
   

  

Overview and background   

There is general consensus about the need to stop the planet from warming and the pressing need to reduce emissions 

of greenhouse gases. The Paris agreement itself is based on national pledges to make the best efforts to limit the 

increase in global temperature from exceeding 2ºC above pre-industrial levels. No country, either in the developed 

world or in the developing one, is however prepared to obtain a reduction in emissions at the cost of giving up 

economic growth opportunities. The ability of the growth process itself to bring about technological progress, 

efficiency improvements, structural changes in the economy so as to bring emissions down eventually to zero is 

therefore a critical issue. Environmental and energy policies are crucial to that end. 

There is a large literature on the so-called Environmental Kuznets Curve (EKC) hypothesis according to which the 

process of economic growth is in its initial phases responsible for environmental degradation, but later on it may 

create the conditions for environmental improvement. Several papers have empirically addressed this issue and the 

evidence in favor of an Inverted-U shape of the relationship – as far as CO2 emissions are concerned – is mixed. The 

use of conventional polynomial approach might give different specifications depending on the starting degree of the 

chosen functional form. For example, if one limits her/his study with linear or quadratic functional form s/he migt 

end up with one of these specifications, while the appropriate relationship between the emissions-income level is 

indeed the cubic one. Jaforullah and King (2017) discussed these issues, while Liddle and Messini (2015), Apergis 

(2016) and Moosa (2017) employed different methods to avoid this problem. 

Aside from the EKC rhetoric, one could regard the potential ongoing process of decoupling of carbon dioxide 

emissions from economic growth as valuable information for policy intervention. Thus decoupling is key in the 

above respect. 

The present paper provides an empirical investigation of the decoupling issue using very long time series data where 

the relationship between carbon dioxide emissions and its two main drivers – GDP and population – is investigated. 

We analyze twelve Western European countries for which we have data from 1861 to 2015. 

We study decoupling notion by estimating the income elasticity of emissions. If such elasticity is positive but less 

than unity, then emissions increase less rapidly than income, implying relative decoupling. For absolute decoupling, 

however, we have to have that over a range of GDP values, the income elasticity turns negative: as income increases 

emissions will decline. An EKC relationship is one where the income elasticity is initially positive and below one 

and then turns negative.  

Methodology  

The most popular parametrization to quantify the income elasticity of emissions and obtain evidence on the potential 

existence and type of decoupling between a country emissions and its GDP is a log-linear polynomial function of 

income with constant coefficients. In this case the income elasticity of emissions is varying over time, driven by per 

capita GDP.  

Of course the log-linear specification is not the only one possible parametrization of a relationship that will be in 

general non-linear. One important and relevant aspect is the theorem established by Swamy and Mehta (1975) and 

confirmed by Granger (2008) which states that any non-linear functional form can be exactly represented by a model 

that is linear in variables, but that has time-varying coefficients. This is an attractive perspective, as the emissions-

income relationship, and therefore the income elasticity of emissions, needs not depend only on the evolution of 

GDP, but may be in principle affected by several other variables. In addition, Wagner (2008) notes that conventional 

panel cointegration test should not be applied to non-linear functions of unit root processes such as per capita GDP. 

Hong and Wagner (2008) note that the square of per capita income, which is an integrated process, does not have the 
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usual linear unit root and cointegration distribution. In addition, Chang and Martinez-Chombo (2003) and Salisu and 

Ayinde (2016) note that an income elasticity based on time varying parameters may be more appropriate in light of 

the changes an economy may undergo over long periods of time, when structural breaks and parameter instability are 

likely to occur.  

Results and conclusions  

In this paper we first test for unit roots in the relevant series allowing for structural breaks, given that the long period 

under study includes two world wars. Augmented Dickey Fuller (ADF) and Zivot-Andrews unit root test with 

structural break (ZA) (Zivot and Andrews, 1992 show that the logged variables are I(1). Because a time-varying 

parametric approach is convenient for the empirical analysis of decoupling possibilities between emissions and GDP 

we apply the time-varying coefficient cointegration (TVC) method proposed by Park and Hahn (1999) which allows 

for the possibility of a time-varying long-run elasticity that is a smooth function of time. The cointegration 

relationship between the variables tested by Variable Addition Test (VAT, Park, 1990). 

 We find that for ten countries out of twelve there is a TV cointegrating relationship at least at 0.5% significance 

level. For the other two countries we have cointegration only at 0.2% significance level. Additional testing enables 

us to conclude that the income coefficient in five countries is time varying. We show the time evolution of the 

income elasticity of CO2 emissions for each country and we discuss our findings, also in comparison with the 

evidence of the few other published papers as well with estimation results based on usual fixed-coefficient 

econometric methods, such as Dynamic OLS technique employing the conventional cubic polynomial approach. 
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