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Abstract

The relationship between G@missions, the main gas responsible for globamivag, and economic
growth is among the most studied themes of envieariad economics. Reducing overall emissions while
keeping a high pace of economic development iseahéart of the notion of sustainable development.
Economists refer to the case when emissions ineréasp. decrease) less rapidly than the pace of
economic growth as relative (resp. absolute) ddaoypThis requires the empirical analysis of the
emissions-GDP relationship. The study of this retethip has special importance for developed
countries, since they have been historically thanroantributors of the global warming.

Unlike the bulk of the literature, in this paper a#ow the income elasticity of emissions — a caii
metrics for the study of decoupling — to vary otiare. The reason is that the elasticity might cleang
through the time due to the factors affecting thigeds of the CQ@ emissions. We use a time-varying
coefficients cointegration approach to investigdie CQ emissions-GDP relationship for 12 Western
European countries over a long period ranging fi&®l to 2015.

The main finding is that the income elasticities @D, emissions are found to be positive in all
investigated countries. In addition, we find evidenin favor of relative decoupling — emissions
increasing more slowly than GDP — in 8 out of ti®European countries. The remaining 4 cases the
income elasticity of C@emissions are in excess of unity. In nearly hafases the analysis confirms a
statistically significant time-varying pattern fitre income elasticities.
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1. Introduction

At the COP21 conference on climate held in Pari3esember 2015, for the first time in history,
almost all countries adopted a universal, legallyding global climate deal. Governments
agreed on integrating climate change measuremational policies, strategies and planning on
the basis of their Nationally Determined Contribng to the mitigation of greenhouse gas

emissions.

In the past three years, global emissions of cadoxide from the burning of fossil fuels have

levelled after rising for decades. This is a sigat policies and investments in climate mitigation
are starting to pay off and that individual comnetits within the Paris agreement are being
pursued. While there is almost unanimous internati@agreement that the risks of abandoning
the planet to climate change are too great to gnibrremains critical to aggressively reduce
emissions to reach a zero level before the plamegerously warms.

As countries embark on the transition to a new alereconomy, there’s a debate about whether
growth can drive, or even coexist with, climatebdtzation. On the other side of the coin, it's
also a discussion of whether climate stabilizateam drive growth. While the relationship
between growth and resources is a complex onentreleyelopments show that @@missions
stayed flat in the three-year period 2014-2016 ev@DP continued to grow.

When emissions cease to increase or even declifle thie economy grows we have what is
referred to as decoupling. More precisely, if emoiss grow less rapidly than economic growth,
we have a situation of relative decoupling. Whesytimstead decline while the economy grows,

we speak of absolute decoupling. This is ultimatlké/goal of any climate agreement.

The environmental and energy economics literat@® Iong been interested in the empirical
study of decoupling of emissions from GDP and ie tktrictly related concept of the
Environmental Kuznets Curve (EKC), whereby as ineagrows relative decoupling turns into
absolute after some income turning pdiftecoupling can be simply computed from actual data

as the ratio between growth in emissions relativgrowth in GDP, so that year-by-year patterns

! Decoupling is not an exclusive concept of CO2 siuiss. It also refers to energy consumption arskteral other
pollutants (OECD, 2002).



can be observedMost contributions in the literature, however, fpreto rely on econometric
analysis which allow to summarize the relationdigpween emissions and GDP by means of a
few statistical parameters on which the evidencdenoupling and EKCs is based. In this paper
we study decoupling between carbon dioxide emissimd GDP for 12 Western European

countries observed over a very long time period.

A useful metrics to evaluate decoupling is the mecelasticity of C@ emissions to GDP. By
econometrically estimating an emissions-GDP retetip for each country, in this paper we
compute the income elasticity and therefore oht#egrence on the decoupling issue. Unlike the
bulk of the literature we adopt a time-varying dméént specification for our regression model
and implement a recently developed time-varyingnegration method. This approach has a few

distinct advantages over the “standard” fixed dogfhts approach.

The remainder of the paper is organized as follo8ection 2 briefly reviews the relevant
literature, Section 3 discusses the notion of delbog and of income elasticity of GO
emissions. Section 4 presents the data used teimapit the methodology outlined in Section 5.

Section 6 discusses the findings and the conclusiagon closes the paper.

2. Literaturereview

The present paper looks at decoupling on an indalidountry basis. Most of the literature takes
advantage of the availability of statistical inf@tion both over time and across countries. Panel
econometric methods are the norm. When the moawrigctly specified estimated coefficients
are more efficient as more information is exploitelbwever, panel methods typically rest on
some cross-sectional homogeneity assumption, wimais not be warrantied and in principle
should be tested for. On a more conceptual lewgescountries show significant differences in
political, social, economic and biophysics factasag should expect that different countries
exhibit different patterns for their relationshipstween environment and income. Therefore, the

assumption that the EKC slope coefficients are tamisacross countries would be misleading

2 One recent example of this approach is Naqvi amitid (2017) which examines the decoupling of sotlptants
(including CO2 emissions) from economic activitysilx economic sectors of 18 EU over the period 12088.
The literature on EKCs is vast and several sureegsavailable that summarize the evidence: oneariteview
is, for instance, Carson (2010).



most of the time. Generally speaking, the stan@aa@hometric model in the literature has per
capita emissions that are a linear function of psved per capita GDP, typically either quadratic

or cubic.

To keep things short, we limit our attention to emic papers which have investigated the

emissions-income relationship for European cousitrie

Friedl and Getzner (2003) focus on Austria over pleeod 1960-1999 and find an N-shaped
EKC. Lindmark (2004) examines the long-run relagiop between CO2 emissions and
economic growth for the most high-income countaesr the period 1870-1992, employing the
Kalman filter type structural time series method aoncluding in favor of the EKC in these
cases. The limitation of this method is that ituiegs having regimes for the used time period.
Zanin and Marra (2012) investigate the EKC hypathesing additive mixed models. The
following countries are considered: Australia, AisstCanada, Denmark, Finland, France, Italy,
Spain and Switzerland during the period 1960-20bir results show the existence of a classic
EKC for France and Switzerland, an increasing imiahip for Australia, Italy and Spain, a
weak N-shaped relationship for Austria, while neeanlimear shapes are found for Finland
(inverted-L-shape relationship), Canada (a speecis¢ of the inverted-L-shape relationship), and
Denmark (M-shape relationship). Esteve and Tan{20t2) study the EKC for the Spanish
economy over the period 1857-2007. Their approactounts for a possible non-linear
relationship by making use of threshold cointegratechniques. The non-linearity is confirmed
and the results point to the existence of an EKGHe Spanish case. Fosten et al. (2012) study
the EKC for the United Kingdom (UK) utilizing a cabfunctional form and finding that such
specification best fits the UK data and concludimgavor of an EKC. The study makes use of
different methods from those used in convention&®ICEanalyses, such as a threshold
autoregressive model and a momentum-thresholdegressive model. Bella et al. (2014) use a
guadratic specification as a starting point anegtigate the CO2 emissions-income relationship
in 22 OECD countries for 1965-2006, reaching déifeérresults for three different country
clusters. Baek (2015) studied the impact of incaneCO2 emissions for the Artic countries
using the usual polynomial approach. Norway show&KC pattern; a N-shape characterizes
Sweden, whereas a linear relationship is consistgtit the cases of Finland and Denmark.

Apergis (2016) applies a Quantile Cointegration fieegijon method on data for 15 OECD



countries for 1960-2013 and concludes that thergtrisng evidence in favor of time-varying

parameters, finding an EKC for 12 countries outl6f Liddle and Messinis (2016) using the
linear cointegration method with endogenous breskestigate the CO2 emissions-GDP
relationship for 21 OECD countries over a very Igagiod 1870-2010 utilizing panel FMOLS

and DOLS methods. An inverted-U pattern is foundDenmark, France, Switzerland and UK;
a positive, less than unity income elasticity ftalyf and Norway (termed “saturation”), a near
zero elasticity for Belgium, and a unitary elasyi¢i'no transition”) for Spain. Finally, Jaforullah

and King (2017) consider OECD countries over 1960&and either quadratic or cubic income
polynomial models. Calculated income elasticitie€@®, emissions are in the range (1.2, -2.3)
for Denmark, (4.6, 1.2) for Finland, (2.6, 2.2) fdorway, and (5.6, 1.9) for Sweden.

3. Decoupling

Our starting point is the standard specificationagfyregate (country level) carbon dioxide
emissions €O,) which are taken to depend on income/GDf &nd population K). It is
customary to express the relevant variables incpgita terms, to control for the size of the
economy. Thus:

1) €0,/P = g(Y/P)

The Environmental Kuznets Curve (EKC) literature baen typically interested in the curvature
of the environment-income relationship, in partauits possible inverted-U shape, and in the
location of the income turning point where the eumsstarts declining. This is equivalent to
assume thag(.) in (1) possesses certain analytical propertiasthe literature decoupling,
income elasticity of emissions, and Kuznets cumfgdvior are closely interrelated aspects of the
emissions-income relationship. Thgsé,) in (1) should also be able to address bothielgsand

decoupling issues. To show these conceptsplet CO,/P andy = Y/P so thaico, = g(y).

The decoupling of emissions from GDP is evidencgthle sign of the second derivativeggf).
That is:

8%co,
(2) a2y =g (y)<0



Thus, we have decoupling if the function is concavén indicated region of figure 1.

Figure 1: Decoupling of emissions from GDP
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This is not enough for a Kuznets curve, thougheé&dj condition (2) is necessary and sufficient
for “relative” decoupling: emissions rise less thamoportionally with income. However, the
condition is only necessary for “absolute” decongliindeed, we need to consider also the first

derivative ofg(.). In other words, we have the following:

(3)  Relative decoupling: 622“;2 =g"(y) <0; a;;Z =g >0
Absolute decoupling: a;czz =g"(y) < 0; a;;Z =g () <0

The role of the first two derivatives is clearliugtrated in Figure 1. Absolute decoupling is thus
what is needed for a Kuznets inverted-U behaviguie 1 shows that in principle we can have a

third possibility: relinking. This occurs when:

2
d<co,

(4) 5y, — S ()>0




regardless of the sign of the first derivativetHé second derivative of the function is negative
over some range of value pand then turns positive over the subsequent rahge,a N-shaped

relationship would occur. This is what is portrayedrigure 1.

The decoupling notion can be easily expressedrma®f income elasticity of emissions. If €O
emissions increase as income goes up, they arerméah good”. This implies a positive income
elasticity. If such elasticity is positive but lesgn unity, then emissions increase less rapidly
than income, implying relative decoupling. For dbt® decoupling, however, we have to have
that over a range of GDP values, the income elpstiarns negative: as income increases

emissions will decline. This will make them an imde commodity. All this implies the

following:
(5) Relative decoupling: dinco; _ 9coz y_
Ping: dlny - dy co,
Absolute decoupling: dinco, _ 9co, ¥
ping: alny ~ dy co,
Again, an inverted-U Kuznets curve will entail b@tbssibilities, with a positive les unitary

income elasticity turning negative after the tughpoint. As a matter of fact, the turning point is
precisely where the Kuznets curve stops rising tads to decline. This is equivalent to state

that the first derivative turns from positive togaéive, as evidenced by Figure 1.

To quantify the income elasticity and obtain eviceeron the potential existence and type of
decoupling between a country emissions and its GDFs necessary to select a suitable
functional form forg(.) in (1). The most popular parametrization of #wmissions-income

relationship is the log-linear polynomial functi@f income. Thus, (1) takes for instance the

following form:
(6) Inco, = ay + aylny + a,(Iny)? + az(Iny)3

where thea;s are coefficients to be econometrically estimafBide logarithmic specification
represents a natural framework where to investifjsancome elasticity of COemissions. In

fact:

(7) n= a;?:;)/z = a; + 2a,lny + 3asln’y



Note that linear double-log specifications of tmissions-income relationship entail a constant
income elasticity equal t@,: as such neither relative nor absolute decoupglamgbe modelled.
We therefore need polynomials of income to be addetie relationship. According to (7) the
sign and size of the elasticity depends on the arghrelative size of the estimated coefficients
a; (i = 1,2,3) but also on the evolution of per capitafRGIn this sense the income elasticity is

varying over time, driven by per capita GDP.

The typical parametrization of the @@missions — income relationship in (7) is chardte by
fixed a;s coefficients. The income elasticity is therefolgoabased on fixed coefficients. While
the most popular, the log-linear parametrizatiomasg the only functional form that has been
proposed in the literature. An obvious alternatiige the linear-in-variables expression
corresponding to (7), other flexible parametrizasionclude spline functions (Schmalensee,
Stoker, and Judson, 1998) or non-linear-in-pararaeeecifications (Galeotti, Lanza, and Pauli,
2006). One additional possibility, which has reeeivsome attention, is non-parametric
specifications. Unfortunately, the calculation @rgmeter-based indicators such as income or
population elasticities is not feasible in that teom, besides the very large sample sizes that

nonparametric methods typically necessitate.

One important result that relevant for the pregemposes is the theorem established by Swamy
and Mehta (1975) and confirmed by Granger (2008¢kvBtates that any non-linear functional
form can be exactly represented by a model thinesr in variables, but that has time-varying
coefficients. This is an attractive perspectivethesemissions-income relationship, and therefore
the income elasticity of emissions, needs not demety on the evolution of GDP, but may be
in principle affected by several other variables Aoted by Moosa (2017), these additional

controls need not be identified explicitly.

There are some studies which employed a time-vargoefficient approach to the emissions-
income relationship. Apergis (2016) applies a Quedointegration Regression method on data
for 15 countries and concludes that there is steandence in favor of time-varying parameters.
Moosa (2017) employes a Kalman filter approach tstalian data to assess the time-varying
properties of the coefficients and finds the evadem favor of time-varying coefficients. Esteve
and Tamarit (2012) employ a linear cointegrationdeiowhich allows structural breaks on

Spanish data and find declining but always positheme elasticities. Similarly, Liddle and

8



Messinis (2016) study the G@missions-income relationship for 21 OECD coustti@lizing a
reduced form, linear modeling approach which tak#e account endogenous breaks. The
limitation of employing a Kalman filter approachdaa reduced form model with endogenous
break is that they require the choice of regimdsclvmight limit the results. In addition, Chang
and Martinez-Chombo (2003) and Salisu and Ayindd.§2 note that an income elasticity based
on time varying parameters may be more appropmatght of the changes an economy may
undergo over long periods of time, when structbrabks and parameter instability are likely to

occur.

4. Data

This study uses long annual data for &missions, GDP and population for the period 11861
2015 for 12 Western European countries. These Awstria, Belgium, Denmark, Finland,
France, Germany, ltaly, Netherlands, Norway, Swed&nitzerland, and United Kingdom.
Carbon dioxide emissions from fossil fuel burnimg &xpressed in MtCO Gross Domestic
Product (GDP) is in millions of 1990 Internatior@ary-Khamis U.S. dollars, and population is
in thousand at a mid-year. G@missions data are taken from Boden at al. (2ahé)data on
GDP and population are taken from the Maddisondetq2013 version) presented in Bolt and
van Zanden (2014)CO;, emissions and GDP are converted to per capitastaftar dividing by

population.

Long time series are especially suited for a timmemng parameter analysis. On the other hand,
since we do not have available data for other ezleexplanatory variables for such a long
period, in our specification we can only use GDB population data. However, considering that
our main focus is the income elasticity of £@missions and that, as mentioned above, our
time-varying coefficient approach takes into acedhe omitted variable problem, the use of per

capita income as the only explanatory variablé&edy not cause a significant problem.

Figure 2 shows the time evolution of per capitassions and GDP both in terms of levels

(logarithms) and growth rates.

% The emissions data from Boden at al. (2016) st&D43 and the GDP and population data from Maddioive
at 2008: we update the data to 2015 using the Bredhtabase.

9



Figure 2: Timeevolution of the variable levels (Panel A) and growth rates (Panel B)

Panel A: Graphs of the levels of variables
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Table 1 presents some descriptive statistics. it lma seen that over the sample period, CO

emissions displayed a high volatility in many coie# reaching the highest values in Italy and

Finland. It was low for United Kingdom, Belgium, Beany (coefficient of variation smaller

than 33%), whereas for France, Netherlands thetiltylaof emissions was within somewhat

acceptable ranges (coefficient of variation smalan 66%). Regarding GDP, the volatility is

almost the same in many countries of the samplegmxfor United Kingdom, Belgium and

Netherlands. The level of volatility of income ®atively higher in Italy, Finland, Norway and

Sweden.

Table 1: Descriptive statistics

CO, emissions per capita GDP per capita

Country Min Mean Max  StDev CoV Min Mean Max St CoV

(%) Dev (%)
Austria -1.78 0.74 1.97 0.97 131 7.45 8.54 10.10 0.87 10
Denmark -1.01 1.28 2.62 1.00 78 7.47 8.74 10.13 0.85 10
France 0.10 1.39 2.27 0.56 40 7.48 8.62 10.01 0.85 10
Italy -3.67 0.06 2.10 156 2600 7.26 8.38 9.91 0.94 11
United Kingdom 1.70 2.23 2.47 0.16 7 7.97 8.88 10.11 0.64 7
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Belgium 1.22 2.10 2.66 0.36 17 7.75 8.75 10.07 0.73 8
Finland -3.75 -0.13 2.59 2.12 1631 6.79 8.30 10.10 1.06 13
Germany 0.13 1.91 2.66 0.62 33 7.37 8.59 10.01 0.84 10
Netherlands -0.01 1.52 2.59 0.73 48 7.78 8.78 10.11 0.75 9
Norway -1.51 1.00 2.59 1.06 106 7.00 8.50 10.26 1.04 12
Sweden -1.40 0.96 2.44 1.06 110 7.00 8.58 10.15 0.99 12
Switzerland -1.78 0.74 1.97 0.97 131 7.46 8.90 10.15 0.85 10

Notes: Variables in logarithmic forngt Dev= standard deviation; CoV = Coefficient of Variatio

From the joint consideration of the informationtie table and in the figure two facts stand out.
First, is the impact of the World Wars which affsttall the countries considered, determining
recessionary effects or slumps in the economicvisigtend consequent falls in emissions.
Second, is the sensitivity of emissions to econamicwvity, evidenced by the higher volatility of

the former relative to the latter, suggesting atp@selasticity. This is the issue we now want to

examine with the help of rigorous statistical tools

5. Econometric methodology and empirical results
5.1 Unit root tests

Since we make use of time series data, the fieqt st to test for the unit root properties of our
variables. Considering that our sample spans ttieee20" century and the trends seen above,
we suspect the presence of structural breaks iesdhes corresponding to the years of WW1 and
WW?2. To take this fact into account we employedZhet-Andrews unit root test which allows
for structural break (ZA) (Zivot and Andrews, 1992)

The results of the unit root tests are presentebaiole 2. It reports the results for the ZA test
only for the first differenced variables to conserspace. The years were selected based on
graphical inspection and considering the two wavltls as mentioned in prevoius section. All
variables appear to be stationary at the firsied#fficed form; we thus conclude that the logged

variables are I(1).

* We performed also standard Augmented Dickey-Fidists obtaining the same results. Since ADF ande&#fs
are widely employed and described in the literatmedo not describe them here.

12



Table 2: Unit root test results

variable
country Inco, Iny
Austria -4.783 (1914) -11.980**%(1938) -11.964*%(1914) -7.485(1945)
Denmark -12.439*%(1917) -17.921*%(1945) -11.879%¢1915) -11.178*%(1940)
France -11.872*%(1914) -11.292**%(1939) -5.344**1014) -6.496***(1940)
Italy -10.158**%(1916) -7.833*%(1943) -10.240**%(919) -9.669**%(1940)
UK -11.242*+(19109) -11.492*+%(1926) -9.434*+(1919 -8.008**%(1940)
Belgium -11.383**%(1914) -10.49% (1939) -9.926**%(1914) -9.741*+%(1939)
Finland -16.036***(1915) -12.999**(1939) -6.790*(1914) -6.972%*(1939)
Germany -15.827**%(19109) -10.227**%(1945) -8.838*(1914) -4.649**(1945)
Netherlands | -11.292%*(1915 -11.296***(1939) -1@9"*(1916) -9.964***(1939)
Norway -11.731*%(1916) -14.513*%(1940) -11.931%*%(1917) -12.036***(1940)
-14.282**+(1990)
Sweden -16.457**(1917) -15.357***(1940) -12.662%1916) -12.786***(1938)
Switzerland | -11.347*%(1917) -11.291**%(1940) -1179***(1916) -11.630***(1938)

Notes:. * and *** stand for rejection of null hyptiwsis at 10% and 1% significance level, respelgtivEhe
numbers in paranthesis are tywars tested for structural breack. Optimal lag bemchosen based on Swi
criteria.

5.2 Time-varying coefficient cointegration approach: methodological aspects

In the previous section we noted that a time-vayyarametric approach provides a convenient
methodological approach to the study of decoupbiossibilities between emissions and GDP. In
this regard the time-varying coefficient cointegrat(TVC) method proposed by Park and Hahn
(1999) allows for the possibility of a time-varyit@ng-run elasticity that is a smooth function of
time. In this sense, one can use time as a prokyufmbserved variables thaffect the
codficients of the model explanatory variableglithin this framework, we can simply specify

(6) as follows:

(8)

Incoyy = ag + arlny, + u,

whereu, is a latent disequilibrium error sequence assuimé@ weakly dependent. Note that the
GDP elasticity of CQ emissions is simply equal @, but it is varying over time and can

therefore be used to study the decoupling issue.

® The TVC approach has been applied to electriciinand (Chang and Martinez-Chombo, 2003; Chang. gt al
2014; Chang et al., 2016; Mikayilov et al., 201té)gasoline demand (Zuo and Park, 2011), and toepndemand
(Park and Park, 2013), inter alia.
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Coefficient a; is assumed to be a smooth function of time andapproximated semi-
parametrically by means of a Fourier flexible foram EFF) functional, which decomposes the
function into a linear combination of a polynomehd pairs of periodic functions. Letting
a; = a(t/T), wherea is a function defined over the unit interval whixtimits a FFF, we can

write:
(9) apq(r) = AO + Z?:l Ajrj + E?=1(1p+2j—11Ap+2j)¢j(r)’

whereg;(r)=(cos2mnjr, sin2rjr)’ forr € [0,1], which approximates a FFF psaindq increase.
By definingA,, = (A, -, Api2g) @and @ (1) = (1,7, ..., 7P, 01 (7), ..., g (r))", we may write
(pq(t/T)Iny, as Ayq@pq(t/T)Iny, or further asiy,,lny,q with Iny,.. = @,q(t/T)iny;. In
other words, the non-linear function may be appr@ted by a linear function of a new regressor

vectoriny,,.. Using this specification, the TVC model we estenatgiven by:
(20) Incoyr = T+ 2pge0 + Upge

where z,,: = (Inypqe)’s 0 = (Aq)', and upge = ue + (a(t/T) — apq(t/T))Iny, includes the
original disequilibrium error as well as an approation error due to fixing andg. The new
regressor vectoz,,, = (Iny,q.)’ contains the original regressor(s) and the elesnehp,, (t/

T)lny,, besides simplyny;. Note that the TVC model in (10) nests the linerd coefficients
(FC) model. That is, the TVC model reduces to tkedase whemp = q = 0, or equivalently

wheni; = =1 = 0 for non-zero values g§ andq. Thus, the null hypothesis of a fixed

p+2q
codficient specification is equivalent to a joint nwipothesis that all these d€ieients are zero,
while the TVC alternative is that at least onehafh is non-zero. The number of polynomigls (
and trigonometric pairgyj in (9) should be chosen based on Bayesian Infiom&riteria (BIC)
(Chang et al., 2014). Equation (10) can be estithbteOrdinary Least Squares (OLS) method,
but to avoid the problems caused by nonstationatg the use of the Canonical Cointegration
Regression (CCR) method proposed by Park (199pjeterable (Park and Hahn, 1999). The
CCR method transforms the non-stationary data,ikgepe same cointegration vector, so that
the conventional least squares procedures becofite fawve apply OLS to the transformed

data.
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In order to test the existence of a long-run retathip between the variables Park and Hahn
(1999) suggest the use of a Variable Addition T&#T) for cointegration, proposed by Park
(1990), which requires adding extra trend varialdesd testing the joint significance of the

appropriate trend coefficients.

5.3 Time-varying coefficient cointegration approach: results

The first step is to determine the number of thimpamials ) and trigonometric pairgyj of
(9) which minimizes the BiGralue. In Appendix A we report the findings. Thexnstep is to
estimate the equations based on the chosen speidfis using the CCR approach to the

transformed dati.

The second step requires testing for cointegraiien|f variables move together in the long-
run. As mentioned above we use the VAT test, whaghply looks at the joint statistical
significance of the coefficients of the added polynal trend variables. Accepting the null
hypothesis implies that the variables are cointegraln the testing procedure, whose results
are reported in Table 3 we employed four trend poifgials and tested their joint

significance.

Table 3: Testsfor cointegration and for joint significance of coefficients

Variable Addition Test (VAT) Test for joint significance of time varying
coefficients
Country Test statistics 0.5 % 1% CV 5% CV 10% | Test statistics 1% CV 5% CV 10%
cVv cv cv
Austria 10.20" 14.86  13.28  9.49 7.78 1.95 15.09 11.07 9.24
Denmark 4.65 1486 13.28 9.49 7.78 3.64 16.81 12.59 10.65
France 9.58 1486 13.28 9.49 7.78 1.46 16.81 12.59 10.65
ltaly 13.95 1486 1328 9.49  7.78 6.42 16.81 12.59 10.65
United Kingdom 14.64" 1486 13.28 9.49 7.78 2.91 16.81 12.59 10.65
Belgium 10.07" 1486 1328 9.49  7.78 1.95 16.81 12.59 10.65
Finland 16.87 14.86  13.28  9.49 7.78 391.377 13.28 9.49 7.78
Germany 16.42 1486 13.28 9.49 7.78 2417 16.81 12.59 10.65
Netherlands 2.59 1486 13.28 9.49 7.78 4.64 9.21 5.99 4.61
Norway 13.47° 1486 1328 9.49  7.78 0.95 15.09 11.07 9.24
Sweden 8.57 1486 13.28 9.49 7.78 212.63° 15.09 11.07 9.24

® The TVC estimation has been performed using Evi@®gprogramming features.
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| Switzerland |  4.66 14.86 1328 949 7.78 | 94207 15.09 11.07 9.24 |
Notes: The left hand side of the table demonstnasslts of the VAT cointegration test. The riglaind side of the table
shows the results of joint significance test ofdimarying coefficients, namehi= A,= A3= A4= As=... A =0 in order to test
whether or not the income elasticity is fixed ondivarying. *, **, *** and **** stand for acceptare of null hypothesis in
the case of VAT, and rejection of null hypothesisthe case of TVC at 10% , 5%, 1% and 0.5% sigguifte level,
respectively.

As can be seen from the Table, for ten countrigobtwelve, the test indicates that there is a
cointegration relationship with at least at 0.5%n#icance level. For two countries, namely
Finland and Germany, the VAT test suggests coiatémr only at 0.2% significance level.
Park and Hahn (1999) suggest that the failure to finthtegration relationships in many
studies based of fixed-coefficients parametrizegiomight be the result of parameter
instability. Inthis respect, our findings lend support to Park Hiatin (1999) argument as we

found a long-run relationship in all country cassing the VAT test they propoée.

We proceed on the assumption that there is a apiatieg relationship for every country
considered. The next step involves testing theisogmce of the time-varying coefficients.
As described in Chang et al. (2014), the test ie present context has a Chi-square
distribution withp+2qg degree of freedom. To test for the significancd¥C we thus equate

all the TVC coefficients)j’s) to zero and check their joint significance.

The results are given on the right side of TablénJive countries the TVC coefficients are
found to be significant: that is, we have enoughdence to conclude that the income
coefficient in Finland, Germany, Netherlands, Swedead Switzerland, is time-varying. For
the remaining countries the insignificance of TVE&sould be interpreted as follow: the
coefficient itself is positive and time-changingjtithe change is very small, so that the
average behavior of the coefficient appears to testant over time, i.e., the change is
insignificant. Hence, the finding of insignificafitVCs does not invalidate the positive
relationship between emissions and income. Theficeait of GDP (without the varying part:

Ao) is significant in all country cases with insigndnt TVCs, thus supporting the finding of a

positive income elasticity.

" The critical value for the 0.2% significance leigell6.92.

8 Evidence not reported here for brevity shows thaing the conventional fixed-coefficients polynomia
specification, the standard Engle-Granger cointegraest supports the existence of 7 long-runtietahips out of
12. Results available upon request.
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5.4 Time-varying coefficients and income dasticity of CO, emissions

The estimated parameters of time-varying coeffisidor income are reported in Table 4. The
results support the significance of the time vagyaoefficients for the above mentioned five

countries.

Table 4: Estimated time-varying coefficients

Parameters of the Time varying Income Coefficient
c z iy | a2 | Asicos@uy) | Aasin2ny) | dgicos(4nl) | Agsin(4md)

0 1- T 2. T 3- T 4- T A3 T Ag. T
Austria —6.32C*** 1.251*** -0.067 -0.00¢ -0.01C 0.01¢ 0.00¢
Denmarl -8.84¢ 1.45¢ -0.46¢ 0.31¢ -0.01¢ -0.00¢ 0.00% 0.00%
France -7.68( o 0.93(*** 0.03C -0.021 0.001 -0.001 -0.001 -0.001
Italy -15.34¢ 0.74¢ - 0.14Z -0.08¢ 0.007% 0.002 -0.00¢ -0.001
United Kingdon -0.85¢ 0.59¢ 0.18¢ -0.17¢ 0.00¢ 0.001 -0.00¢ 0.002
Belgium —7.22C*** 0.845*** 0.05¢ -0.04¢ 0.00*2** 0.001 0.001 -0.001
Finlanc -33.66: 0.86( -0.02¢ 0.05¢ -0.02¢ 0.001
German -0.48¢ 0.23% 0.64¢ -0.402 0.001 0.02¢ -0.024 -0.001
Netherland -10.53¢ 1.141 -0.04¢ 0.017
Norway -10.53( 0.901 0.11¢ -0.087% 0.00¢ 0.00¢ 0.001 -0.0001
Swedel -15.36¢ 0.72¢ 0.03¢ -0.00¢ 0.000: -0.00% 0.011
Switzerlant -26.49¢ 2.44% -0.36¢ 0.03¢ -0.02¢ 0.047% 0.00¢

Notes:t is constant ternii's are the coefficients of income variable. *, &hd *** stand for rejection of null hypothesis at
10% , 5% and 1% significance level, respectively.

For the remaining countries only the coefficiéntis statistically significant. This implies that
the income elasticity of CQemissions is based on a single fixed coefficiBnather words, one
advantage of the TVC method is that it encompatbeestandard fixed coefficient approach.

The time-varying income elasticity of CO2 emissiarescalculate is the following:

(8) N = a;;—;yoz =a, =l +14 (%) + 1, (%)2 + A3cos (Zﬂ%)

, t t , t
+ Aysin (27‘[ ?) + Azcos (4n ?) + A4sin (4n 7)
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Table 5 reports the estimated income elasticite€@f emissions. In the table we distinguisgh
between countries for which the TVC coefficientqi = 1,...4) are statistically significant, so

that the elasticity is time-varying, and countrdsere the elasticity is fixed and constant.

Table5: Estimated income easticities of CO, emissions

Significant TVC coefficients Insignificant TVC cdafients
Countries TVC interval Countries C(;effrilgzlm TVC interval
Finland [0.83,0.89]*** Austria 1.254 [1.20,1.26]
Germany [0.22,0.50]*** Denmark 1.455 [1.28,1.45]
Netherlands [1.11,1.14]* France 0.93 [0.93,0.94]
Sweden [0.72,0.77]*** Italy 0.746 [0.75,0.81]
Switzerland [2.14,2.52]*** UK 0.596 [0.60,0.64]
Belgium 0.845 [0.85,0.86]
Norway 0.901 [0.91,0.94]

Notes:TVC interval= the interval defined by minimum andximum values of TVC coefficients. Central
coefficient is the estimated value/gf. * and *** stand for significance of TVC coefficiemat 10% and 1%
significance level respectively.

6. Discussion

The possibility of decoupling the behavior of £@missions from economic growth is an
important feature of countries engaged in fighteignmate change and in energy/ecological
transitions toward a greener economy. As discuss&ection 3, we can distinguish bewteen a
weaker form of decoupling which entails a slowesvgh in emissions relative to GDP and a
stronger form which leads to a reduction in emisdievels as the economy keeps growing.
Decoupling is strictly related to the income elagfi of CO, emissions. Indeed, no decoupling
implies an elasticity larger than one, relative algging a positive less then unitary elasticity,

and absolute decoupling a negative income elasticit

The standard approach is to evaluate the inconséi@tg on the basis of parametrized models of

the CQ emissions — GDP relationship. The typical featwwEshese models are twofold: (i)
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emissions are a linear function of powers of GDRi¢ally second or third order), and (ii) the
coefficients to be estimated are fixed. The resglthcome elasticity depends on GDP, as shown

in (7), so that its variability is driven by income

In the previous section we have argued that a foaadficient framework is restrictive. Indeed, it
has been argued that any non-linear functional fwambe exactly represented by a model that is
linear in variablesput that has time-varying coefficients. An incomlasécity based on time
varying parameters may be more appropriate in laflthe changes an economy may undergo
over long periods of time, when structural breakd parameter instability are likely to occur.

Figure 3 shows the pattern of our time-varying mecelasticities over time.

Figure 3: Time-varying income elasticities of CO, emissions (1)
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The first thing to note, also from Table 5, is tladlt elasticities are positive. Our analysis
conducted for a set of Western European countnves a very long period of time does not
provide evidence in favor of negative income etaigs or absolute decoupling based on
historical records. The second remark is that theee four countries — Austria, Denmark,
Netherlands, Switzerland — where the income elastis in excess of unity, pointing to no

decoupling behavior, with emissions excessivelysgime to GDP. The third remark is that
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income elasticties are time-varying over time. Téserges more clearly in Figure Ve see

that there is tendency for income elasticitieswit&rland and Netherlands to decline: these are
also the two cases where the elasticity is higHasie other three countries the pattern is less
clear: the elasticity appears to be hump-shaped towe, although it seems to be on the rise in

the latest years. The variability of these elas#isiis however very small.

Figure 4. Time-varying income elasticity of CO, emissions

° For completeness we report in appendix B the tiamging behavior of the income elasticties of temaining
countries.
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To summarize, we find evidence in favor of relatdecoupling — emissions increasing more
slowly than GDP - in 8 out of the 12 European coestfor which we have very long time
series data. In nearly half of them the analysisfions a time-varying pattern for the income
elasticities. Finally, no negative income elasfiqiésults from our time-varying cointegration
approach. This last result requires two remark® Titst one is that econometric evidence is
based on historical data and experience: techrmdbgrogress and changes in the structure of

the economies have not been strong enough aster fssolute emissions reductions. But this
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does not imply that policy intervention, which fetefore called for, may permanently reverse
the trend in emissions. The second remark is tmatusual EKC pattern, whether inverted-U
shaped or not, portrays emissions vis-a-vis inconat, against time as in Figures 3-4. The
income elasticities that are sometimes reportedhan EKC literature are based on fixed
coefficients regression models and their behav#ordiiven by that of GDP. Our income

elasticities of emissions instead are based ome-viarying model specification. Comparisons
between these two representations and corresporetmgrical evidence are therefore not

appropriate.

7. Conclusions and policy implications

The relationship between carbon dioxide emissidhs, main gas responsible for global
warming, and economic growth is among the mostistuthemes of environmental economics.
The possibility of reducing overall emissions whikeeping a high pace of economic

development is at the heart of the notion of snatale development.

Economists refer to the case when emissions iner@gasp. decrease) less rapidly than the pace
of economic growth as relative (resp. absolute)odpling. This issue requires the empirical
analysis of the emissions-GDP relationship. Thdystf this relationship has special importance
for developed countries, since they have been rigalty the main contributors of the global
warming. The response of the emissions to the en@ngrowth, that is the income elasticity of

CO, emissions is an alternative way to consider tlfeodeling issue.

The literature on the CfOemissions-income relationship is vast: it has uaedariety of

econometric methods, has been based on panel widnal country analyses, has regarded
developed and developing countries, among otheuries In this paper, unlike the bulk of the
literature, we have allowed the income elasticitgmissions — a critical metrics for the study of
decoupling — to vary over time. The reason is thatelasticity might change through the time
due to the factors affecting the drivers of the,@&missions. Since the drivers of emissions
evolve over time, the responses of emissions taliaaging factors might be time-varying. We

have used a time-varying coefficient cointegratagproach to investigate the g@missions-
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GDP relationship for 12 Western European counoss a long period ranging from 1861 to
2015.

The main finding of the present study is that teime elasticities of C{emissions are found

to be positive in all investigated country casdssToes not obviously imply that active climate
policy may induce a reduction in absolute emissiensls, as the very recent global trends seem
to evidence. Our second main finding is that we fwvidence in favor of relative decoupling —
emissions increasing more slowly than GDP — in 8 afuthe 12 European countries. The
remaining 4 cases the income elasticity of,@@issions are in excess of unity. In nearly half o
cases the analysis confirms a statistically sigaift time-varying pattern for the income
elasticities. In the remaining cases some timetagrycointegration coefficients are not
statistically significant which implies that incoretasticities are positive and time-changing, but
the change is very small, so that the average bhehafithe coefficient seem to be constant over

time. This confirms the usefulness of our time-uagycoefficient cointegration analysis.
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Appendix

A. Determination of the number of the polynomials (p) and trigonometric pairs(q)

As described in the methodology section the nurnbeolynomials ) and trigonometric pairgj) in (9)

should be chosen based on Bayesian Informatiorr@i{BIC). Based on the Ordinary Least Squares

Method (OLS) estimation results the optimal numtifep andqg which minimizes the BIC value should

be chosen as an optimal value. The selected vatee®ported in Table A.1.

Table A.1: Optimal number of polynomials (p) and trigonometric pairs (g) in TVC

specifications

Aus | Den Fr It UK Bel Fin Ger Net Nor Swe Swi
Number of 1 2 2 2 2 2 1 2 2 2 1 1
polynomials p)
Number of 2 2 2 2 2 2 1 2 0 2 2 2
trigonometric
pairs @)
Notes: Aus= Austria, Den= Denmark, Fr= France, télyl Bel=Beldium, Fin=Finland, Ger=Germany,

Net=Netherland, Nor=Norway, Swe=Sweden, Swit=Switrel

1,28
1,26
1,24
1,22

1,2
1,18
1,16

B. Countrieswith insignificant time-varying income elasticities of CO, emissions

1862
1872
1881
1890
1899

1908
1917

Austria

1926
1935
1944
1953
1962
1971
1980
1989

1998
2007
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1,5
1,45
1,4
1,35
1,3
1,25
1,2
1,15

1862
1872

1882

1892
1902
1912
1922
1932
1942
1952
1962
1972
1982

Denmark

1992
2002
2012



Belgium

France

0,87
0,865

0,945

0,94

0,86
0,855

0,935

0,85
0,845

0,93

0,84
0,835

0,925

S10¢C
900¢
L661
8861
661
0s61
1961
[45)
134)
ve6T
S¢eT
9161
L06T
8681
688T
0881
T/48T
98T

c10¢
¢00¢
661
861
cL6T
961
[4°)"
[44)"
[43)
[44)"
[47)"
06T
681
88T
/8T
981

0,92

Norway

Italy

0,95

0,84
0,82

0,94

0,93

0,8
0,78
0,76
0,74
0,72

0,92

0,91

0,9

0,89

0,7

ST0¢C
900¢
L661
8861
6461
0/6T
T96T
¢S6T
EV6T
ve6l
SeeT
9161
L06T
868T
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TL8T
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¢00¢
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86T
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ceo6l
[445)"
(4751
06T
68T
88T
¢L8T
98T

United Kingdom

0,7
0,68
0,66
0,64
0,62

0,6
0,58
0,56
0,54

¢10¢
2¢00¢
66T
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