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INCOME AND TIME RELATED EFFECTS IN EKC

PARAMETRIC AND SEMI PARAMETRIC ANALYSES ON LONG RUN ENVIRONMENTAL
KUZNETS CURVES

Massimiliano MAZZANTI & Antonio MUSOLES]

Abstract

This paper documents the structural differerfmmseen climate change leading “actors' as NartBér
countries, and ‘lagging actors' - southern EU aiesiand the "Umbrella group' - with regard to itheing
run carbon-income relationships. We show that siatbgorization gives relevant policy and methodickalg
insights. We investigate the issue of cross-counétgrogeneity and the heterogeneity biases assddia
standard panel data estimates but also disentainggerelated and income effects. Parametric and sem
parametric panel models allowing for time invarianbbserved heterogeneity robustly show that thapgs
of countries that were in the "Kyoto arena’ lesiimour of stringent climate policy, have yet tgpexence a
turning point. Northern EU instead shows bell slsaféne key result is however obtained by estimaéing
semi-parametric random growth model. Country spetife related factors - that may represent latent
innovation and policy features of countries - hdeen relatively more relevant than income effents i
explaining the occurrence of such Kuznets curvegrél, the countries differ more on their carbone
relation than on the carbon-income relation whighin almost all cases monotonic positive. Justva fe
Nordic countries show a bell curve in both incomd ime related factors.
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Introduction

Many and diversified stylised facts have beeoppsed on the relationship between pollution and
economic development, which became known as therédmaental Kuznets Curve (EKC) hypothesis, a
concept that has gained an increasing researdaftiatteover time since the pioneering works of Gnoas
and Krueger (1995), Holtz-Eakin and Selden (19®Blden and Song (1994) and Shafik (1994). An
extensive overview of the main theoretical issuWazdérson and Levinson, 2001) can be found in Baghe
(2001), Stern (2004), Copeland and Taylor (2004) Brock and Taylor (2010). Then other works follawe
in providing technology based explanations (Pas2B82; Smulders and Bretscgher, 2000; Kelly, 2003;
Egli and Steger, 2007; Hartman and Kwon, 2005; @hirand Braden, 2009, 2005). A recent survey of
theoretical oriented papers is Kijima et al. (2010)

This paper focuses on the Cémission-income relation (CKC, Carbon Kuznets esywvhich offers the
most robust time series data for applying advan@geng-run) panel data econometric techniques. The
relevance of carbon is also depending on the Fatt(bsolute) decoupling -- that is a negativeteiy in
the relationship emissions-economic developmens not (yet) apparent for many important world
economies (Musolesi et al., 2010). Recent worksHaghlighted that there is some evidence suppprtin
EKC shapes for CQ but variable by geographical areas and by estimaechniques (Martinez-Zarzoso
and Morancho, 2004; Vollebergh et al., 2005; Cal)3; Galeotti et al., 2006). This is counterbailagc
other rather pessimistic views on EKC (Harbaughlgt2002; Millimet, List and Stengos, 2003; Wagner
2006; Furstenberger and Wagner, 2007).

This paper aims to contribute to the developgneérEKC research in two main directions. Firspugh
policy implications have been sometime linked ® &éimalysis of CKC paths (Cole and Neumayer, 2008),
believe that the literature has not still providsind policy oriented analysis. In order to accashpthis
goal, we make a comparative assessment of CKC sHiapthree groups of (quite) homogeneous countries
instead of analysing larger samples of very hetmegus one as often it happens (mainly OECD or even
world wide datasets). We focus on advanced coungsighdividing them into the “anti-Kyoto' Umbrella
group (a loose coalition of non EU developed coestformed after Kyoto that has sustained a mild
approach to climate policy), Southern and Northeumope, which witness quite different economic and
institutional features. We ground our choice oeréiture review and empirical stylized facts related
environmental policy orientation towards climat@ce, to environmental innovation patterns andljina
energy structure of the economy. The need to may®rd the provision of "average' evidence towards
country specific or grouping of countries has baédaely recognised over the recent years (Galeottil.e
2009), but still rarely made concrete.

Second, from an econometric viewpoint we tnassess how the different issues linked to thenasitin
of a long-run CKC can affect the results. Indebdyé are three main points to address: the isssopé
heterogeneity, the possible non constrained funatiftorm and the role of unobserved time relatetois.

As a benchmark, we begin our analysis by camsid only time invariant unobserved omitted fast(as
done in many empirical applications) and compamadgeneous and heterogeneous estimators which allow
individual slopes to be derived from sampling oy&sian approaches. This because it is difficultiaripto
decide between homogeneous and heterogeneousgsiinehtors. On one hand, along with the increasing
time dimension of panel data sets, some authorgested the use of heterogeneous estimators (Pesaatan
Smith, 1995; Hsiao et al. 1999). This is mainly ivetied by the possible heterogeneity bias assatiaitn
the use of pooled estimators. On the other handt mesearchers agree about the use of homogeneous
estimators since the efficiency gains from pooloften overcome their costs (Baltagi et al. 20000220
2004).

We them remove the parametric constraint (seeinfstance Azomahou et al., 2006; Azomahou and
Mishra, 2008) by adopting a not parametric framdwyahe Generalized Additive Models (Hastie and
Tibshirani, 1990; Wood, 2006). This can be impartarcapture complex non-linear relations.

Finally and of main concern, we introduce ie tinodel unobserved time related factors which @an b
correlated with both the emissions and income. T@sause the standard unobserved (time invariant)
heterogeneity specification, is useful only if ttesearcher is interested in capturing the globfaces of
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GDP on CQ including the indirect effects linked to the omdt(or unobserved) variables, such as energy
prices, technological change, environmental pdicetc, which are correlated with both GDP and time
However, if the goal is measuring the ceteris peritmpact of GDP on CQemissions, such specification
might be not appropriate. In particular, by estimg@ta nhonparametric variant of the random growttdeho
(Heckman and Hotz, 1989, Wooldridge, 2005) we extie approach by Vollebergh et al. (2009) and show
that allowing for country specific unobserved tinedated factors (rather than common) is relevari o
terms of (econometric) model building and with essto the economic and policy implications that ba
drawn from the analysis.

When considering only time invariant unobsertieterogeneity, we robustly show using both pardmet
and nonparametric estimators that the groups ofitces that were in the "Kyoto arena’ less in favolu
stringent climate policy have yet to experienceraihg point in their monotonic and positive €i@come
relation. Northern EU instead robustly shows bélages across models. However, our results clearly
indicate that time related effects have been malevant than income effects in explaining the ommee of
such Kuznets curves. Such "two sides' evidenceegepted for most of the countries, even for thbaedo
not show EKC paths in the end. The EKC is alwagstaeffect, where a monotonic relationship witrpees
to income is eventually more than compensated foyngtnegative relationship between (unobserved® tim
factor and CQ@

These results allow a policy oriented reasomaimg) provide a basis to highlight the following tp@ints.

First, they are consistent with the idea thkew reason explaining why some countries suppdftigito
from the beginning and are politically supportinger stricter targets (the 20-20-20 EU plan, the EU
resource efficiency strategy) is that they tooKyeactions decades ago in terms of economy resiract
and environmental policies.

Secondly, they confirm the fallacy of the simgKC adage, for which we show the importance kifta
into account for country specific time related &ast This latter result echoes Kuznets himself wéjected
the notion of uniform development patterns acrome and national contexts an advocated that weettad
clear perception of past trends and of conditiondeu which development occurred: different contexts
create different dynamic patterns, with a speabd played by structural changes of the econon3esin,
2010).

The paper is structured as follows. Sectiorrélsgnts the frameworks of analysed countries, sésicg
their differences and homogeneous features; se2timesents data and some descriptive statistixdiod 3
debates around on the methodology of parametricsand parametric econometric models sand comments
on the main results of the analysis. The final ®aatoncludes with some policy reasoning.

1. Country groups in the Kyoto arena

Three groups of countries are selected, stualeldcompared in order to go beyond a pure “honemgen
estimation approach and provide EKC for coherenbbaggregated countries. Environmental policyg-ec
innovation and energy (intensity and fuel mix) key pillars which are behind our categorisationops
are:

(&) The "Umbrella group': Australia, Canada, Japdew Zealand, Norway, U.S.A. this is a set of i'ant
Kyoto' countries, or rather countries willing toogd flexible instruments (such as joint implemeiotat
clean development mechanisms) rather than striry@htspecific national policies (carbon taxes, siors
trading) in order to achieve climate change relatéztnational and national goals.

(b) The 'European Union (EU) North": Belgium, Dearky Finland, France, Germany, Netherlands, Sweden,
U.K. those are the relatively more climate changieges supportive countries.

(c) The 'EU south': Austria, Greece, Ireland,yit&ortugal, Spain. Those are the countries thaé w8l|
relatively over "development oriented paths', ass in favour of stringent climate policies andéds.
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First, as far as environmental policy is coneel; various evidence revolving around environmnigrakcy
commitment and policy stringency is in favour ofr @ggregation choice. Before and after Kyoto anal Ri
Convention, the northern EU countries behave qdifierently with respect to climate change policies
Scandinavian countries were the only to implemertedfull ecological tax reform in the early 90artly as
a consequence of the 1992 Delors white book. Theablk Germany than followed. Ecological tax reforms
(Andersen and Ekins, 2009) are instead still abbetit from most if not all (a) and (c) groups f@rious
reasons. Data on environmental tax revenue on GDAROSTAT) in fact shows that only Scandinavian
countries and the Netherlands historically prefigntes larger than 3% of GDP (and 6% to total saxeth
Denmark at 11% and UK at 6.5%), with differenceat tivere larger in the 80's and 90's. The UK has
recently strongly increased the share on GDP thougte diffuse use of environmental taxes. Thoskiite
energy taxes, which often are implemented as iodesvironmental taxes. The picture on pollutioxetais
even more striking. The (b) group accounts for ntbae 80% of EU total revenue in 1995. The dynamaie
not changed since the past periods, with strikirgmgples such a Denmark, a country that collects in
environmental taxes 20 times the amount of Italpifdons Euros), that has a much larger GDP. Tégaily
exploited “environmental policy stringency indeMVdrld Economic Forum Executive Opinion survey)
reinforce our argument. A recent OECD paper (Jamestat al., 2010) shows that (over 2001-2007 )
stringency is higher in Germany, Denmark, Swedeith wiost of (b) having a value higher than 6 (1-7
index), Canada, Japan and US in the middle ofahketand Greece, Spain and Italy showing index lowe
than 5 in an area where some less developed cesirgtay. In terms of “stability and transparendy' o
environmental policy regimes the picture is eveikat: the cluster of (b) is in the highest palne (a) group
lies in the middle, with the US bad positioned, amain countries of (c) lagging behind. Some ovepiag
occurs, but in the end the (a-b-c) categories alnerent with the environmental policy structuratory.

Eco-innovation. Recent studies (among otheitsnstone, Hascic and Popp, 2010, Johnstone &0&I8;
Johnstone and Labonne, 2006; Popp, 2002; Brunnermaed Cohen, 2003) have presented various evidence
on the relation between environmental regulatiors green innovations. It is interesting, in examgnthe
trend of EPO patent applications in renewable, thatGerman leadership begins in the late 80's(@g
when Germany started to strengthen its environrhgmicy commitment then influencing most EU
Directives) and consolidates in the 90's. The (etguk as big countries) role of Japan and US isfgignt,
but it is overwhelmed by Germany if one takes exdoount GDP and population differences. Taking acto
of size, the Denmark performance is also outstandiopp et al., 2010). Air pollution abatement
technologies also shows a dominance of GermanytbeddS, which has increased since the early 8iils, w
France closing the gap as well. Overall, the 98&871s to have anticipated the Kyoto protocol, insafa
pollution, clean coal and renewable technologiessiwaly increased, reaching a peak of the trerDO1.

As shown by Dechezlepretre et al., 2011), the ammeof climate change patents as a world share is
correlated to oil prices and shows a great momerituthe 90's. Trends and increases were much differ
for other green technologies (Johnstone et al.0R0Within the EU, the established innovation sboged
(European Commission, 2009) places ltaly, SpaireeGe and Portugal as moderate innovators, and
Germany, Sweden, Denmark, Finland (Norway insteadgnting a low index) and UK as leaders. R&D
figures also shows a strong divide between northachsouthern EU countries. Turning the head tmem
global picture, we note that considering again atenfriendly patent trends (1978-2006) (Dechezlepret

al., 2011), while Japan, Germany and the US raskifi terms of patenting activity (EU27 weight92y it
must be noted that EU weights more than North Acaednd Japan if one looks at inventions that are
patented internationally (capturing innovation eyadnd diffusion .

Germany is now first with 22%, UK 6%, US 13%Mhe 6% of world share attributed to the sum of Eean
the Netherlands and the UK is also knowledgeahleel capital terms the EU leads the picture. iryilto
environmental policy issues, some overlapping agdoaut in the end the (a-b-c) categories are cohevrigh
the (eco) innovation history of the considered ¢oes in terms of homogeneity within the observdeGD
internal differences.

As third point we may consider is related tergy issues. In overall, a decrease of energy as&pP
terms is observed for main and richest OECD coemin the recent past (Geller et al., 2006), withneUS
and Norway leading the path. Japan, US and maircd&istries performances are strongly correlated over
1973-1998. Somewhat differently, we note that epesfficiency of fossil fuel production awards the
northern EU (but also Italy, having historicallyghienergy prices) with respect to Canada and theTt&
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fuel input mix is also relevant for understandirntgustural factors behind macro energy efficiencys A
example, recent evidence shows that the coal stmargignificantly reducing energy efficiency and
knowledge accumulation (patents) increasing it @déni et al., 2010). The observation of coal and
renewable shares highlights differences. The changeal-based energy use over 1970-2001 (Intemmailti
Energy Agency energy balances sources) is of -26%ECD Europe and +90% for OECD North America
(comparable in GDP terms), with meaningful det&ilsour reasoning (Australia +130%, US +81%, Canada
+82%. The EU witnesses striking different perfore®iAustria -18%, UK -56%, France -66%, Germany -
41%, while "developing EU countries' such Spain2fhland Greece +600%. We also mention exceptions in
the North like Denmark historical reliance on c@dhcobsen, 2000), + 92%, Sweden +30%). As far as
renewable sources are concerned, primary energhystgbles show similar increases for solar/winat tre

so massive to be difficultly commendable in theglawn. We note that comparing Europe and North
America, the 2001 ratio of installed energy sugpl:2; strikingly lower than that of 1983 (OECD o
America was nearly to 0), but still significant. rRaps due to the complexity of the energy issue, th
disaggregation of countries in a-c groups is hess tlear cut than above. Nevertheless, insightaedmix

and renewable shares depict differences that peaotierence to the selection and grouping of cimsntr

2. The Data

Data on emissions are from the database oralglobgional, and national fossil fuel CO2 emission
prepared for the US Department of Energy's Carbioxi@e Information Analysis Centre (CDIAC). For our
study, we use the subset of emissions data thathemthe available time series on GDP per capdga bn
GDP per capita in 1990 International "Geary-Khaohidfars are from the database managed by the OECD.

For our study we use the subset of emissioa i@t matches the available time series on GDRayEta
on the basis of joint availability, series contiguiand country definitions. This resulted in a p&nwhich
covers a longer period (1960-2001). Table 1 belomrsarises the main variables used and the deseripti
statistics. The Umbrella group presents the highestage level of both CO2 per capita (expresseerins
of tonnes per capita) and GDP per capita (3.141&t43, respectively) while southern European aaesit
are characterised by the lowest average levelsidf sariables (1.48 and 10,215). The northern Eeanp
countries have a similar average level of GDP pgita (14,203) compared to the Umbrella group bet a
characterised by lower levels of emissions (2.&Igures 1--3 depict the relationship between, @GAd
income for the three samples. We provide real datd, the curve fitted (non-parametrically) by rdabus
locally weighted scatter plot smoothing (lowned®)e relationship CO2-GDP is quite homogenous within
each group: it is clearly monotonic (eventually rdimear) for the Umbrella group and for EU-South bu
shows an inverted U shape for EU-North countries.

Table 1- Descriptive statistics

mean s.d. Min max
Umbrella group
CO; per capita 3.144921 1.393584 0.67 5.85
GDP per capita (GDPpc) 15,143.21 4,763.547 3,996.41 28,129.23
EU North
CQO; per capita 2.60875 0.5630643 0.91 3.88
GDP per capita (GDPpc) 14,203.73 3,759.392 6,230.35 23,160
EU South
CO; per capita 1.488294 0.6085014 0.25 3.05
GDP per capita (GDPpc) 10,215.44 4,265.277 2,9%5.83 23,201.45

T=1960-2001; C@per capita in t/pc; GDP per capita in 1990 Intéomal ‘Geary-Khamis’ dollars
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3. Econometric analyses: heterogeneity and time ied factors

Following the recent EKC related literaturest Us suppose that the researcher observes patael da
(y_{it},x_{it}), where y is the logarithm of CQ@ emissions per capita, x is the logarithm of peiteaGDP;

iel’, andT is the set of cross-section unifs={1,2,...,N} and €A={1,2,...,,T} indicates time series

observations. A general and, at the same timedemtifiable EKC specification is given by assumthgt
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the income effect, the effect of (time invarianfiobserved heterogeneity, the effect of time and the
idiosyncratic effect are separable:

D y_{it}=c_{i}+f(x_{ith+g(t,)+ & {it}

where the effect of the time invariant unobservadables is captured by introducing individual-efik

effects, ¢_{i}eR, the function fY—R captures the effect of income on CénissionsY denotes the set of

possible values of x_{it}) while the effect of timeventually heterogeneous across countries) isuned

through the function ixA—R ande_{it} is an idiosyncratic error term. The main i€suin terms of

econometric modelling rely on the speciation of {{#) and g(t,i).

The most adopted specification in early stutesonstrained, i.e. assuming that g(t,i)=0 angasing to
f(x_{it}) a parametric form with homogeneous slspecross countries (Cole et al., 2003; 1997).

First, with respect to f(x_{it}), it could beseful to remove the constraint that f(x_{it}) ishogeneous
across countries (Musolesi et al., 2010). This rmayid the so called heterogeneity bias (Hsiao, 003
Moreover, in order to obtain a more precise esionaif the shape of the function some researchardeu
out the relevance to adopt a not parametric framevwazomahou et al., 2006; Azomahou and Mishra,
2008).

Secondly, let us focus on the restriction 0i Such a constraint is motivated by the follogvieasons:
it allows for a greater comparability with existirgjudies and, maybe more important, , this kind of
econometric specification is useful if the researal interested in capturing the global effectsS@iP on
CO, including the indirect effects linked to the omdt(or unobserved) variables, such as energy prices
technological change, environmental policies, wtich are correlated with both GDP and time. Howeife
the goal is measuring the ceteris paribus impa&DP on CQ emissions, imposing g(t,i))=0 might be not
appropriate because it leads to an omitted timatedl factors bias. Recently, Vollebergh et al. @00
estimated eq. 1 without imposing a parametric féaton for f(x_{it}) and introducing unobservednie
related factors which are assumed to be commopecific groups of countries.

In the following, we provide alternative spemations for both f(x_{it}) and g(t,i). This allowsis to
understand how the issues of slope heterogeneity, gonstrained functional form and time related
unobserved factors affect the estimation of the G&iCthe three groups of countries under study.ufo
analysing both income and time related variatiamsgrgroups and countries, we will devote attentmn
individual time related factors that could explaime overall EKC dynamics emerging from country
aggregations.

3.1 The benchmark parametric specifications and slope heterogeneity

First, let us suppose that g(t,i)=0 (such retsdn imply focusing on the global effect of GDR €G;) and
that f(x_{it}) can be approximated with a polynorfanction. In such a parametric panel data congext
relevant but tricky issue is choosing between hanegus and heterogeneous estimators. On one hand,
along with the increasing time dimension of paneltadsets, some authors suggested the use of
heterogeneous estimators allowing for individuapsk (Pesaran and Smith, 1995; Hsiao et al. 1988).is
mainly motivated by the possible heterogeneity bssociated with the use of pooled estimators.dhsted
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out by Hsiao (2003), if the true model is chardstast by heterogeneous intercepts and slopes, distisa
model with individual intercepts but common slopesild produce the false inference that the estidhate
relation is curvilinear. Empirically, this situatias more likely when the range of the explanatasiables
varies across cross-sections. This situation gooreds to our empirical framework since per capifaPG
presents high variation across countries. On thnerohand, most researchers agree about the use of
homogeneous estimators since the efficiency gaora pooling often overcome their costs (Baltagakt
2000, 2002, 2004). Finally, some researchers haggested using "intermediate” estimators as Bayesia
shrinkage estimators (Maddala et al. 1997) or theldel Mean Group (PMG) estimator (Pesaran et al.,
1999).

We employ the following "homogeneous estimdtdi&able 2): the Least Square Dummy estimator
(FEM) allowing for individual fixed effects, as basand with the standard errors calculated usirgy th
formula by the Driscoll-Kraay (1998) which corredtse variance-covariance matrix for the presence of
serial as well as spatial correlation. Indeed,Ghess Dependance (CD) test (Pesaran, 2004), syrogjgkts
the null hypothesis that the errors are independeratss countries. For this reason we also estithate
model using the GLS slopes constrained Seeminghglaited Regressions estimator (SUR, Zellner, 1962).
Then we use the PMG estimator proposed by Pesdrat. €1999) which can be considered as an
‘intermediate’ estimator since it allows interceptsort-run coefficients and error variances tdedifreely
across cross-sections while holding long-run coigffits the same.

Next, we apply five "heterogeneous estimatfsibles 3-5). First, the Swamy (1970) random coigffit
GLS estimator, which is a weighted average of titevidual least squares estimates where the weaylets
inversely proportional to their variance-covariameatrices. Then we use the Mean Group (MG) estimato
proposed by Pesaran and Smith (1995) for dynamidefsolt is defined as the simple average of th&OL
estimators relative to the individual equationsregped in ARDL; the hierarchical Bayes approach,(HB
Hsiao et al. 1999) which makes use of Markov Cihdamte Carlo methods via Gibbs sampling. Hsiao et al
(21999) show that this is asymptotically equivalenthe MG estimator but in practice it might befprable
to other estimators (see also Baltagi et al., 20Bidally, the shrinkage estimators described irdtiéda et
al. (1997), that is, the Empirical Bayes (EB) ahe tterative Empirical Bayes (IEB) estimators. The
parameter estimates are weighted averages (degemalithe parameter variance-covariance matricejeof
pooled estimate and the individual time seriesvedtes. Thus, the individual estimates are “shrnavkard
the pooled estimate. Tables 2 and 3 present tiaatiin results starting from a quadratic specifaaand
the model reduction is made by excluding non sigaift quadratic terms. This is a standard “fromegairto
particular' procedure in time series analyses faviag at the most economic and statistical sigaift
specification. For each employed estimators, wenixa the three samples of countries in terms diaar
income shape (elasticity) and eventual EKC turmpomt (TP), assessing whether this turning poi)(is
within or outside the range of observed values.

All the homogeneous estimators (table 2) shioat tjuadratic specifications are significant fdrthk
analysed groups. Nevertheless, the evidence isreliff across groups: while the TP for EU north ($91-
$14,030) is within the range of observed values ihinot the case for the Umbrella group and Elhsou
which show similar TPs, largely outside the obseémange of observations.
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Table 2 — Homogenous estimators

UMBRELLA EU NORTH EU SOUTH

FEM SUR PMG FEM SUR PMG FEM SUR PMG
LGDPPC 3.716 3.072 3.041 16.888 15.202 12.846 2.862 2.498 3.117
(linear)

(5.97) (15.133) (2.067) (9.96) (26.165) (5.375) 4.87 13.287 (4.485)
LGDPPC -0.173 -0.138 -0.126 -0.890 -0.796 -0.687 -0.132 -0.113 -0.152
(quadratic) (-5.23) (-12.54) (-1.65) (-9.89) (25.67)  (-5.452) (-4.14) (-11.30)  (-4.000)

EKC shape inverted U inverted U inverted U inverted inverted U  inverted U  inverted U  Inverted U  intesl U

Turning point

($1900)  “6:160.715 68,216.025

174,113.091 13,195.623 14680 11,491.294

51,067.782 63,139.216 28,375.730

Turning point
range

Out out

out in in in

out out out

t statistics in brackets. L indicates log (LGDPRE{GDP per capita)). FEM: Fixed Effects Estimgfriscoll-Kraay covariance matrix). SUR:
GLS slopes constrained Seemingly Unrelated Regmessistimator. PMG: Pooled Mean Group estimator.
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Table 3 — Heterogeneous estimators

UMBRELLA EU NORTH EU SOUTH
Swamy MG HB EB EIB Swamy MG HB EB EIB Swamy MG HB EB EIB
LGDPPC (linear) 0.473 0.475 3.600 0.473 0.473 17.492 12.262 17.494 17.470 17.287 0.464 0.436 2.178 0.465 0.465
(4.778) 3.006 (36.327) (4.827) (4.876) (4.135) (4.966) (201.080) (4.330) (4.791) (6.705) (4.955) (25.326) (6.838) (6.838)
. -0.163 -0.922 -0.654 -0.922 -0.920 -0.912 -0.088
LGDPPC (quadratic) (-3.630) (-4.229) (-5.070) (-36.888)  (-4.319) (-4.800) (-2.667)
EKC shape monotonic monotonic inverted U monotonic monotonic inverted U inverted U inverted U invelrte inverted U monotonic monotonic inverted U mamt Monotonic
Turning point ($1990) 62,501.4 13,172.68 ,785.41 13,159.87 13,287.32 13,062.78 23,6206.8
Turning point range out in in in in in out

t statistics in brackets. L indicates log. (LGDPRG(GDP per capita)). SWAMY: Swamy's random cog#fnt estimator. MG: Mean Group estimator. HB: iehical Bayes. EB: Empirical
Bayes. EIB: Empirica Iterative Bayes.
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The comparison of the five heterogeneous panelatdbaators (table 3) presents slightly differeridence,
which provides insights into economic and methodicia perspectives. First, they confirm the exiseenf

an inverted U relation in the case of northern Baem countries with TPs that are very close toehos
obtained imposing slope-homogeneity. However, fothbthe Umbrella group and southern European
countries, most heterogeneous estimators providiemee of a linear CO2-GDP relationship. The ediha
elasticity is always slightly lower than 0.5, whiigha sign of relative de-linking. It could be aisteresting

to note, in the light of the results by Baltagiagt (2004), that the hierarchical Bayes estimatawvides
results that are very close to those obtained wiserg homogeneous estimators.

The applied estimators cover a wide range stidities, regarding the heterogeneity in thepsleand
others relevant - parameters, the dynamic behagtberPMG, MG are model with an autoregressive and
distributed lags structure) and the cross sectiandlserial dependence. They provide a very raduidence
of an inverted U relation for the northern Europeauantries, and basically reproduce what depiateiyil-

3. We finally show in table 4 the results obtain@u the full sample of countries. In this case, both
homogeneous and heterogeneous estimators indltateestimating the model on the full sample would
erroneously provide evidence of a CKC. It therefadditionally gives a clear indication about thievance

of the adopted countries' categorization and thpomance of looking into specific (individual) etts
associated to income and time effects.

Table 4. Full sample’s estimates

ALL COUNTRIES
FEM SWAMY
. 4.804 8.616
LGDPPC (linear)
(5.99) (3.04)
. -0.240 -0.437
LGDPPC (quadratic)
(-5.51) (-2.87)
EKC shape inverted U inverted U
Turning point ($1990) 21,371 18,898
Turning point range in in

t statistics in brackets. L indicates log (LGDPRG{GDP per capita)). FEM: Fixed Effects Estimgioriscoll-Kraay covariance
matrix). SWAMY: Swamy’s random coefficient estimato

3.2 Non constrained functional form and common time effect

The main limitation of the above mentioned paetiic approaches we used as benchmark is that they
hardly capture non-linear complex relations thaitncd be easily approximated with a polynomial fimct
This is relevant in our study (see fig. 4 for Unllargroup, other figures are available upon request
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Figure 4. Umbrella countries: real and fitted values with homogeneous (FEM) regression and heterogeneous
(SWAMY)

(scatter : real values. Straight line : SWAMY. Quadratic line: FEM)

We consequentially estimate the function f(&){adopting a semi parametric approach and inigaer,
given the additive structure of our panel spedificg the Generalized Additive Models (GAM, Hasgied
Tibshirani, 1990; Wood, 2006) can be an useful &aork for the analysis (Azomahou and Mishra, 2008).
The eq. 1. constraining g(t,i)=0 as in the previsestion is thus re-estimated semi-parametricalggithe
R package "mgcv". The model is estimated by peedlimaximum likelihood. Let consider a semipararoetri
(generalized) additive model of the form:

(2)  E(_{Dh=p_{} and g(u_{i})= n_{i} =z_{i} ‘w+h(x_{1it)+f o(x_{2it})+...,

where y_{i}~ an exponential family distribution, g is a monadtolink function, z_{i}w is the parametric

part of the model and the f _{j} are smooth funcsaof the covariates x_{j}, such a model is estirdatby
maximizing:

3) I)-(1/2)36_{1} JTf_{i} "(x)]2dx

where | is the log-likelihood of the linear gdietor, the terms in summation serve to penalizeetowith
excessively complicated component functions wite ffarameter® {j} which control the trade-off
between model fit and model smoothness. In practiee penalized likelihood is maximized by penalize
iteratively reweighed least squares (P-IRLS) (Wa2@04). How to estimate these smoothing parameters
0_{j} and how to represent the smooth functions § §re the main issues to deal with. Thin Plate
Regression Spines (TPRS) are adopted as a basiprasent the smooth terms f_{j}, since they hawmes
optimality properties (Wood, 2003). The smoothirggmeter®_{j} are selected directly using the so called
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outer iteration (Wood, 2008) which it has been ahaavbe computationally efficient and stable andpad
the GCV (Generalised Cross validation) criterioheTestimation results for the nonparametric parhef
model are in table 5 below (column "IFE", Individiaxed Effects) where for each smooth term theee a
reported the estimated degrees of freedom andaitresponding p-value whereas the resulting plotthef
smooth terms (with their confidence intervals) degicted in fig. 5.
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Table 5 - Semi-parametric estimation

UMBRELLA EU NORTH EU SOUTH
“IFE” “IFE_CT” “IFE_IT" FE_IT_IS”  “IFE’ “IFE_CT” “FE_IT" FE_IT_IS”  “IFE’ “IFE_CT “IFE_IT” “IFE_ IT_IS”
SMOOTH Edf(p) Edf(p)) Edf(p) Edf(p) Edf(p) Edf(p)) Edf(p) Edf(p) Edf(p) Edf(p)) Edf(p) Edf(p)
713 469 1 6.59 7.04 1.28 550 4383 3.87
LGDPPC
(2e-16) (6.25€-06) (2e-16) (2e-16) (2e-16) (3.6e-12) (2e-16) (1.39e-12) (2e-16)
7.10 7.61 7.26
TIME
(2e-16) (2.73e-05) (2e-16)
1 6.62
TIME_AUSTRALIA
(0.42) (0.011)
7.00 5.96
TIME_CANADA
(2e-16) (2e-16)
597 5.26
TIME_JAPAN
(2e-16) (2e-16)
8.14 8.18
TIME_NEWZELAND
(4.89e-13) (1.98e-15)
8.70 7.42
TIME_NORWAY
(2e-16) (8.20e-06)
5.85 6.10
TIME_USA
(2e-16) (2e-16)
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6.42 6.81
TIME_BELGIUM
(2e-16) (2e-16)
6.85 7.56
TIME_DENMARK
(2e-16) (5.37¢-08)
8.51 9
TIME_FINLAND
(2e-16) (3.59e-09)
495 521
TIME_FRANCE
(2e-16) (2e-16)
2.87 2.38
TIME_GERMANY
(2e-16) (8.97e-11)
5.86 3.65
TIME_NETRHERLANDS
(2e-16) (3.88e-11)
8.06 8.56
TIME_SWEDEN
(2e-16) (2.10e-11)
1 1
TIME_UK
(2e-16) (5.30e-06)
497 1
TIME_AUSTRIA
(2e-16) (0.0013)
478 461
TIME_GREECE
(2e-16) (2e-16)
6.18 574
TIME_IRELAND
(2e-16) (2e-16)
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518 4.99
TIME_ITALY
(2e-16) (2e-16)
1 1
TIME_PORTUGAL
(3.48e-05) (8.59¢-05)
6.39 451
TIME_SPAIN
(2e-16) (0.0808)
1
LGDPPC_AUSTRALIA
(.056)
1
LGDPPC_CANADA
(.156)
1
LGDPPC_JAPAN
(1.01e-12)
1
LGDPPC_NEWZELAND
(0.012)
5.67
LGDPPC_NORWAY
(0.018)
1
LGDPPC_USA
(1.32¢-05)
1
LGDPPC_BELGIUM
(8.40e-05)
6.81
LGDPPC_DENMARK
(1.45e-06)
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LGDPPC_FINLAND

4.62

(2.27e-05)
1
LGDPPC_FRANCE
(1.17e-05)
1.28
LGDPPC_GERMANY
(6.38e-05)
5.20
LGDPPC_NETRHERLANDS
(1.28¢-06)
2.74
LLGDPPC_SWEDEN
(:39)
1
LGDPPC_UK
(3.23e-05)
4.70
LGDPPC_AUSTRIA
(2e-16)
1
LGDPPC_GREECE
(0.0010)
1
LGDPPC_IRELAND
(0.0012)
1
LGDPPC_ITALY
(1.45e-05)
3.28
LGDPPC_PORTUFAL
(1.08e-07)
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5.39
LGDPPC_SPAIN

(0.0089)
AIC -639.21 -672.85 -1102.64 -1148.41 -659.70 -uTs. -1240.65 -1331.64 677.44 74567 -1192.58 -BR1
BIC -593.85 -606.53 -944.99 -946.50 -600.19 685.81  -1031.54 -1038.39 -633.33 678.31 -1053.63 1018

L indicates log (LGDPPC=log(GDP per capita)). Huficates estimated degrees of freedom. (p) istedye. TIME_ “NAME OF THE COUNTRY” is a"factorybcurve interaction” i.e. the interaction betweke t
common trend and the country's indicator variablé&sSDPPC_ “NAME OF THE COUNTRY” is a "factor-by-cug interaction” i.e. the interaction between logf&Pper capita) and and the country's indicator
variable. AIC:

UMBRELLA GROUP EU NORTH EU SOUTH
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Notes. s(LGDPPC, edf) indicates the estimated smooth function (and its 95% confidence interval) of log (GDP per capita) (f{x;) in eq. 1) and edf represents the estimated degrees of freedom.

Figure 5 - GAM with individual fixed effects but no trend (g(t) =0)
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The results clearly indicate that all groups of rdoies present nonlinear and quite complex,GDP
relation (the edf being 7.13, 6.59 and 5.50 fortmebrellas, EU-North and EU-South, respectivelyhc®
again, Umbrella and EU-South present a monotoratioa whereas for EU NORTH the Gincome
relation is not monotonic. These results, thusparéhe one hand quite similar to those commenteabove

for parametric panel models, in terms of econongoificance, but on the other hand at the same time
highlight the limits of parametric formulations. flact, EKC dynamics mostly look non linear and cterp
worth being investigated further.

On that basis, we next follow Vollebergh et(2D09) and allow unobserved common factors, sgobila
price (shocks), environmental policy stringencyiawation intensity etc, to affect homogeneously léwel
of emissions. A relevant difference with respectMollebergh et al. (2009) is that adopting a GAM
framework allow us to focus our attention also lom €Q-time relation rather than only looking at the "net
CO,-GDP relation. We remark again that both structimabvation/energy factors and the stringency of
policy implementation that characterise a counira @roup of homogenous countries might be releirant
explaining EKC dynamics. In addition, how differereas of the world and countries reacted to examgen
events such as, among others, oil shocks and emvéwotal global conventions, is a possible conterie
considered when analysing long run carbon-incontioaships. Such ‘time related effects' may weight
more than strict economic ones. Another approacitddoe well that of including additional covariatbsit
capture innovation, energy and policy issues. Thace was nevertheless ruled out since it restti time
span of observations and we aim at analysing langcenarios.

The analysis is implemented by introducing memn (non parametric) trend of the kind:

(4) y_{it}=c_{i}+f(x_{it})+g(t)+ e_{it}

The outcomes with group's specific non paraimégmporal trend now present a very different ymet
(table 5, column "IFE_CT", Individual Fixed Effecitad Common Trend, and fig. 6). Indeed, the;GDP
relation turns into a bell shaped curve (or attlebmoking at the confidence interval, there islaac
threshold) for UMBRELLA and EU SOUTH, and is now matonic and positive for EU NORTH. The
relation between emissions and the time factonssead positive for UMBRELLA and EU SOUTH and
significantly negative for EU NORTH.

Even more relevant, these results show thabteeall time evolution of per capita emissionglis/en
more by the unobserved common factors related tiows time effects, rather than by economic
development per se.

Such evidence, though somewhat countetiveuit first sight, provides a clear evidence tte
common time related factors bias is empirically amant and in the meanwhile adds more insightat, dhe
the corner stone of our analyses. First, southétrcdntries actually show some signal of delinkiatated
to income, not time. This may appear counterintaibut it is not. It could well be explained by thieserved
decrease in energy intensity of GDP in some coesm@ind by some structural production and consumptio
features that influence GHG/GDP ratios. Italy, ssneple, though not complying with its Kyoto targessa
country that given idiosyncrasies in the energykmgthistorically high energy prices and high moolgp
powers of energy utilities) may lead the GDP reladelinking within this group of countries. Its egg
efficiency was historically high (Arigoni Ortiz el., 2008). Austria, that possess nuclear, is anathse in
support of the argument. It would then be worthklng more in depth into country specific non common
factors as we will do later.

The same reasoning applies to Umbrella coumtB®me per capita emission stabilization is wgads
and in addition the ‘time component' appears torte&€, reduction only up to the mid 80's. The
“sustainability' policy era beginning in 1987 witte UN Brundtland Commission, followed by the 1982
convention, was possibly not impacting as possiéxegenous' time event, while oil shocks likely Isathe
effects.

As said, an apparently counter intuitive budsanable enough evidence, that gives support toefur
investigations, is also that related to northern. HEUfact, when disentangling income and time dffec
northern EU shows an increasing emission relatiadh vespect to GDP. We believe that the issue ts no
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what penalizes northern EU with regard to incomated dynamics, but what has advantaged northern EU
regarding the time related effects (over the alliqok from the energy shock in the 70's 80's to the
environmental policy era in the 90's). Some welbwn stylized facts can be advanced to explain such
results. A strong pattern of green technologicakstments in some countries, exemplified primalbify
Germany and also by UK/Scandinavian performanceseahll, which often intertwined with (higher than
average) stringency of environmental policies. Tihduced innovation' effect of environmental polmyuld

be at stake here (Jaffe et al., 1995; Jaffe anohd?all997; Barker et al., 2009). Environmental goknd
taxation can well induce emission reductions thhougovation inducement if effectively and efficign
applied (Millock and Nauges, 2006). Scandinavianntes were in fact the only ones to implement ful
ecological tax reforms in the early 90's with tiva &0 achieve “double dividends' (Aidt, 2010, Argtar and
Ekins, 2009; Andersen et al., 2007), later followley some experiences of ETR in Germany, UK
(Agnolucci, 2009), The Netherlands Overall, certaimimogeneity in the performances of the three wdiffe
groups is robustly noticed as far as the time edldatures of the EKC are concerned. This wasotsge
and supports our categorisation. Nevertheless, smmatry specific idiosyncrasies still remain pb§si
relevant, especially behind the common time trends

<footnote>Though some works that analyse countmegional differences have developed (Musolesi.et a
(2010) note that just for three of the five anatyseb-samples (G7, EU15, OECD) the EKC hypothesis i
robust; other recent works highlighted that theresome evidence supporting EKC shapes for CO2, but
variable by geographical areas and by estimatiohnigues (Martinez-Zarzoso and Morancho, 2004; Cole
2005, 2003; Galeotti et al., 2006, 2009), theréatk of investigation at country specific level. Ang
others, List and Gallett (1999) apply SURE techagjtor analysing US long run emissions by stateeso
EU heterogeneity in EKC performances is found asdussed in Galeotti et al. (2009), who analysa dat

to 2002. Individual country effects thus have besatively unexplored.

3.3 A nonparametric random growth model

More flexibility can be obtained by allowing amdividual time trend as in Heckman and Hotz's8d)9
random growth model : g(t,ij={i}t. Wooldridge (2005) provides very useful mettalogical insights while
Papke (1994) and Friedberg (1998) are examplesisgosmpirically how important can be to allow for
individual specific trends. A motivation of suchesgication is that it allows (c_{i}_{i}) to be arbitrarily
correlated with x_{it}. This can certainly relevamhen x_{it} is an indicator of program evaluatias in
Heckman and Hotz (1989) but could also be a kayeigs our framework since both CO2 emissions amd pe
capita GDP can be plausibly depend on individuak#j trends in addition to the level effect, ¢.{One
main reason is that even countries belonging talasirgeographical/economic groups tend to "spexsali
with respect to innovation, energy and also poliopovation specialization (specific ways to innyee.g.
patents or informal ways to adopt and protect; ifppeenvironmental innovations, e.g. climate change
oriented, waste oriented, etc..) is due to bothketacharacteristics and willingness to create coatpe
advantages. Policy specialization depend on thHeflm policy-induced innovation effects, and oa thays
country flexibly implement guidelines or Directivdsat set general targets (this is true for thes€ehario).
Policy makers -- lobbyers strategic bargaining aisatter (Aidt, 2010). Energy specialization depends
largely on natural endowments, but also on innowvatand policy actions (Johnstone at al., 2010;
Dechezlepretre et al., 2011). Those are factotsabacould appreciate in their specificity up tpant. We
here start moving into detailed effects of timeatedl factors, which may be more specifically defiaad
investigate in further analyses (e.g. the effecE®IC of a specific shock or policy). We thereforemose a
nonparametric variant of the random growth model:

() y_{if}=c_{i+f(x_{ith+g_{i}O)+ e_{it}

which consists at generalising (2) making iaténg the country's indicator variable with the
nonparametric trend. This specification is oftebelied as "factor-by-curve interaction" (Ruppertat
2003).

Introducing individual time trends reallyopides new insights (table 5, column "IFE_IT", iwdual
Fixed Effects and Individual Trends; fig. 7) froratb statistical and economic viewpoints. It is rasing to
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note that, beyond the economic policy's insightsluiding individual time effects is also importdram a
statistical point of view. Indeed, both the AkaBayesian Information Criterion - AIC and BIC - (talb)
strongly support such specification against the rmom time effects specification. Economic contents a
also worth commenting on and enrich our previousanues.

First, it can be noticed that the £GDP relation become in all cases more linear ¢itifeis now 1, 1.28
and 3.87 for Umbrella, EU-North and EU-South, resipely. We recall that edf=1 means the relatiopshi
linear) and clearly monotonic. This provides moredence on the fallacy of EKC and on the biased
evidence that homogeneous and parametric pangigsethay present (Galeotti et al., 2009; Vollebeggh
al., 2009).

Secondly, this new piece of investigation dieahows, at least for Umbrella and EU-South, titnet
relation CQ-time component is heterogeneous across countridsed, for the Umbrella, such relation is
overall roughly an inverted U for USA, Canada amgah, while it is positive for the other countries
(Australia, Norway and New Zealand).

“Innovation intensities' (especially patentedavation) that characterise the first set of coestand the
energy structure of the economy, namely endowmeintsirbon intense sources, for the latter threaldco
well explain such within group differences that edridden by the common time factor specification. A
resource endowment “curse' materializes. Counpiessessing larger stocks of (fossil fuel) resources
(Australia in primis, especially GOntense coal endowments) have comparatively fesmntives to increase
efficiency through innovation and to apply policidsat reshape the energy structure towards cosil-les
sources. They are also less exposed to internhttmeagy shocks. Even along environmental perfoaan
that remain less positive with compared than nontlJ, countries such as the US and Japan appéavé
reacted differently and more efficiently to oil shke of the 70's and 80's. This was an expectedt.resu

For the EU-South, Austria, Ireland, Italy ang® present an inverted U &@me component relation,
while Portugal and Greece show a positive and noomotrelationship. Thus, the monotonic relation,€O
common time factor relation slighting out in theyious section appear specifically driven by therposet
of countries confirming the "development' interptiein of EKC for such set of countries, that weteaged
still at mid 90's in the very low ranking in termEGDP per capita. The comparison between twoivelgt
anti-Kyoto groups of countries such as EU south ldnmdbrella shows with respect to individual timeeets
makes clear that the separate clustering is sathmelabsence of EKC evidence both groups presehtée a
first stage of the analysis is explained by thet that the time component does not ‘compensate' the
monotonic positive income-carbon relationship. Tie¢ effect, contrary to EU north, remains unfavblea
to absolute decoupling of those economies. In mufditve just noted that differences also exist leetw
Umbrella and EU southern countries: while somehefftrst group were positively “shocked' by timemrs
in the 70's-80 due to a relative scarcer abundahfssil fuel resources, emissions of southernc&Untries
were in the end driven by a development orientdl. p&here a structural time break is observed otila
be of interest to analyse its specific contentgiiure analyses.

For the EU-North, instead, the &me component relation is much more homogeneor@sa countries:
it is clearly negative in all cases, even if sorifeetknces regarding the degree of nonlinearityeappThis
indicates that the unobserved factors have nedptared primarily impacted the GGemissions. It is true
that this individual country analysis shows thathii the EU most countries present a negative catinoe
component relationship. Most of the EU reactedni@ tevents more effectively than other parts ofwioeld.
Those ‘reactions' are probably the major pre cmmdfor the striking differences in (historicallgpendant)
decoupling performances we observe today.

As already observed, for northern EU countiiiege effects in the end matter much more than ahabdy
outweigh income-related ones. The evidence attatthétbm is consistent across those countries wntlaefr
make robust what we highlighted when commentingommmon time' trend results. The factors explaining
this evidence are largely linked to the way EU hem countries reacted to oil shocks, mainly thihoug
energy saving and innovation oriented investmeBtgh reactions were then later also characterisa by
more effective adoption of environmental policycliding a relatively larger use of market based
instruments as carbon taxes (Andersen and Ekiid§, 20hd the 2006 special issue in Energy Polichjchv
could eventually be introduced in the future in tikoAmerica and Oceania as well (Metcalfe, 2008) Th
EU-North countries in fact present negative, rolars consistent CQunobserved time factors relation.
This evidence is coherent with recent evidencehenatverage EU performance (+1,5% GHG emissions of
CO, with respect to 1990 Kyoto baseline in 2008), whghows that it is driven by absolute delinking
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reached in countries such as Germany, UK, Swedelanié, France and by the worse performance ofrpai
Italy, Denmark, Austria among others (Borghesi, ROEEA, 2008). Those countries have also supported
more than others the design and implementatiom &S (Convery, 2009) in the EU.

Indeed, it is worth noting that where the relatCGO;-time is of inverted U type, the turning point is
approximately located in the 70s. This point furtbeggests the primary role that was exerted bghacks,
and surely by the following reactions and adaptatim (expected) increasing oil and gdices.

As a final step to the analysis focusing omliViidual country time effects', we can set bothome and
time factors as heterogeneous factors across énitsore general specification can in fact be oladiby
considering both individual time effects and indival income effects:

6)  y_{ig=f_{i(x_{ith+g_{iO+c_{i}+ e {i}

The results (table 5, column "IFE_IT_IG", Indival Fixed Effects, Individual Time and IndividuaDP
effect; and figure 8) are fully coherent with wipaesented so far, but still deserve some comméntact,
on the side of statistical performances (AIC, BiiGQJoes improve very marginally upon the randowwgh
-- homogeneous income effect specification. Newdeds, on the side of economic significance, we
highlight that the only two countries showing andried U EKC for the income-carbon relationship are
Sweden and Finland. Those are countries at theotopDP and Human development indexes, with a
relatively low share of industry in the economydarery environmentally efficient specialized indies).
All factors that had well been precursors of thegivironmental policy attention since the late 80laus, as
expected Scandinavia emerges in the leading positd the EKC performance, though we already noted
how the energy sources used to fuel the economgliges Denmark and Norway to some extent. This is a
clear example of how income-carbon (and time-carbdynamics present highly idiosyncratic and
heterogeneous contents that deserve specificiatteartid can differentiate potentially similar caued.

Conclusions

This paper extends previous and recent analgee€arbon Kuznets curves in three complementary
directions. First we adopt a classification of doi@s mainly based on their “carbon abatementhtat®n.
This allow us to provide many new insights botherms of economic policy and methodological, esgBci
with respect to the issue of the heterogeneity laigsociated to the estimation of large samples of
heterogeneous countries. From a methodological poew we indeed show that when estimating the
empirical specification on the full sample of caied we erroneously found an inverted U ,G&DP
relation even adopting a random-coefficient estimatlearly showing how important can be to esterthe
CKC on samples of quite homogeneous countries.

Secondly, we estimate the model with commonpacametric trend in order to avoid the omitted time
related factors bias. We adopt a GAM framework heeat allow us to focus our attention also on@a@-
unobserved common factors relation rather than mdling at the "net" COGDP relation. Time related
factors, whose content is mainly driven by innawatand policy elements, appear to matter much Itinane
income driven factors in explaining EKC shapes. thercases in which an EKC is robustly found- Nenth
EU-, it is the role of time factors that mattercdme-carbon relationship is heterogeneous acrasgpgrof
countries regarding the elasticity, but is all yullositive and linear in the end. If on the onecdarcome
effects appear to matter relatively more for Umlarahd Southern EU countries, time effects dominatd
drive long run emission-income relationship forthern EU countries. Sweden and Finland only appear
present inverted U income-carbon relationship enehd.

Finally, when we include individual time trentdg adopting a nonparametric extension of the rando
growth model, an additional insight and most omdimesult is emerging. From both a statistical and
economic point of view this model dominates thanown time trend' specification. It gives countrséba
insights on what is behind the "common unobservtirle effect". We first note that the more we detae
time related part of the analysis, the more the @BBon link becomes linear. Secondly, while stigkio a
sound grouping of countries in terms of their el features, it shows that heterogeneity regardion
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GDP time related factors well explain some diffees of performances even within groups. As main
example, Umbrella group seem to have reacted diffgr to oil shocks. This evidence is highlightedthe
individual time effects analyses wherein US andadapresent negative effects of time factors onararb
dynamics, while the common time trend for Umbrghaup was positively affecting emissions.

Overall, the countries under study differ moretheir CG-time relation than on the GE&BEDP relation
which is in almost all cases monotonic positivetHa end, we claim that the omitted time relatecidis
bias is found to be empirically much more importduain the heterogeneity bias associated to theatstin
of common income effects. One main message of dpermpis that the EKC relationship is explained to a
large extent by time related factors, whose speg@dlicy, energy and innovation contents deservefab
investigation in the future. Their heterogeneityriere important for explaining the EKC shape. Tash
confirms the fallacy of the simple EKC adage, angrenver highlights the “structural change' nature o
income-environment relationships, that could behe end largely and mostly affected by time related
events, including shock events. This is scopedahér research that should focus on the explamatidhe
specific contents. One direction is to test whetied which energy/policy shocks were significantl an
caused a structural break in the EKC dynamics.
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Figure 7 - GAM with individual fixed effects and nonparametric individual trend
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Notes. s(LGDPPC, edf) NATION “NAME OF THE COUNTRY” indicates the estimated smooth function (and its 95% confidence
interval) of the "factor-by-curve interaction" (interaction between log(GDP per capita) and and the country's indicator variable, fi(x;) in

eq. 4) and edf represents the estimated degtees of freedom.

s(TIME, edf)NATION “NAME OF THE COUNTRY” indicates the estimated smooth function (and its 95% confidence interval) of the
"factor-by-curve interaction” (interaction between the common trend and the country's indicator variable, gi(?) in eq. 4) and edf

represents the estimated degrees of freedom.
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Figure 8 - GAM with individual fixed effects, nonparametric individual trend, and individual GDP
effect
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