigned to any country (hence representedngty cell) we
simply eliminate the cell and rescale all highduea by subtracting 1.
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Figure 2: Composite Indexes: EPS, SUM15 and LATENTIS5, 1995-2009
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Figure 3: Composite Indexes: EPS, SUM6 and LATENT6, 1995-2009
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Note that in this case, unlike the case of the ipfor pollution abatement effort, the indicators
convey very similar information, both with respectlevel and time profile. As expected, the
variability of the SUM15 and SUM6 indicators is nower than that of the other two proxies.

Furthermore, the LATENT and the EPS scores are wamjlar. For instance, the case of
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Netherlands, Sweden and Denmark and Austria theicddly overlap, while for other countries

they show a similar time profile, but different &ds.
3.2 Emission-based Indicators

The emission-based proxies we propose in this papeicomputed using data from the World
Input-Output Database (WIOD, 2014).

The first indicator is based on the methodologyppe®d by Brunel and Levinson (2013) and is
calculated as the ratig; of predicted or “counterfactual” emission integisivo actual emissions
intensity of a given country as follows:

Vii
- Ziv_jei i

(2) Rj=-=—%

wherei indicates the sector apdhdicates the countrgindicates emission intensitl, emissions
andV value added. Actual (observed) emission intensityefined as emissions per value added
in a given country. The “counterfactual emissiotemsity” @) is a prediction of expected
emissions from that country based on its industi@hposition V;) and the average emission
intensity of each sector in all countries).(Countries that impose more stringent regulatah
have lower-than-predicted emission, hence highaiseofR,.

We adopt the Brunel and Levinson (2013) approacht ssmore sophisticated than using the
actual values of emission intensity per each cquatrd year. As they highlight, such indicator
comes a long way toward overcoming some of thetstirings of previously proposed emission-
based measures; specifically, is it theoreticalbtivated by pollution abatement costs, it is time-

varying by country, and it accounts for a countigegtoral composition.

We compute a Brunel and Levinson indicator follogvequation (2) using information on carbon
dioxide emissions in Kilotons aggregated acros®2€rgy carriers and data on value added by
sector expressed in monetary units in 1995 prioestlaen converted to million US dollars using
market exchange rates (BL_CO2).

In addition to including information on GOemissions, WIOD also collects data on other
pollutants: sulfur oxide (S Nitrogen oxide (NG), non-methane volatile organic compounds
(NMVOC), ammonia (NH), nitrous oxide (MNO), carbon monoxide (CO), methane (EHVe

compute a BL indicator following equation (2) faaoh of these pollutants. Detailed descriptive

statistics of these indicators are provided in Ajje B.
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Given the high number of pollutants (and hencecaidirs), we applied a Principal Component
Analysis (PCA) approach of the various emissioredasdicators to explore whether they could
be successfully summarized by a synthetic stagisBECA allows reducing a number of (possibly)
correlated variables (representing as many charstite of the analyzed phenomenon) to a
(smaller) number of latent variables called priatipomponents. The first principal component
accounts for as much of the variability in the dasapossible and eadubsequent component
accounts for as much of the remaining variabilisy @ossible. Such an approach has been
proposed, for example, in Vona and Nicolli (201@)summarize the presence of several policy
instruments at the country level. Details on ourAP&e reported in Appendix B: the analysis
indicates that the first components accounts fostnod the variability in the data (almost 51
percent) and is positively correlated with all tbederlying indicators® Hence, the first
component can be reasonably used as a summarymadéaisall emission-related indicators.

We now turn to the comparison of the indicatorsspréed above. We are interested in
understanding to what extent the information thepvey is similar. There are two important
aspects of this question that need to be addredgiéelences between countries and differences
within countries. We explore the first issue in thbowing Section through a statistical analysis
of the average country rankings which emerge in shmple. Insights emerging from this
comparison are relevant both to summarize the padnce of countries over specific periods of
times, and when considering cross-sectional diffegs and analysis. The second issue, hamely
differences in the ability to capture within-coyntrariations, namely variations in a panel setting,

is explored in Section 5.

4. Comparison of Environmental Policy Stringency Indicators: Country Rankings

In this section, we explore whether the variousicatbrs presented above convey similar
information with a focus on between country vadasi. This is an important issue for two

reasons.

Figure 4 shows the time profiles for the BL_CO2 dhe BL_PCA indicators, which generally
behave quite similarly, both in terms of absolutkies and time profiles.

18 This is unlike the case of the 15 continuous iattics included in the OECD EPS database discuss®eddtion 3.
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Figure 4: Emission-based Indicators
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First, there is the interest in ranking countrieghwespect to their ability to implement
environmental policies. This is, for instance, #m@ of the OECD policy indicator as presented on
the OECD website, where nice figures are shownrdndt all OECD countries from the worse to
the best performer. Clearly, if different indicataive rise to similar rankings, then such rankings
are rather robust. Conversely, if the rankingssasitive to the choice of indicator then no robust
conclusions can be drawn in this respect. Secdmal,agreement or disagreement of country
rankings for different indicators has significambplications for any cross-section empirical

analysis, which exploits between country variatitmglentify the relevant coefficient.

The rankings we present here are built using in&tion on the average value of the specific
indicator for each country over the sample peticthe Spearman correlation, reported in Table 2,
shows that the indicators are generally positivayrelated with each other. There is only one
case of negative correlation, between ITRE and BR2CAs evidenced from Figure 1, the
correlation among the pollution abatement effantidators is rather low, while it is higher among
the composite indicators and between the BL_CO?2 tardBL_PCA indicators. Overall, the
indicators that display higher average correlatiam@esLATENT6 and LATENT15.

" We concentrate here on the main indicators, whielpresented in the previous section. For the #dis included
in the appendix, results are available from théaust
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Table 2: Spearman Correlation Matrix Among Alternative Indicators

PACE/GDP R& D/GDP ITRE TET/GDP EPS MBEPS NMBEPS SUMG6 SUM15 LATENT6 LATENT15 BL_CO2 BL_PCA

PACE/GDP 1

R& D/GDP 0.14 1

ITRE 0.02 -0.14 1

TET/GDP -0.10 -0.15 0.59 1

EPS 0.35 0.28 0.14 0.37 1

MBEPS 0.33 0.19 0.16 0.21 0.88 1

NMBEPS 0.30 0.31 0.09 0.44 0.92 0.63 1

SUM6 0.48 0.11 0.24 0.34 0.85 0.85 0.70 1

SUM 15 0.47 0.15 0.37 0.19 0.73 0.73 0.61 0.87 1

LATENT6 0.41 0.19 0.33 0.34 0.85 0.75 0.79 0.81 0.78 1

LATENT15 0.42 0.21 0.28 0.22 0.83 0.75 0.76 0.83 0.87 0.95 1

BL_CO2 0.21 0.13 -0.05 0.03 0.28 0.30 0.21 0.25 0.25 0.38 0.41 1
BL_PCA 0.29 0.32 0.07 0.39 0.27 0.28 0.20 0.21 0.18 0.30 0.32 0.69 1

Based on the average value over the sample penaghth indicator we produce country rankings,
which are displayed in Table 3 and in Figure 5,clhconfirms once again that the different
indicators are not in agreement. In table 3, liglt@ors indicate less stringency, while darker
colors indicate more stringency. In Figure 5, tiggbr the slice of the pie, the higher the ranking

of the given country for the given indicator.

Table 3: Rankings Associated with Alternative Indicators

LATENT15 LATENT6 SUM15 SUM6 EPS MBEPS NMBEPS BL_CO2 BL_PCA ITRE ~ PACE/GDP TET/GDP R&D/GDP
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Figure 5: Rankings of Policy Indicators, by Country
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Generally speaking, the agreement is higher betweenomposite and emission-based indicators,
while the indicators based on pollution abatemewmé gise to significantly different country
rankings. In some cases (for instance Belgium, Dekrand Germany), the position of countries
within sample is generally stable across indicatémsother cases (for instance, Canada and
Greece), using different indicators can give risecompletely different insights. Differences
between ex-post and ex-ante indicators may reaohate differences in the effectiveness of
policy implementation and monitoring, or the faeatt some indicators do not take into account
the “intensity” of the implemented policies (thssthe case for the SUM6 and SUM15 indicators,
which have often been used in the literature).Harmore, in the case of the SUM6 and SUM15
indicators, it can be argued that it is indeed ¢bantries with lowest performance (i.e. low
ranking in emission-based or pollution effort iratiars) that need to implement a more complex
portfolio of policy instruments to address pressamyironmental issues. If a country is already
doing well, further regulation may not be needddhis reasoning does not however apply to the
EPS and other composite indicators, which take atiwount the stringency of the implemented
policy.

To further characterize the distance between thesteics, Figure 6 presents a dendogram, a tree
diagram frequently used to illustrate the arrangenod the clusters produced by hierarchical
clustering. In the dendrogram, each indicator isitmmed according to its distance with the other
indicators. Indicators with higher similarity clastinto nodes. The height indicates how far away
the indicators within the different clusters arpe&fically, the height of each node in the plot is

proportional to the value of the intergroup dis$amiy between its two whiskers.

Consistent with what presented above, the dendogramws that the several composite indexes
we compute are closer to each other than theyoagentssion-based indicators or to the indicators
measuring pollution abatement effort. Interestin§h\CE/GDP and R&D/GDP are rather close to
each other, indicating that in general public anggbe measures of pollution abatement effort
provide consistent country rankings. SUM6 and SUNHdicators are very similar, as are the
BL_CO2 and the BL_PCA metrics and the EPS and MBBR&s. In Appendix C we provide a

similar dendogram that clusters the different caaatbased on the information contained in all

the indicators.

The statistical analysis presented to so far hasvstthat the country rankings are not robust to
the choice of indicator. This is particularly tréeome if such indicators where to be applied in
cross section analysis of between country diffezenas they would will give rise to different
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Figure 6: Dendogram for Different Indicators
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results. In the next section, we explore whethé Holds true when analyzing within-country

variations in a panel setting through an empiragalication.

5. Comparison of Environmental Policy Stringency Indicators: Within-country Variation
and Empirical Application to Energy Efficiency

An additional dimension of the comparison of altgive indicators of environmental policy
stringency is whether they capture similar or ddfe dynamics of within-country variations. This
issue is best studies through an empirical appdicatvhich will highlight how the different
indicators perform in practice.

While economists are typically concerned with tffeciency properties of environmental policy

instruments, what ultimately matters is whethenot those policies are effective in reaching the
proposed targets and goals. Loosely speaking, goalstated in terms of environmental targets —
emissions or pollution reduction — or in terms ocb@omic performance and competitiveness. As
mentioned in the Introduction, the empirical evidevith respect to the impact of environmental
policy on macroeconomic variables or firm perform@nand consumer behavior presents

conflicting results. One is thus left to wonder Wiee such differences are indeed real, which
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would mean that environmental policy has somewhanoidiosyncratic effect, or whether they

depend more on empirical design and specificalljh@choice of proxy for policy stringency.

In this section we try to shed light on this issyestudying the possible differential implications
of using one or the other indicator for fosteringoaintry’s energy efficiency/energy productivity.
Specifically, we test whether countries with mamngent environmental and energy policy have
indeed increased the efficiency in the use of tkeekergy inputs more than countries with lax
policy. Increased energy efficiency encompassesaugments in existing energy technologies,
introduction and diffusion of new technologies, momodern and advanced infrastructure
networks, more rational use of energy. Environmenetgulation, primarily motivated by energy-
related emission control, is in principle able éster technological innovation, to provide stimuli
for consumers to efficiently use energy, to gemenatentives for investment in better and more
efficient infrastructures. The efficiency of enengse should therefore be enhanced by effective

environmental policies.

Of course, the above mentioned improvements arglgesonly in a context of economic growth.
Indeed, growth implies an increased demand for renmental protection, while making it
possible to allocate the financial resources necgder implementing those changes in energy
systems. Thus, economic growth entgkr sean increase in total energy use, as increased
production volumes require more energy, but altmaal for a more rational use that may even
result in a lower energy intensity of the econorffis is presumably where environmental

policies play a role.

We investigate this issue within a Kuznets Cunamiework. The Environmental Kuznets Curve
(EKC) literature (Lieb, 2003, for a survey amongnyathers) has been mostly focused on carbon
dioxide emissions (for instance, Galeotti, Lanziag &auli, 2006), the largest greenhouse gas
responsible for climate change. The main argumenthis literature is that the relationship
between carbon dioxide emissions and GDPis chaiaeteby an inverted U-shape. As a country
grows, it will increase C®emissions up to the point where it becomes weatigugh to start to
worry about quality of life and of the environmeRtom that point onward, carbon emissions of
the economy decline.

Because around 70% of G@missions are generated by the combustion oflféssis, and
because coal, oil and gas are the major sourcen@fgy currently in use worldwide, some
economists have looked directly at energy consumpi study the existence of a Kuznets-like
behavior (Suri and Chapman, 1998; Judson, Schnesdeasd Stoker, 1998; Agras and Chapman,
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1999). Moreover, in resource-poor countries enetgpendence from abroad may provide a
powerful stimulus to economize on energy. More galhe and independently of environmental
considerations, conserving energy contributes $geeing the pressure on exhaustible resource
depletion’®

The “Energy Kuznets Curve” may display an invertétbehavior for the same reasons as carbon
dioxide. In particular, we are interested in firgliout if there are indications in the data that may
suggest that per capita energy consumption is asang with income but at a slower pace or is
even declining as per capita income rises furtibrs behavior, if present, would suggest that
energy intensity is declining and the contributairenergy to GDP — Energy Productivity — is on
the rise. Conditional on that, we are then integksih assessing whether a more stringent
environmental policy fosters brings about a reducin energy intensity. That would imply that
the shape of the energy intensity-to-GDP relatignskould shift downward as a result of
effective energy and environmental policies. Indebd estimate size of this effect could depend

on the specific proxy chosen for environmental @ostringency.

In keeping with the EKC literature, per capita gyeuse is taken to depend upon per capita

income:

3) E/P =g(Y/P)

wherekE is total energy useY, is GDP andP is total population. The Kuznets curve literathees
been typically interested in the curvature of thei@nment-income relationship, in particular its
possible inverted-U shape, and in the locatiorhefihcome turning point where the curve starts
declining. The decoupling is evidenced by the riegatign of the second derivative g(f)."® The
most convenient parametrization of the energy-ireaelationship is a log-linear polynomial

function of income:

2
E Y Y
) '“(Bl B *"1'“(5)“ *”2['“@1 "l

where we have added variablléo represent our alternative indicators of envimental policy

stringency and where country-specific and time-specific effects; have been allowed for,

18 A further reason for taking energy is its natufewide encompassing indicator of human pressurenature,
whereas pollution has to either rely on many inicsaor on composite, arbitrarily weighted scalars.

¥ This is not enough for a Kuznets curve, thoughneljative second derivative is only necessary flasééute”
decoupling. Indeed, we need to consider also teederivative ofy(.). If the first derivative is also negative, athe
declining portion of the EKC to the right of thering point, then we have absolute decoupling.dditéon, if the
second derivative of the function is negative a@ne range of value gfand then turns positive over the subsequent
range, then a N-shaped relationship would occurei\the second derivative is positive, then we spéa&linking.
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together with the disturbance teemn Note that the standard Kuznets relationshipg4exipressed
in per capita terms. However, in keeping with tbaaept of energy efficiency, we can exploit the

logarithmic properties of (4) and reformulate itfalbows:

2

(5) In(gj =a,+a, ty +(a, —1)In(%] +a{ln(éﬂ +a,l, +&, where energy
it it

it
intensity, instead of energy consumption per capstéthe dependent variable. The only difference

is the coefficient of the linear per capita GDRrter

We estimate equivalently (4) or (5) assuming thlaintry and time effects are fixed, and thus
possibly correlated with the error term. Data onal ®rimary Energy Supply (TPES) and on
Total Final Energy Consumption (TFEC) — measured ineMtare taken from IEA World Energy

Statistics and Balances (various years). Populdf®P) and GDP in US dollars in 2005 PPP
prices data are from the National Accounts of OBGIIntries’® We use these data together with
the environmental policy indicators described aboweur sample which covers the period 1995-

2009 for the 19 countries under examination. A imigsstimator econometric method is used.

The results are presented in Tables 4 and 5. In &&dth we present the evidence toibeing
proxied by both TPES and TFEC; the tables differ bexdlus policy indicator is entered either
current or lagged, on the account of issues ofrpisieendogeneity of the regressor. In the first
column we report the results without any policyiahle, whereas the remaining columns are
associated with the main indicators discussed beffe first consider the pollution abatement
indicators (PACE/GDP, RDD/GDP, TET/GDP, ITRE), followéyg the composite indicators
(SUM6, SUM15, EPS, MBEPS, NMBEPS, LATENT6, LATENT15) andafip the emission-

based Brunel and Levinson indicatdrs.

If we first focus on the relationship between egergensity and income, we see that all GDP
coefficients are highly significant and the signe as expected. Indeed, the implied graphical

representation shows inverted-U Kuznets curvesacherizing all cases analyzed.

Focusing on environmental policy indicators andklog first at their statistical significance, a

clear pattern can be seen. Indicators capturindugmmt abatement efforts are generally

2 \We measure energy intensity as the ratio of eiftRES or TFEC. Between these two energy variabléss energy
transformation sector, largely given power generatind refinery of oil products. A reduction in egeintensity —
as a result of energy efficiency improvements -¢tdt@ measured both from the perspective of fiealscimers (the
“outputs” of energy transformation activities) afidm the perspective of energy producers (the ‘igpof energy
transformation).

Z|In Tables D.1 and D.2 of Appendix D we presentrémilts of the estimation of equation (4) where diependent
variable is energy per capita. It is immediatede,sas noted in the text, that all estimated cdefits and associated
t-statistics are the same as those of Tables & avith the exception of the In(Y/P) regressor.
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insignificant, with the notable exception of thepiiit tax rate of energy (ITRE). The set of
composite indicators is, on the contrary, almostaghk statistically significant, with the notable
exception of the market-based OECD policy indictdBEPS). Finally, of the two Brunel-
Levinson indicators considered, only the £#missions-based indicator is significant, whetbas
indicator based on the PCA of various pollutantseser significant? Turning to the sign of the
coefficients, in nearly all cases they are negafilhe negative and statistically significant impact
of most indicators impact implies that several lnd¢ analyzed proxies suggest that the overall
shape of the energy intensity — income relationsshgfts downward as a consequence of
environmental policies, thus bringing about an iovement in the economy’s productivity of
energy. When the parameters are statistically fsogint, the only notable case of a positive sign is
that of total revenue from environmental and endeyes as a share of GDP (TET_GDP) (the
other case of a positive sign is BL_PCA, which swhver never significait). Generally
speaking, no relevant differences emerge when derisg TPES or TFEC as proxies of energy
consumption. The OECD EPS indicator is not significantthe TFEC case, whereas the

coefficients of policy indicators are generallygslily larger in the TPES case.

The empirical application presented here givestos®vo important insights. First, the choice of
indicator matters: proxies for pollution abatemetfiibrts would suggest that environmental policy
does not impact the energy intensity of a givemeowny, and would lead to the conclusion that
environmental effort is in fact not effective. Gretcontrary, the use of composite and emission-
based indicators would suggest that indeed envieoah policy and its stringency do contribute

to lowering the energy intensity of an economy, smd more efficient use of energy.

Second, the size of the coefficients is generathilar with the notable exception of ITRE, which

is about twice as large as that of SUM15, LATENTH8E 8L _CO2 and about four times larger

than that of the other coefficients. Given that malicators are normalized, the specification we
present here suggests that a 10 percent increas®gyiof the significant composite or emission-
based indexes (which is equivalent in our case Iouait increase) would result in a decrease in
energy intensity in the range of 0.5 to 1 percéhts is arguably a weak impact of environmental
policy on energy intensity. However, it is impottato remember that the period under

% This evidence is confirmed by the empirical analyse conducted for each individual pollutant oé tWI0D
database. A Brunel and Levinson indicator was coogd in each case and the various version oeoanometric
model estimated. The results are presented in pperalix D, Tables D.3 and D.4. It can be seen tiwatonly
statistically significant cases involve N@nd NO but the sign of the coefficients is positive.

% The lack of significance of the BL_PCA indicatsrhardly surprising given the results of the PCAlgsis form
which it is built. In particular, the BL_PCA indita represents the first Principal Component, whitlthe case at
hand captures only half of the variation acrosddifferent indicators. See Appendix B.
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consideration saw the beginning of environmentdicpocommitment by the countries in our
sample, with policies that were not particularlyrgient or ambitious and characterized by rather
slow implementation. One can only assume thatai@s tata will become available, such picture
may be partly revised.

We conclude by portraying the energy Kuznets cuimgdied by the case of no environmental

policy indicator and the one where LATENT15 is indddbased on the estimated coefficients of
Table 4, upper panel. It can be seen that the emwieatal policy stringency index shifts the

inverted-U curve downward and makes the curve tpsemty” moving slightly rightward the

income turning point?

6. Conclusions

This paper has presented several indicators of @amwiental policy stringency proposed in the
literature, which include indicators measuring potin abatement effort by both the public and
the private sectors, composite indicators and eomdsased indicators. A comparative analysis
was conducted of how such indicators capture betweentry variations by focusing on the

difference in average rankings over the sampleodeiit also shed some light on whether they
differ in capturing within-country variation throbigan empirical application focuses on energy

efficiency.

Results show that the country rankings are notsbbu the choice of indicators. Hence, rather
than relying on a single indicator, the literatlskould work towards considering several

indicators and possibly constructing a synthetiasoiee.

The performance of the various indicators in the ieogd analysis is in line with the results
emerging from the study of country rankings: conijgoand emission-based indicators tend to
provide a similar picture, while proxies based ofiytion abatement effort a very different one.

% Given the panel specification of the model, thapsl coefficients, i.e. the coefficients of the papita GDP terms,
and of the policy indicators are common to all does but there are as many intercepts as therecanetries and
years. First, we took the average value of themedéid coefficients corresponding to each time duramg to each
year. Next, we substituted these values and thmatstd income coefficients in the right hand sidg5), let per

capita income increase progressively from In(n{@0) with 0.2 steps, set the residuals equakto and plotted the
resulting curves.
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Table 4: Energy Efficiency Kuznets Relationship -ui€ent Policy Indicators

TPES/GDP
PACE/GDP| R&D/GDP | TET/GDP ITRE SUM6 SUM15 EPS MBEP$ NMBERS IENT6 | LATENT15( BL_CO2 BL_PCA
log(Y/P) 0,788 1,210 1,530 -0,440 1,685 0,731 0,925 0,588 6350, 0,605 0,702 0,874 0,733 0,724
2,444 3,850 5,964 -0,972 1,352 2,333 3,120 1,809 1,937 1,874 2,325 3,091 2,335 2,169
[log(Y/P)]2 -0,223 -0,295 -0,327 -0,046 -0,333 -0,213 40,2 -0,191 -0,201 -0,193 -0,203 -0,228 -0,203 -0,219
-4,396 -5,534 -7,793 -0,605 -1,770 -4,276 -5,097 -3,72P 893, -3,762 -4,186 -5,010 -4,015 -4,192
Current EP -0,0020 -0,0036 0,0067 -0,0276 -0,0054 -0,0129 -0,0070 0029, -0,0055 -0,0094 -0,0148 -0,0119 0,0009
Indicator -0,546 -1,519 0,673 -6,911 -2,596 -5,175 -2,041 -1,25p 3,9 -3,180 -5,790 -2,487 0,195
Adjusted R 0,975 0,975 0,978 0,968 0,978 0,976 0,978 0,97¢ 0,976 0916 ,9760 0,978 0,977 0,976
Log L 558,510 386,538 531,399 380,33( 388,196 562,369 9833, 561,888 559,983 561,158 565,15} 576,207 533,998 330,P0
F test 341,652 213,722 347,649 180,499 237,945 342,863 ,74370| 341,752 337,391 340,074 349,368 376,361 332,929 B3,6
No obs. 304 201 279 213 197 303 303 303 303 303 303 301 28p 245
TFEC/GDP
PACE/GDP| R&D/GDP | TET/GDH ITRE SUMG6 SUM15 EPS MBEP|S NMBEPS TENT6[LATENT1§ BL_CO2| BL_PCA
log(Y/P) 1,193 1574 1,783 0,355 1,977, 1,201 1,394 1,095 411,11 1,091 1172 1,319 1,198 1,193
-4,600 4,798 6,402 0,765 1,406 4,563 5,520 4,104 4,221 4,1024,520 5,301 4,577 4,316
[log(Y/P)]2 -0,289 -0,356 -0,372 -0,174 -0,397 -0,289 16,3 -0,273 -0,281 -0,271 -0,281 -0,301 -0,279 -0,292
-6,729 -6,005 -7,953 -2,221 -1,878 -6,640 -7,546 -6,271 396, -6,176 -6,514 -7,241 -6,274 -6,447
Current EPS -0,0013 -0,0029 0,0215 -0,024 -0,0045 -0,0124 -0,0044 0064, -0,0050 -0,0066 -0,0123 -0,0096 0,0003
Indicator -0,302 -1,434 2,331 -6,415 -2,23] -5,096 -1,215 -0,281 50,7] -2,205 -4,556 -2,012 0,065
Adjusted R 0,975 0,969 0,976 0,965 0,971 0,975 0,97y 0,975 0,975 0975 9750 0,977 0,976 0,976
Log L 563,455 373,746 521,884 380,413 370,8p7 564,023 59@5| 562,678 561,525 563,44% 564,517 573,485 536,451 3361
F test 336,833 172,363 314,602 164,377 185,406 330,852 ,70&51 327,863 325,320 329,564 332,092 352,650 322436 43159
No obs. 304 201 279 213 197 303 303 303 303 308 308 303 285 285

Notes to the tables: a) coefficient estimates fienestimation; b) country-year fixed effects antl et of time dummies included in all models; etatistics from
robust standard errors in italics.
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Table 5: Energy Efficiency Kuznets Relationship -agged Policy Indicators

TPES/GDP
PACE/GDP| R&D/GDP| TET/GDP ITRE SUM6 SUM15 EPS MBEP$ NMBERS TENT6 | LATENT15] BL_CO2 BL_PCA
log(Y/P) 1,453 1,634 -0,441 2,300 0,864 1,021 0,734 0,81B 7360, 0,866 1,023 0,806 0,829
4,977 6,587 -0,880 1,308 2,509 3,040 2,157 2,309 2,189 2,690 3,322 2,392 2,331
[log(Y/P)]2 -0,328 -0,342 -0,046 -0,420 -0,233 -0,259 122 -0,227 -0,211 -0,228 -0,251 -0,211 -0,229
-6,396 -8,180 -0,550 -1,601 -4,279 -4,813 -3,952 -4,1111 943, -4,409 -5,088 -3,891 -4,140
Lagged EP$ -0,0031 -0,0041 0,0106 -0,0230 -0,0034 -0,008j7 -0,0017  0031Q, -0,0084 -0,0089 -0,0130 -0,011¢ 0,0000
Indicatol -0,907 -1,562 0,950 -4,977 -1,639 -3,409 -2,38§ -0,5483 3384 -3,291 -5,161 -2,657 0,010
Adjusted R 0,975 0,979 0,970 0,976 0,977 0,977 0,977 0,97¢ 0,977 0977 9780 0,977 0,976
Log L 371,517 506,954 364,321 361,328 536,842 541,95 9538, 535,650 540,931 540,819 548,411 539,444 535,444
F test 208,236 340,846 177,369 210,934 329,721 342,066 75834 326,917 339,520 339,246 358,18y 335,924 326,434
No obs. 189 261 199 184 285 285 285 285 285 285 285 28% 28p
TFEC/GDP
PACE/GDP| R&D/GDP| TET/GDP ITRE SUM6 SUM15 EPS MBEP|S NMBEPS TENT6|LATENT15 BL_CO2| BL_PCA
log(Y/P) 1,734 1,786 0,344 2,628 1,290 1,464 1,198 1,268 83,1 1,292 1,430 1,248 1,265
5,942 7,625 0,719 1,405 4,686 5,453 4,426 4,561 4,422 4,923 ,6935 4,660 4,507
[log(Y/P)]2 -0,379 -0,375 -0,170 -0,492 -0,303 -0,328 89,2 -0,301 -0,285 -0,300 -0,319 -0,287 -0,301
-6,800 -8,955 -2,084 -1,771 -6,587 -7,27% -6,424 -6,543 318, -6,727 -7,463 -6,260 -6,459
Lagged EPY -0,0035 -0,0035 0,0286 -0,017( -0,0023 -0,0090 -0,0055 00Q,0| -0,0074 -0,0064 -0,011¢ -0,008¢ 0,000¢
Indicator -0,880 -1,447 3,192 -4,516 -1,182 -3,8638 -1,662 0,073 2,9 -2,433 -4,295 -1,997 0,098
Adjusted = 0,971 0,978 0,969 0,970 0,977 0,978 0,97f 0,917 0,978 0977 9780 0,977 0,977
Log L 364,692 505,286 371,052 347,015 546,514 553436 7647 545,793 550,398 548,760 555,689 548,279 545,y92
F test 177,450 324,053 172,004 166,516 335,894 352055 76884 334,163 345,365 341,340 358,691 340,167 334,162
No obs. 189 261 199 184 285 285 285 285 289 28% 28b 285 285

Notes to the tables: see Table 4.
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Figure 7: Energy Kuznets Curves
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Specifically, the former suggest that environmemtalicy reduces the energy intensity of the
economy, while the former suggest no such relatigng-urthermore, composite and emission
based indicators generally provide a similar petsuggesting that a 10 percent increase in policy
commitment/stringency leads to a reduction of betw@.5 and 1.5 percent in energy intensity.

The analysis presented in the paper points to sfvoigul future research directions. First,
methodologies should be devised to appropriateiynsarize the several environmental policy
indicators into one summary statistics for use ggragate assessments of the impact of
environmental policy on economic growth and perfance. Second, attention should be devoted
to the quantification of differences emerging frahe various indicators. Thirdly, additional
empirical applications should be considered. Irs ttirection we are currently focusing our

research efforts.
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Appendix A: Composite Indicators

Figure A.1: Time Profiles, SUM 15 vs SUM6 Composite Indicators, 1995-2009
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Figure A.2 Time Profiles, EPS, MBEPS and NMBEPS Composite Indicators, 1995-2009
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Appendix B: Brunel and L evinson Composite Indicatorsfor Pollutants Other than CO,

Composite indicators as suggested by Brunel andnkex (2013) (BL) were computed for the
following pollutants, in addition to carbon dioxifier SQ,, NOy, NMVOC, NHz, N,O, CO, CH.
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Descriptive statistics are provided in Table B.lhilev the correlation between the various

indicators is presented in Table B.2.

Table B.1: Descriptive Statistics, BL Indicators

Country BL_EM BL_CO2 BL_SOX BL_NOX BL_NMVOC BL_NH3  BL_N20 BL_CO BL_CH4
Australia 2.586 0.966 0.110 0.186 0.170 0.226 1.030 0.015  1200.
Austria 8.290 6.249 9.097 2.662 3.604 1.274 1.763 1.166 51.43
Belgium 3.834 2.912 1.902 1.235 3.149 0.263 0.562 0.716 80.68
Canada 1.339 1.518 0.246 0.594 0.703 0.450 0.329 0.317 0.618
Denmark 4551 2.391 0.426 0.384 6.311 0.487 0.661 3.762 3204
Finland 1.846 2.401 1.369 1.070 3.481 2.864 1.280 1.750 51.36
France 3.901 6.346 2.179 1.589 2.424 0.703 0.874 0.799 1.101
Germany 4735 3.167 2.918 1.772 2.200 0.406 0.855 1.905 3101
Greece 4.910 2.192 0.563 4.825 4556 2.860 2.145 2.003 1.385
Hungary 1.331 0.998 0.468 0.547 0.607 0.499 0.305 0.434 4018
Italy 6.717 3.939 1.732 1.469 2.762 1.435 1.998 1.621 1.351
Japan 7.337 5.695 3.010 2.272 4.952 7.905 8.088 3.275 7.771
Netherlands 2.747 2.502 2.573 1.323 6.515 1.463 1.196 2.725 1507
Portugal 4.365 2.475 0.427 0.565 0.792 1.327 1.185 0.833 3702
Spain 4621 3510 0.506 0.906 0.488 1.521 3.127 1.116 1.268
Sweden 3.097 7.953 2.690 1.496 6.336 2.072 1511 2.152 1.949
Turkey 3.912 1.932 0.287 0.758 0.784 1.215 4.892 0.422 0577
United Kingdom 6.139 3.562 1.006 1.045 2.074 0.922 0.854 4121 1.187
USA 2.068 1.322 0.451 0.556 0.909 0.764 0.558 0.213 0.294

Table B.2: Correlation among Brunel and Levinson diicators

BL CO2 BL SOX BL NOX BL NMVOC  BL NH3 BL N20 BL CO BL CH4
BL_CO2 1
BL_SOX 0.642 1
BL_NOX 0.3779 0.3785 1
BL_NMVOC 0.4925 0.3711 0.459 1
BL_NH3 0.3758 0.1889 0.3727 0.3866 1
BL_N20 0.3042 0.1393 0.2509 0.1518 0.8228 1
BL_CO 0.3316 0.1886 0.3581 0.7981 0.4398 0.2792 1
BL_CH4 0.4864 0.2873 0.2983 0.5013 0.9085 0.7754 0.5675 1

Looking at average values we see that there isgh heterogeneity of the indicators across
countries, with most countries displaying mixedfpenance for the different indicators. Some of
the BL indicators are highly correlated with eathen. For instance, the indicator based on, GH
highly correlated with those build on Ntdnd NO. Conversely, the one based on,$©poorly
correlated with the one based opQ\ indicating that these variables move in différdinections

within our samplé’ Both pollutants are in fact associated with conibnsfrom fossil fuels in

% Sulfur dioxide (SQ) is one of a group of highly reactive gasses knaw/fioxides of sulfur.” According to the EPA,
the largest sources of $@missions in the USA are from fossil fuel combustat power plants (around 73%) and
other industrial facilities (20%). Smaller soura#sSO, emissions include industrial processes such amaixtg
metal from ore and the burning of high sulfur camtey fuels by locomotives, large ships, and noaer@quipment.
SO, is linked with a number of adverse effects on repiratory system. Nitrogen Oxides (N@re a family of
poisonous, highly reactive gases. These gasesvitren fuel is burned at high temperatures¥@llution is emitted
by automobiles, trucks and various non-road veki¢teg., construction equipment, boats, etc.) dsageindustrial
sources such as power plants, industrial boilemnent kilns, and turbines. NOx often appears aswariish gas. It is
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industrial plants. However, a great share ofy S© associated with exhaust gases from the
transport sector, unlike SOHence, the low correlation of these two indicateeems to suggest
that countries which are successful at regulatimg sector (industry) may not necessarily be good
at regulating another one (transport). This prelemy comparison between emission-based
indicators points to the fact that the problem afltrdimensionality highlighted in Brunel and

Levinson (2013) is a deeply-rooted problem, evehiwithe same class of indicators.

We conduct a principal component analysis (PCAthefvarious emission-based BL indicators to
explore whether they can be successfully summabyeal synthetic statistics. As said in the text,
PCA allows reducing a number of (possibly) coredatvariables (representing as many
characteristics of the analyzed phenomenon) tonsl(er) number of latent variables called
principal components. The first principal componaatounts for as much of the variability in the
data as possible and easlibbsequent component accounts for as much of thameng variability

as possible.

Table B.3 shows the principal component eigenvaaresthe principal component eigenvectors

in the left and right panel, respectively.

Table B. 3: Principal Component Analysis on Brunahd Levinson Emission-based Indicators

Component Eigenvalue Difference Proportion Cumulative  Variable Compl Comp2 Comp3

Compl 4.06045 2.5701 0.5076 0.5076 BL_CO2 0.3402 0.3085 0.3832
Comp2 1.49036 0.441324 0.1863 0.6939 BL_SOX 0.2551 0.4461 05171
Comp3 1.04903 0.368664 0.1311 0.825 BL_NOX 0.2901 0.2612 0.0334
Comp4 0.680367 0.356164 0.085 0.91 BL_NMVOC 0.3622 0.342 -0.4364
Comp5 0.324203 0.125444 0.0405 0.9506 BL_NH3 0.4116 -0.3981 0.0502
Comp6 0.198758 0.0606278 0.0248 0.9754 BL_N20 0.3414 -0.5039 0.2101
Comp?7 0.138131 0.079427 0.0173 0.9927 BL_CO 0.3528 0.1382 -0.5895
Comp8 0.0587036 . 0.0073 1 BL_CH4 0.4397 -0.2985 0.0037

The left panel indicates that there are 3 sigmifigarincipal components to be considered, since
they exceed unity according to the usual rule afith. These three components together explain
over 80% of the total variance. Form the right paveesee that the first component eigenvector is
positively correlated with the all indicators, whilhe second explains prevalently the indicators
for energy intensity, C¢ NO and SQ emissions and is negatively correlated with theers.
Consistent with the correlation table shown abdNg&£) and SQ are associated with a positive
value in the first component and a negative andtigesvalue, respectively, in the second

component. This is consistent with the remark thattwo indicators do not necessarily vary in

a strong oxidizing agent and plays a major rolthanatmospheric reactions with volatile organic poomds (VOC)
that produce ozone (smog) on hot summer days.
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the same direction, as explained above. The restiliteke PCA confirm that the creation of a
single indicator summarizing the information foe tdifferent pollutants is not entirely possible.
This is a first indication that even emission-basedexes may be plagued by issues of

multidimensionality.
Appendix C: Dendogram for Country Clustering

Figure 6 in the text visualizes how the variousigatbrs considered in this paper tend to cluster
together. Figure A.3 presents analogous evidencethie different countries in our sample.
Specifically, in the dendogram each country is fpmsed according to its distance with other
countries. Countries with higher similarity clusteto nodes. The height indicates how far away
the countries within the different clusters aree@fically, the height of each node in the plot is

proportional to the value of the intergroup dissamiy between its two whiskers.

Figure C.1: Dendogram for Different Countries
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Appendix D: Additional Empirical Results

Table D.1: Per Capita Energy Kuznets Relationshicarrent Policy Indicators

TPES/POP
NOT PACE/GDP| R&DI/GDP | TET/GDP ITRE SUM6 SUM15 EPS MBEPS NMBEP| LATENT6 | LATENT15| BL_CO2 | BL PCA
1,788 2,210 25530 0,560 2,685 1,731 1,925 1,583 1,635 160 7021 1,874 1,733 1,193
5,544 7,031 9,862 1,236 2,155 5,522 6,493 4,911 4,981 496D 6365 6,627 5,522 4,316
-0,223 -0,295 -0,327 -0,046 -0,333 -0,213 -0,241 -0,191 20D, -0,193 -0,203 -0,228 -0,203 -0,292
-4,396 -5,534 -7,793 -0,605 -1,770 -4,276 -5,092 -3,729 893, -3,762 -4,186 -5,009 -4,015 -6,442
-0,0020 -0,0036 0,0067 -0,0276 -0,0054 -0,0129 -0007p 0029, -0,0055 -0,0094 -0,0148 -0,0113 0,0003
-0,546 -1,519 0,673 -6,911 -2,596 -5,175 -2,041 -1,255 74,9 -3,180 -5,790 -2,487 0,0652
0992 0992 0993 0979 0,984 0992 0993 0,992 0,993 099 9920 0,993 0992 0,976
558,510 386,538 531,399 380,330 388,196 562,36 573973 1,888 559,983 561,158 565,157 576,207 533,998 533,613
1048,800 689,231 1066,598 274,303 337,572 1037,6p2 ¥P08  1034,348 1021,334 1029,341} 1057,072 1137611 1023,040 15,943
304 201 279 213 197 303 303 303 303 303 303 303 285 285,000
TFEC/POP
PACE/GDP| R&D/GDP | TET/GDP ITRE SUM6 SUM15 EPS MBEP$  NMBEAS TENT6 | LATENT15] BL_CO2 [ BL_PCA
log(Y/P) 2,193 2574 2,783 1,355 2977 2,201 2,394 2,094 4121 2001 2172 2319 2,198 2,193
8,457 7,848 9,993 2,920 2,117 8,361 9,480 7,851 7,92p 7,863 3778 9,318 8,397 7,936
llog(Y/P)2 | -0,289 -0,356 -0,372 -0,174 -0,397 -0,289 163 -0,273 -0,281 -0,271 -0,281 -0,301 -0,279 -0,292
-6,729 -6,005 -7,953 -2,221 -1,878 -6,640 -7,544 6,271 396, -6,176 -6,514 -7,241 -6,274 -6,442
Current EPS -0,0013 -0,0029 0,215 -0,0246 -0,0045 -0,0128 -0,0044 006G, -0,0050 -0,0066 -0,0123 -0,0096 0,000
Indicatol -0,302 -1,434 2,331 -6,415 -2,231 -5,096 -1,219 -0,281 50,7 | -2,205 -4,556 -2,012 0,065
Adusted F° | 0,992 0,990 0992 0978 0,980 0992 0992 0,993 099l 0992 9920 0992 0992 0992
Log L 563,455 373,746 521,884 380,413 370,807 564,023  5885,| 562,678 561,525 563,445 564,571 573,485 536,451 533,61
F test 1027,537 566,665 938,588 268,488 265,112 995001 74,53 986,142 978,606 991,183 998676  1059,6P0 986597 7,008
No obs. 304 201 279 213 197 303 303 303 303 303 303 303 285 285

Notes: see notes to Table 4 in main text.
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Table D.2: Per Capita Energy Energy Kuznets Relasbip — Lagged Policy Indicators

TPES/POP
PACE/GDP| R&D/GDP | TET/GDP ITRE SUM6 SUM15 EPS MBEPS NMBEPE  TENT6 | LATENTI5| BL CO2 BL_PCA
log(Y/P) 2,453 2,634 0,559 3,301 1,864 2,021 1,734 1813 361,7 1,866 2,023 1,806 1,829
8,403 10,618 1,118 1,877 5,413 6,018 5,097 5,148 5,16 5,797 6,569 5,360 5,141
llog(Y/P)]2 -0,328 -0,342 -0,046 -0,420 -0,233 -0,255 102 -0,227 -0,211 -0,228 -0,251 -0,211 -0,229
-6,396 -8,180 -0,550 -1,601 -4,279 -4,813 -3,952 -4,111 943, -4,409 -5,088 -3,891 -4,140
Lagged EPS|  -0,0031 -0,0041 0,0106 -0,0230 -0,0034 -0,0081 0007  001@, -0,0084 -0,0089 -0,0130 -0,0110 0,0000
Indicatol -0,907 -1,562 0,950 -4,977 -1,639 -3,409 -2,388 -0,543 38,4 -3,201 -5,161 -2,657 0,010
Adjusted B 0,993 0,993 0,980 0,983 0,992 0,993 0,992 0,992 0,993 0998 9930 0,992 0,992
Log L 371517 506,954 364,321 361,328 536,841 541,975 0588, | 535,650 540,931 540,819 548,411] 539,444 535,444
F test 700,101 1070,924 274,795 302,529 1024615 1062,508 1040,112 1016,082 1054,706 1053,86¢ 1111,913 1043685 46000
No obs. 189 261 199 184 285 285 285 285 285 285 285 285 285
TFEC/POP
PACE/GDP| R&D/GDP| TET/GDP ITRE SUM6 SUM15 EPS MBEPS NMBEAS TENT6 | LATENT15] BL CO2 | BL PCA
log(Y/P) 2,734 2,786 1,344 3,628 2,290 2,465 2,108 2,26 832,1 2,292 2430 2,248 2,265
9,369 11,895 2,810 1,940 8,318 9,176 8,121 8,151 8,16p 8,743 9,675 8,393 8,071
[log(Y/P)]2 -0,379 -0,375 -0,170 0,492 -0,303 -0,328 892 -0,301 -0,285 -0,300 0,319 0,287 -0,301
-6,800 -8,955 2,084 1,771 -6,587 7,275 -6,424 6,548 318, 6,727 7,463 -6,260 -6,459
Lagged EPY  -0,0035 -0,0035 0,0286 -0,0170 -0,0023 -0,009p -0,0045  00Q,0 -0,0074 -0,0064 -0,0110 -0,0084 0,0004
Indicator -0,880 -1,447 3,192 -4,516 -1,182 -3,863 -1,663 0,074 2,97 -2,433 -4,295 -1,997 0,098
Adjusted R 0,991 0,993 0,981 0,979 0,992 0,993 0,993 0,993 0,998 0993 9930 0,993 0,992
Log L 364,692 505,286 371,052 347,014 546,514 553,436  7647,| 545,793 550,398 548,760 555,684 548,279 545,792
F test 607,450 992,732 285,780 240,886 1037,786 1089,F80 046,521 1032,511 1066,648 1054,38p 1107,263 1050,808 50832
No obs. 189 261 199 184 285 285 285 285 285 285 285 284 285

Notes: see notes to Table 4 in main text.
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Table D.3: Energy Efficiency Kuznets RelationshipAdditional Policy Indicators- Current and

Lagged
TPES/GDP
BL_SOX | BL_NOX [BL NMVOC| BL NH3 | BL N20 BL_CO BL_CH4
log(Y/P) 0,743 0,689 0,736 0,739 0,481 0,729 0,719
2,288 2,077 2,229 2,221 1,344 2,190 2,148
llog(Y/P)]2| -0,219 -0,222 -0,222 -0,218 -0,184 -0,218 102
-4,267 -4,269 -4,241 -4,153 -3,343 -4,175 -3,96"
Current EP$  -0,0060 0,0082 0,0019 -0,0051 0,0111 -0,0008 -0,0097
Indicator | -1,218 2,350 0,604 -0,817 1,865 -0,095 -1,363
Adjusted R| 0,976 0,977 0,976 0,976 0,977 0,976 0,974
Log L 530,798 532,913 530,392 530,444 532,510 530,188 0331,
F test 324,991 329,953 324,048 324,168 329,003 323,975 51805
No obs. 285 285 285 285 285 285 285
TFEC/GDP
BL SOX | BL NOX | BL NMVOC| BL NH3| BL N20| BL CO| BL CH4
log(Y/P) 1,205 1,153 1,198 1,206 1,053 1,194 1,18
4,433 4,256 4,347 4,379 3,280 4,324 4,315
[log(Y/P)]2 -0,292 -0,296 -0,294 -0,291 -0,272 -0,291 832
-6,506 -6,583 -6,403 -6,446 -5,369 -6,434 -6,2411
Current EPS  -0,0045 0,0085 0,0011 -0,0054 0,00638 -0,0009 -0,0096
Indicatol -0,759 2,360 0,382 -0,769 1,194 -0,367 -1,152
Adjusted B 0,976 0,976 0,976 0,976 0,976 0,976 0,976
Log L 533,955 536,680 533,677 533916 534,380 533,444 4&B4
F test 316,719 322,966 316,087 316,680 317,685 316,012 82311
No obs. 285 285 285 285 285 285 285
TPES/GDP
BL SOX | BL_NOX |BL NMVOC| BL NH3 | BL N20 | BL CO | BL CH4
log(Y/P) 0,846 0,816 0,845 0,836 0,591 0,829 0,804
2,429 2,296 2,392 2,350 1,570 2,339 2,269
llog(Y/P)]2| -0,231 -0,233 -0,235 -0,229 -0,197 -0,229 19,2
-4,217 -4,214 -4,225 -4,104 -3,383 -4,139 -3,89"
Lagged EP$ -0,0063 0,0046 0,0022 -0,0037 0,0116 0,000 -0,0104
Indicator -1,239 1,355 0,807 -0,672 1,920 0,034 -1,507
Adjusted B 0,976 0,976 0,976 0,976 0,977 0,976 0,977
Log L 536,135 536,352 535,720 535,594 538,261 535445  4B86,
F test 328,053 328,565 327,080 326,786 333,090 326436 85328
No obs. 285 285 285 285 285 285 285
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TFEC/GDP
BL SOX | BL Nox | BL NMvoc| BL NH3| BL N20] BL co| BL CH4
log(Y/P) 1,275 1,247 1,279 1,272 1,145 1,267 1,25D
4,597 4,480 4,559 4,528 3,553 4,515 4,480
[log(Y/P)]2 -0,302 -0,306 -0,306 -0,300 -0,284 0301 982
-6,510 -6,556 -6,459 -6,447| 550  -6,444  -6,250
Lagged EPS  -0,0035 0,0065 0,0019 -0,0034 0,005 -0,0009  -0,0475
Indicatol -0,623 2,063 0,721 0,511 1,139 0,347  -0,944
Adjusted R 0,977 0,977 0,977 0,977 0,977 0,977 0,977
Log L 546,015 547,714 546,004 545923 546557 545823 3586
F test 334,696 338,793 334,670 334475 335998 334036 51334
No obs. 285 285 285 285 285 285 285

Notes: see notes to Table 4 in main text.

Table D.4: per Capita Energy Kuznets Relationshigdditional Policy Indicators- Current and

Lagged
TPES/POP
BL_SOX BL_NOX | BL NMVOC| BL_NH3 BL_N20 BL_CO BL_CH4
log(Y/P) 1,743 1,689 1,736 1,739 1,481 1,729 1,715
5,367 5,091 5,257 5,226 4,138 5,194 5,153
llog(Y/P)]2 -0,219 -0,222 -0,222 -0,218 -0,184 -0,218 102
-4,267 -4,269 -4,241 -4,153 -3,343 -4,175 -3,965
Current EPS|  -0,0060 0,0082 0,0019 -0,0051 0,0111 -0,0003 -0,0097
Indicatol -1,218 2,350 0,604 -0,817 1,865 -0,095 -1,363
Adjusted P 0,992 0,992 0,992 0,992 0,992 0,992 0,992
Log L 530,798 532,913 530,392 530,444 532,51( 530,189 0331,
F test 1000,165 1015,224 997,305 997,664 1012,389 995,870 1001,769
No obs. 285 285 285 285 285 285 285
TFEC/POP
BL SOX | BL NOX | BL NMVOC| BL NH3 | BL N20 BL CO BL CH4
log(Y/P) 2,205 2,153 2,198 2,206 2,053 2,196 2,181
8,110 7,946 7,974 8,010 6,395 7,942 7,969
llog(Y/P)]2 -0,292 -0,296 -0,294 -0,291 -0,272 -0,291 83,2
-6,506 -6,583 -6,403 -6,446 -5,369 -6,434 -6,241
Current EPY  -0,0045 0,0085 0,0011 -0,0054 0,0063 -0,0009 -0,0096
Indicator -0,759 2,360 0,382 -0,769 1,194 -0,367 -1,152
Adjusted R 0,992 0,992 0,992 0,992 0,992 0,992 0,992
Log L 533,956 536,680 533,677 533,916 534,38 533644 4534,
F test 969,351 988,197 967,444 969,084 972,265 967,219 68572
No obs. 285 285 285 285 285 285 285
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TPES/POP
BL SOX | BL NOX [BL NMvOC| BL NH3 BL_N20 BL_CO BL_CH4
log(Y/P) 1,846 1,816 1,845 1,836 1,591 1,829 1,808
5,300 5,109 5,224 5,161 4,224 5,159 5,078
llog(Y/P)]2 -0,231 -0,233 -0,235 -0,229 -0,197 -0,229 192
-4,217 4,214 -4,225 -4,104 -3,383 -4,139 -3,895
Lagged EPS|  -0,0063 0,0046 0,0022 -0,0037 0,0116 0,0001] -0,010
Indicatol -1,239 1,355 0,807 -0,672 1,920 0,034 -1,502
Adjusted F 0,992 0,992 0,992 0,992 0,992 0,992 0,992
Log L 536,135 536,352 535,720 535,504 538,261 535,445 4786,
F test 1019,565 1021,132 1016,583 1015,680 1035000  6OBl4,| 1022011
No obs. 285 285 285 285 285 285 285
TFEC/POP
BL SOX | BL NOX | BL NMvOC| BL NH3 | BL N20 BL CO BL CH4
log(Y/P) 2,275 2,247 2,279 2,272 2,145 2,267 2,250
8,202 8,072 8,124 8,089 6,654 8,078 8,063
llog(Y/P)]2 -0,302 -0,306 -0,306 -0,300 -0,284 -0,301 9,2
-6,510 -6,556 -6,459 -6,447 -5,509 -6,444 -6,25
Lagged EPY  -0,0035 0,0065 0,0019 -0,0034 0,0058 -0,0009 -0,0075
Indicator -0,623 2,063 0,721 -0,511 1,139 -0,347 -0,944
Adjusted R 0,992 0,993 0,992 0,992 0,992 0,992 0,992
Log L 546,015 547,714 546,004 545,923 546,55[7 545823 3586,
F test 1034,133 1046,619 1034,054 1033,462 1038,103  7Bm2| 1036,619
No obs. 285 285 285 285 285 285 285

Notes: see notes to Table 4 in main text.
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