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Abstract 

Environmental degradation is most often brought to the agenda by arousing the attention of 

scholars, and there has been an increase in the studies on this issue. This paper re-estimates the 

environmental Kuznets curve in France over the period of 1964–2011. To this end, the unit root 

test with one structural break and a cointegration analysis with multiple endogenous structural 

breaks are considered. The impacts of the energy consumption and the economic complexity 

on CO2 emissions are also included in dynamic empirical models. First, it is found that the 

environmental Kuznets curve hypothesis is valid in France in both the short and the long run. 

Second, the positive impact of energy consumption on CO2 emissions is also observed in the 

long run. Third, it is observed that a higher economic complexity suppresses CO2 emissions in 

the long run. The evidence suggests important environmental policy implications to suppress 

CO2 emissions in France. 
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1. Introduction 

Today, one of the issues is that most countries are exposed to environmental degradation, which 

causes many problems; e.g., it negatively affects health (Iwata et al. 2010). Environmental 

degradation is most often brought to the agenda by arousing the attention of scholars, and there 

has been an increase in the studies on this issue. In addition, the world's major institutions are 

voicing the problems caused by global warming, which is mainly related to environmental 

degradation. In this context, the relationship between environmental degradation and economic 

growth is discussed in the available literature (e.g., Ang 2007; Dinda et al. 2000). For this 

purpose, the environmental Kuznets curve (EKC) hypothesis is used in analyzing the 

relationship between economic growth and environmental degradation. According to this 

hypothesis, environmental degradation increases until a country reaches a high (certain) income 

level. After that, while a decline in environmental degradation occurs, environmental quality 

increases (Dinda 2004; Iwata et al. 2010; Kearsly and Riddel 2010). With the increasing 

development of countries, environmental awareness is also expected to increase. When 

economic structural transformation is observed in this process, technological advancement in 

the country is also ensured (Yin et al. 2015). In other words, there is an “inverted-U” 

relationship between environmental degradation and income (Dinda et al. 2000). The inverted-

U path, which is an important indicator of environmental quality, is closely related to the output 

composition of the country (Suri and Chapman 1998).  

Twenty different environmental degradation criteria have been used for analyzing the EKC 

hypothesis (Onafowora and Owoye 2014). However, it can be said that environmental 

degradations are predominantly represented by CO2 emissions. CO2 emissions in the country 

are known to be driven by different parameters, i.e., social, cultural, economic, and 

technological factors (Tarancon and Del Rio 2007). However, rather than social and cultural 

parameters, the relationship between economic and technological parameters and CO2 

emissions are investigated in the literature. A summary of these effects is represented in Figure 

1.  

[Insert Figure 1] 

In the first periods of development, countries carried out extensive activities in the 

agriculture sector, which hardly contributed to environmental degradation (Kearsly and Riddel 

2010). Following this process, countries proceeded to the industrialization stage, which emitted 

high pollution. Following completion of this process, countries focused on knowledge- and 

skill-intensive manufacturing (Song et al. 2008). The last stage showed a process that increased 

the level of environmental quality (Rezek and Rogers 2008). In the process of structural change, 
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new technology that emitted less pollution replaced old technology used in manufacturing (Lau 

et al. 2014). These processes are the scale (composition), the structural, and the technological 

(technique) effects, respectively (Tsurumi and Managi 2010; Yin et al. 2015). 

On the other hand, research and development (R&D) expenditures were used as a proxy for 

technological progress and changes in the economic structure (Yin et al. 2015). It was 

emphasized that as per capita income increased, structural transformation in the economy 

increased R&D expenses, thus the advancement of technological production. As a consequence 

of this, a higher level of environmental quality would be achieved (Dinda et al. 2000). However, 

R&D expenditures were indicative of an entry for the emergence of a product. In this case, since 

not all R&D expenditures encouraged economic growth, it was not a suitable indicator of 

successful transformation (Mohnen and Hall 2013). In other words, R&D expenditures were 

not exactly a convenient parameter to examine the impact of structural change and 

technological advancement on environmental degradation. Some studies emphasized that 

technological production processes (technical effect) were closely related with an increase in 

per capita gross domestic product (GDP) (Dinda et al. 2000; Panayotou 1997). However, a high 

level of income per capita does not express a strong structure in an economy. For instance, oil 

exporter countries (e.g., Kuwait, Qatar, Saudi Arabia, and the United Arab Emirates) are at a 

high level of per capita income, but they cannot be classified in such category. 

Indeed, structural changes in an economy affect countries in many aspects. However, 

technological improvement is the most important among them, and it can be defined as a 

process that reduces production costs or causes the emergence of new products (Stafforte and 

Tamberi 2012). Technological improvement is closely related to “capabilities” of a country 

(e.g., institutional quality, infrastructure quality, rule of law, and property rights) as well as its 

skills and knowledge accumulation, i.e., productivity of skilled labor and technology level 

(Hidalgo 2009; Hidalgo and Hausmann 2009; Hidalgo et al. 2007). In this context, developed 

countries mainly concentrate on the production of goods and services, which require skilled a 

labor force and high-level technology (Maggioni et al. 2014).  

The EKC hypothesis has been heavily tested in developing countries in the literature. In 

other words, there are a small number of studies to test the validity of the EKC hypothesis in 

developed countries.1 For instance, Ang (2007) examined the effects of energy consumption 

                                                 
1 In addition, there are some studies that include the French data in panel data sets for Organization for Economic 
Cooperation and Development (OECD) and the European Union (EU) countries to analyze the EKC hypothesis. 
(see, Al-Mulali and Ozturk 2016; Bilgili et al. 2016; Cho et al. 2014; Jebli et al. 2016; Liu 2005; Richmond and 
Kaufman 2006). 
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and output on CO2 emissions from 1960 to 2000 in France. It was demonstrated that there was 

a long-running relationship among the variables and that the relationship is quadratic in nature. 

In addition, it was observed that there is a statistically significant causality that runs from 

economic growth to both energy consumption and CO2 emissions in the long run. The 

significant causal relationship that runs from energy consumption to economic growth is also 

observed in the short run. Iwata et al. (2010) also tested the validity of the EKC hypothesis in 

France by controlling the effect of nuclear energy consumption. In the study, the EKC 

hypothesis was found to be valid and that nuclear energy consumption reduced CO2 emissions. 

Ajmi et al. (2015) tested the EKC hypothesis for each G7 country, including France, and they 

concluded that the EKC hypothesis was not valid for all countries.2 

Studies mainly use time series techniques to test the validity of a standard EKC hypothesis 

in developed countries, and CO2 emissions is generally used as the dependent variable. 

Independent variables consist of GDP, squared GDP, and energy consumption.3 However, in 

studies on EKC hypothesis analysis in developing countries, scholars used additional 

explanatory variables.4 Our study has some similarities with these papers. However, our paper 

uses a totally different explanatory variable to test the validity of the EKC hypothesis for a 

developed country, France. The explanatory variable in our paper is the economic complexity 

index (ECI), which represents sophisticated, knowledge-based, and skill-based production.  

The ECI was first introduced by Hidalgo and Hausmann (2009). Hidalgo (2011) also 

criticized the aggregated “traditional production approach” to explain the economic growth and 

development process of a country. According to the traditional production approach, there are 

two factors (capital and labor force) affecting economic growth and development. However, 

according to Hidalgo (2011), production not only needs labor and capital but also needs 

“capabilities.” Some of these “capabilities” are nontradable goods and services, consisting of 

specific infrastructure, labor skills, property rights, regulations, etc. (Hidalgo and Hausmann 

2009). ECI is calculated with trade data from the United Nations (UN) Comtrade; thus, the data 

are only based on the export basket (not all goods produced). This index aims to demonstrate 

the production characteristics of the economic system by taking into account the capabilities of 

                                                 
2 For a recent literature review of the EKC hypothesis, see Al-Mulali and Ozturk (2016). 
3 For exceptional approaches, for instance, see Bento and Mountinho (2016) and He and Richard (2010). 
4 For instance, the capital formation (Soytas and Sari 2009; Zhang and Cheng 2009), the education level (Managi 
and Jena 2008), the financial development (Javid and Sharif 2016), the foreign direct investments (FDI) (Tang and 
Tan 2015), the labor force (Soytas and Sari 2009), the population density (Akbostanci et al. 2009; Onafowora and 
Owoye 2014), the trade openness (Ang 2009; Halicioglu 2009; Jayanthakumaran et al. 2012; Kanjilal and Ghosh 
2013; Nasir and Rehman 2011; Onafowora and Owoye 2014), and the urbanization (Managi and Jena 2008; Zhang 
and Cheng 2009) are used as an additional control variable to analyze the validity of the EKC hypothesis in 
developing countries. 
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a country (Hausmann et al. 2011; Minondo and Requena-Silvente 2013). Therefore, the 

economic complexity is an indicator of sophisticated and knowledge-skill based production of 

a country (Hartmann et al. 2015). Economic complexity can be defined as the knowledge- and 

skills-based production structure of a country with an efficient output level. The high value of 

the index is a sign of the highly sophisticated manufacturing capabilities of the country’s 

production structure (Sweet and Maggio 2015). 

At this point, structural changes in the economy should be expected to reduce the CO2 

emissions of a developed country since this process shows a transformation from “energy-

intensive economy” to “technology-intensive economy.” However, if policy-makers do not 

implement environmental regulations in this process, positive improvements with regard to 

environmental quality might not be observed (Tsurimi and Managi 2010). On the other hand, it 

can be suggested that economic complexity has the capability of representing the scale, the 

structure, and the technological effects within a holistic approach in the EKC hypothesis. If a 

country is a poor or a developing country, it should be expected that as economic complexity 

increases, CO2 emissions increase up to a certain stage of development. It is possible to observe 

a decline in CO2 emissions by ensuring structural transformation and increasing knowledge- 

and skill-based-technology-intensive manufacturing. From this point of view, in developed 

countries, economic complexity is expected to reduce CO2 emissions. Nevertheless, this is 

closely related to environmental policy implementation (Dinda 2004; Kanjilal and Ghosh 

2013). 

Furthermore, the ideal example of this case is France since it is one of the countries with the 

highest economic complexity in the world, and it has managed to achieve structural 

transformation. This is reflected in the technological patent applications made by the country. 

For instance, France is one of the leading countries in nanotechnology-based patent applications 

since 1977 (Colombelli et al. 2014). The country is also one of the most important energy 

consumers in the world. France was deeply influenced by the oil shocks in the 1970s. Since 

those years, it has taken several measures to reduce energy dependence. Moreover, France is 

the EU country with the least CO2 emissions (Ang 2007; Iwata et al. 2010). The most important 

underlying cause of that is the carbon tax imposed in the country. Another reason is the 

implementation of the nuclear program for electricity generation since the 1970s (Ang 2007). 

When compared with other types of energy resources (e.g., coal, oil, or natural gas), nuclear 

energy used for electricity generation emits less CO2 (Iwata et al. 2010).  

The main goal of this study is to investigate the relationship between the economic 

complexity, which has the capability of representing the scale, the structure, and the 
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technological effects, and CO2 emissions within the context of the EKC hypothesis. The validity 

of the EKC hypothesis is evaluated in the context of many different variables (e.g., FDI, 

population density, trade openness, and urbanization). However, there is still no study that 

analyzes the EKC hypothesis with regard to economic complexity as a measure of economic 

structure transformation, which has the capability of representing product manufacturing 

involving technological knowledge. To the best of our knowledge, this is the first study that 

investigates the relationship between CO2 emissions, per capita GDP, energy consumption, and 

economic complexity in the literature. In this context, our study aims to fill this gap in the 

literature by focusing on the French case for the period 1964–2011. 

The rest of the paper is organized as follows. Section 2 explains the data, the empirical 

model, and the econometric methodology. Section 3 provides the empirical results. Section 4 

discusses the empirical results and suggests policy implications. Section 5 presents conclusions. 

 

2. Data, Empirical Model, and Econometric Methodology 

 

2.1. Data 

CO2 emissions (metric ton per capita) are used in France over the period 1964–2011 as the 

dependent variable. The real GDP per capita (constant 2005 $) and the squared real GDP per 

capita (constant 2005 $) are considered to capture the linear and nonlinear effects of income, 

respectively. Energy consumption (kilogram of oil equivalent) per capita is also added to the 

empirical model. All these variables are used in logarithmic form, and the frequency of the data 

is annual. The data are obtained from the world development indicators (WDI) of the World 

Bank. 

The data of the economic complexity index (ECI) are obtained from the database of Atlas of 

Economic Complexity by Hausmann et al. (2011). A higher ECI value means a higher economic 

complexity. The ECI is also modeled in logarithmic form. A summary of the descriptive 

statistics is also represented in Appendix I. 

2.2. Empirical Model  

This paper uses a well-known EKC model, i.e., it considers per capita income, squared per 

capita income, and per capita energy consumption as determinants of the CO2 emissions (e.g., 

Ang 2007; Bilgili et al. 2016; Soytas and Sari 2009; Zhang and Cheng 2009). The income effect 

is captured by the level of real GDP per capita and squared real GDP per capita and the energy 

effect is measured by energy consumption per capita. This paper also proposes that the 
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economic complexity can also be a significant determinant of CO2 emissions. Thus, the 

empirical model for the EKC hypothesis is 

 𝐶𝑂2𝑡 = 𝑓(𝑅𝐺𝐷𝑃𝑡𝛼2, 𝑆𝑅𝐺𝐷𝑃𝑡𝛼3, 𝐸𝑁𝐺𝐶𝑡𝛼4, 𝐸𝐶𝐼𝑡𝛼5)                                                               (1) 

 

The model in Eq. (1) can be written in the following logarithmic form: 
 

 𝑙𝑜𝑔𝐶𝑂2𝑡 = 𝛼0 + 𝛼1𝑙𝑜𝑔𝐶𝑂2𝑡−𝑘 + 𝛼2𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡−𝑘 + 𝛼3𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡−𝑘 +𝛼4𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡−𝑘 + 𝛼5𝑙𝑜𝑔𝐸𝐶𝐼𝑡−𝑘 + 𝜀𝑡                                                                                      (2) 

 

In Eq. (2), 𝑙𝑜𝑔𝐶𝑂2𝑡 and 𝑙𝑜𝑔𝐶𝑂2𝑡−𝑘 are the CO2 emissions in logarithmic form at time t and 

t–k; 𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡−𝑘 and 𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡−𝑘 are the level of real GDP per capita and the squared real 

GDP per capita in logarithmic form at time t–k; 𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡−𝑘 is the energy consumption per 

capita in logarithmic form at time t–k; and 𝑙𝑜𝑔𝐸𝐶𝐼𝑡−𝑘 is the economic complexity index in 

logarithmic form at time t–k. The error term is represented by 𝜀𝑡. According to the EKC 

hypothesis, 𝛼2>0 and elastic, 𝛼3<0, and 𝛼4>0. All these are found to be statistically significant 

unless there is no valid CO2 emission function in France. Furthermore, a higher level of energy 

consumption leads to higher CO2 emissions (Ang 2007). This paper also suggests that 𝛼5<0 

since as a country’s export basket becomes more sophisticated (a higher economic complexity), 

a lower CO2 emission is observed in a developed country, i.e., France. At this stage, statistically 

significant (long-run) coefficients need to be obtained. 

2.3. Econometric Methodology 

The unit root test of Lee and Strazicich (2013) that models one structural break in the series is 

implemented. After finding a statistically significant unit root in all variables, cointegration 

analysis is also implemented.  

The cointegration test of Maki (2012) that models the structural breaks in the level and 

regime shifts is considered, and the maximum number of structural breaks is selected as two 

events. Maki (2012) proposes four different models to analyze the cointegrating (long-run) 

relationships among variables. Since the results of the unit root test considers the break in the 

level, Model 0, i.e., structural break(s) in the level (intercept) without the time trend, is 

considered as the benchmark results for the cointegration test methodology of Maki (2012). 

The long-run coefficients of the EKC model in Eq. (2) are estimated by the dynamic ordinary 

least squares (DOLS) by Stock and Watson (1993) with the heteroskedasticity and 
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autocorrelation consistent (HAC) standard errors (Bartlett kernel, Newey–West fixed 

bandwidth = 4.0000). Two structural-break dates (1983 and 1997) are also added to the long-

run estimations. The selection of structural-break dates is based on the results of the 

cointegration test. 

Furthermore, reaching the long-run equilibrium can take time for CO2 emissions in France. 

Therefore, the speed of adjustment between short- and long-run CO2 emissions can also be 

modeled by the following error correction model (ECM):  

 ∆𝑙𝑜𝑔𝐶𝑂2𝑡 = 𝛼0 + ∑ 𝛼1∆𝑙𝑜𝑔𝐶𝑂2𝑡−𝑘𝑛𝑖=1 + ∑ 𝛼2∆𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡−𝑘𝑛𝑖=0 +∑ 𝛼3∆𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡−𝑘𝑛𝑖=0 + ∑ 𝛼4∆𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡−𝑘𝑛𝑖=0 + ∑ 𝛼5∆𝑙𝑜𝑔𝐸𝐶𝐼𝑡−𝑘𝑛𝑖=0 + 𝛼6𝜀𝑡−1+𝜇𝑡       (3) 

 

In Eq. (3), Δ is the change in the variables, 𝜇𝑡 is the error term, and 𝜀𝑡−1 is the lagged error 

correction term (ECT) that can be obtained from the estimation of Eq. (2), and it indicates the 

speed of adjustment of disequilibrium between short- and long-run levels of the CO2 emissions 

in France. It is expected that 𝛼6<0. In addition, the short-run coefficient is estimated for the 

ECM that is represented in Eq. (3). Finally, the Granger causality/block exogeneity Wald tests 

are implemented, and the empirical model for the test procedure can be represented as such: 

 

[  
  ∆𝑙𝑜𝑔𝐶𝑂2𝑡∆𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡∆𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡∆𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡∆𝑙𝑜𝑔𝐸𝐶𝐼𝑡 ]  

  
=[   
 𝜇1𝜇2𝜇3𝜇4𝜇5]  

  
+[  
  𝛾11,1𝛾21,1𝛾31,1𝛾41,1𝛾51,1

𝛾12,1𝛾22,1𝛾32,1𝛾42,1𝛾52,1
𝛾13,1𝛾23,1𝛾33,1𝛾43,1𝛾53,1

𝛾14,1𝛾24,1𝛾34,1𝛾44,1𝛾54,1
𝛾15,1𝛾25,1𝛾35,1𝛾45,1𝛾55,1]  

  
[  
  ∆𝑙𝑜𝑔𝐶𝑂2𝑡−1∆𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡−1∆𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡−1∆𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡−1∆𝑙𝑜𝑔𝐸𝐶𝐼𝑡−1 ]  

  + ⋯+

[  
  𝛾11,𝑖𝛾21,𝑖𝛾31,𝑖𝛾41,𝑖𝛾51,𝑖

𝛾12,𝑖𝛾22,𝑖𝛾32,𝑖𝛾42,𝑖𝛾52,𝑖
𝛾13,𝑖𝛾23,𝑖𝛾33,𝑖𝛾43,𝑖𝛾53,𝑖

𝛾14,𝑖𝛾24,𝑖𝛾34,𝑖𝛾44,𝑖𝛾54,𝑖
𝛾15,𝑖𝛾25,𝑖𝛾35,𝑖𝛾45,𝑖𝛾55,𝑖]  

  
[  
  ∆𝑙𝑜𝑔𝐶𝑂2𝑡−𝑖∆𝑙𝑜𝑔𝑅𝐺𝐷𝑃𝑡−𝑖∆𝑙𝑜𝑔𝑆𝑅𝐺𝐷𝑃𝑡−𝑖∆𝑙𝑜𝑔𝐸𝑁𝐺𝐶𝑡−𝑖∆𝑙𝑜𝑔𝐸𝐶𝐼𝑡−𝑖 ]  

  + [  
  𝛿1𝛿2𝛿3𝛿4𝛿5]  

  𝐸𝐶𝑇𝑡−1 + [  
  𝜀1,𝑡𝜀2,𝑡𝜀3,𝑡𝜀4,𝑡𝜀5,𝑡]  

  
                                          (4) 

In Eq. (4), 𝐸𝐶𝑇𝑡−1 is the lagged ECT that is estimated from the long-run equilibrium 

model; 𝜀1,𝑡, 𝜀2,𝑡, 𝜀3,𝑡, 𝜀4,𝑡, and 𝜀5𝑡 are defined as a finite covariance matrix with the mean zero, 

and they are represented by the independent and identically distributed random errors.  

 

3. Empirical Results 

The results of the unit root test of Lee and Strazicich (2013), which are considered for the 

structural break in the level, are reported in Table 1. 
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[Insert Table 1] 

The results in Table 1 indicate that all variables contain a unit root at the 1% statistical 

significance level, and the first differences of the variables are stationary. Therefore, all 

variables in the empirical model can be an I(1) process. Therefore, the results are suitable for 

implementing the cointegration technique. The results of the cointegration test are also reported 

in Table 2. 

[Insert Table 2] 

The results of three of four models of the cointegration test in Table 2 show that there is a 

statistically significant cointegration at the 1% level among log CO2 Emissions – log GDP Per 

Capita – log Squared GDP Per Capita – log Energy Consumption – log Economic Complexity. 

Thus, the short- and long-run coefficients are obtained.  

The results of the DOLS estimations for obtaining long-run coefficients are reported in Table 

3. As expected, the coefficient of the log real GDP per capita is positive and elastic (12.57); 

where the coefficient of the squared log real GDP per capita is found as negative and elastic (–

1.56). Furthermore, the coefficient of the log energy consumption per capita is also found as 

positive and inelastic (0.92) as expected. In addition, the coefficients for dummy variables of 

the structural break dates are statistically significant at the 5% significance level. 

[Insert Table 3] 

The coefficient of the log economic complexity index (ECI) is also obtained as negative and 

inelastic (–0.47); thus, as the economic complexity increases, CO2 emissions decrease. The 

coefficient of the log ECI is found as statistically significant at the 1% level. Therefore, the 

results show that one standard deviation increases in the ECI yield a 2.5% decrease 

(approximately 5.81 metric tons per capita) in CO2 emissions in France. 

The results of the ECM estimation are also reported in Table 4. The coefficients of the lagged 

log real GDP per capita and the lagged squared log real GDP per capita are found as positive 

and elastic (32.14) and negative and elastic (–3.54), respectively. Their coefficients are also 

found as statistically significant at the 1% level. The negative and inelastic coefficients for the 

lagged log CO2 emissions per capita (–0.41) and the lagged log energy consumption per capita 

(0.03) are also observed. The coefficient of the log ECI is also found as 0.148; however, these 

coefficients are not found as statistically significant in the short run. 

[Insert Table 4] 

The ECT term of the ECM regression is found as −0.149, and it is statistically significant at 

the 5% level. The evidence indicates that the CO2 emissions in France converge to the long-run 

equilibrium by a 14.9% speed of adjustment through the channels of the real GDP per capita, 
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the squared real GDP per capita, the energy consumption per capita, and the economic 

complexity. Finally, the results of the Granger causality/block exogeneity Wald tests are 

reported in Table 5. 

 [Insert Table 5] 

The results show that there is a statistically significant causality (p<0.01) that runs from the 

log real GDP per capita and the squared log real GDP per capita to the log CO2 emissions in 

the short run. These findings are in line with the results of the ECM estimations of the short-

run coefficients. In addition, the overall chi-square test statistics of the causal relationship for 

the log CO2 emissions are also found statistically significant (p<0.05). These results are in line 

with the results of the DOLS estimations of the long-run coefficients. It is observed that the 

results of the Granger causality/block exogeneity Wald tests imply that the empirical findings 

both for the short and long run are statistically robust. In addition, it is found that there is a 

statistically significant (p<0.05) causal relationship that runs from the log real GDP per capita 

and the squared log real GDP per capita to the log energy consumption per capita in the short 

run. However, the overall chi-square test statistics of the causal relationship for the log energy 

consumption per capita is obtained as statistically insignificant. Therefore, it is observed that 

income per capita causes energy consumption, and the causal effect of the income per capita on 

energy consumption is nonlinear in France over the specified period. 

 

4.  Discussion and Policy Implications 

The evidence in the paper indicates that income, energy consumption, and the economic 

complexity are the main determinants of CO2 emissions, and therefore, the EKC hypothesis is 

valid in France in the long run. At this point, income is the most important variable in 

determining CO2 emissions in France since the income effect is statistically significant both in 

the short (p<0.01) and long run (p<0.05). Also, there is an inverted U relationship between 

income and CO2 emissions in France. In other words, the empirical findings imply that as 

income increases, the CO2 emissions also increase until stabilization is reached. CO2 emissions 

are then reduced in the long run. It is also observed that energy consumption is positively 

associated with CO2 emissions in the long run, as expected. The empirical evidence on the 

effects of income and energy consumption on CO2 emissions is in line with previous empirical 

results in France (Ang 2007; Iwata et al. 2010). In addition, it is also found that a higher 

economic complexity, i.e., including more sophisticated goods to the export basket, yields 

lower CO2 emissions in France in the long run. However, the short-run effect of the economic 

complexity is not found as statistically significant. To the best of our knowledge, the first 
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empirical results in the literature on the effect of the economic complexity on CO2 emissions 

are obtained in the paper. The evidence in the paper implies that it is possible to forecast CO2 

emissions from past levels of per capita income, per capita energy consumption, and the 

economic complexity.  

The evidence suggests that there are some environmental policy implications to suppress 

CO2 emissions. First, it is found that a higher per capita income yields a rise in environmental 

pollutants, but it declines after the turning point. Since France is a developed country (it is on 

the high income level), as per capita income increases, CO2 emissions will decrease, 

systematically. However, it is important to note that policy-makers should focus on providing 

environment-friendly investments. Second, given that France is a net energy importer, policy 

implications should be focused on increasing renewable energy consumption. At this stage, 

investments or tax incentives for renewable energy technologies can be an important policy 

tool. Similarly, nuclear energy consumption can decrease CO2 emissions in France. 

Third, the evidence in the paper illustrates that the economic complexity significantly 

reduces CO2 emissions in France. Indeed, according to Hausmann et al. (2011), the ECI is a 

more accurate predictor of GDP per capita growth than traditional measures of governance, 

competitiveness, and human capital. The empirical results in the paper illustrate that the ECI is 

also important for managing environmental pollutants in France. Therefore, when creating a 

more sophisticated export basket, French firms and policy-makers should take advantage of 

lower environmental pollution in the country. On the other hand, producing goods, which 

creates more CO2 emissions, can be imported. In addition, these policy implications need a 

more detailed knowledge of the scale of environmental pollutants in each sector and (maybe 

each firm, if possible) in the French economy. 

 

5. Conclusion 

Climate change is a major problem that the modern world has been never faced, and it is highly 

related to the increasing environmental degradation at the global level. Although several 

environmental indicators are tested for their effects on climate change, CO2 emissions are the 

most frequently used. Within this context, this paper tries to offer a new variable to analyze 

environmental degradation, and it investigates the validity of the EKC hypothesis in France for 

the period 1964–2011 in the context of economic complexity. To this end, the unit root test and 

the cointegration analysis that captures endogenous structural breaks in time series are 

implemented. Using the ECM and the DOLS estimation techniques, the short- and long-run 

coefficients are obtained. Energy consumption is also included in the empirical models. 
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The evidence in the paper is as follows.  First, it is found that the EKC hypothesis is valid in 

France both in the short and long run. Second, the positive and the inelastic impact of energy 

consumption on CO2 emissions is also obtained in the long run. Third, it is observed that a 

higher economic complexity suppresses CO2 emissions in the long run, and this evidence is the 

novel contribution of the paper to the existing empirical literature on the EKC hypothesis. This 

paper suggests that a higher economic complexity is a significant indicator in decreasing CO2 

emissions. 

Future papers on the effects of economic complexity on CO2 emissions can be examined in 

other developed and emerging economies with time series tools. Furthermore, the cases of 

OECD and EU countries can also be analyzed by panel data estimation techniques. 
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Figure 1 
A Summary of the Environmental Kuznets Curve (EKC) Hypothesis 
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Table 1  
Results of the Unit Root Test of Lee and Strazicich (2013) 

Variables LM CV (1%) CV (5%) CV (10%) Lag Variables LM Break Date 

Log Real GDP per Capita –1.925 –4.239 –3.566 –3.211 1 Δ Log Real GDP per Capita –5.034*** 1975 

Log Squared Real GDP per Capita –1.997 –4.239 –3.566 –3.211 1 Δ Log Squared Real GDP per Capita –4.976*** 1975 

Log CO2 Emissions per Capita –2.142 –4.239 –3.566 –3.211 0 Δ Log CO2 Emissions per Capita –8.165*** 1977 

Log Energy Consumption per Capita –2.795 –4.239 –3.566 –3.211 0 Δ Log Energy Consumption per Capita –7.016*** 1972 

Log Economic Complexity –2.282 –4.239 –3.566 –3.211 1 Δ Log Economic Complexity –11.18*** 1976 

Notes: The table shows the results of the unit root test of Lee and Strazicich (2013), and the results include the break on level. Null hypothesis: the series have a unit root. The 
optimal number of lags is selected by the Akaike Information Criteria (AIC). The maximum number of lags is 3. Trimmer rate is defined as 0.10. CV: Critical Values. *** 
indicates the rejection of the null hypothesis at the 1% significance level.  
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Table 2  
Results of the Cointegration Test of Maki (2012):  

CO2 Emissions – GDP per Capita – Squared GDP per Capita – Energy Consumption – Economic Complexity 

Cointegration among Variables Test Statistics CV (1%) CV (5%) CV (10%) Break Dates 

 Model 0 –6.008** –6.303 –5.839 –5.575 1983, 1997 

 Model 1 –5.531 –6.556 –6.055 –5.805 1984, 2004 

 Model 2 –10.02*** –7.756 –7.244 –6.964 1980, 1991 

 Model 3 –8.570*** –8.167 –7.638 –7.381 1978, 1992 

Notes: The table shows the results of four models of the cointegration test of Maki (2012). The null hypothesis: there is no cointegration among the series and the alternative 
hypothesis is cointegration with i breaks. The maximum number of breaks is 3. Trimmer rate is defined as 0.10. CV: Critical Values. Critical values are based on the bootstrapped 
values of Table 1 in Maki (2012). *** and ** indicate the rejection of the null hypothesis at the 1% and the 5% significance level, respectively.  
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Table 3 
Results of the Dynamic Ordinary Least Squares (DOLS) Estimations for the Long Run Coefficients 

Dependent Variable: Log CO2 Emissions per Capita 

Log Real GDP per Capita 12.57 (6.015)** 

Log Squared Real GDP per Capita –1.563 (0.668)** 

Log Energy Consumption per Capita 0.921 (0.304)*** 

Log Economic Complexity –0.470 (0.119)*** 

D1983 –0.052 (0.021)** 

D1997 0.038 (0.017)** 

Constant Term –27.30 (12.77)** 

Observations 45 

Adjusted R2 0.966 

Leads and Lags (1,1) 

Standard Error of Regression 0.013 

Durbin–Watson Statistics 2.156 

Long Run Variance 0.846 

Sum Squared Residuals (SSR) 0.005 

Notes: The selection of break dates is based on the Model 0 of cointegration test of Maki (2012). The Heteroskedasticity and Autocorrelation Consistent (HAC) standard errors 
(Bartlett kernel, Newey-West fixed bandwidth = 4.0000) are in parentheses. *** and ** indicate statistical significance at the 1% and the 5% level, respectively. 
 
 
 

 



19 
 

 
 

Table 4 
Results of the Error Correction Model (ECM) Estimations for Short Run Coefficients  

Dependent Variable: ∆Log CO2 Emissions per Capita 

Error Correction Term (ECT) –0.149 (0.059)** 

∆Lagged Log CO2 Emissions per Capita –0.413 (0.274) 

∆Lagged Log Real GDP per Capita 32.14 (11.55)*** 

∆Lagged Log Squared Real GDP per Capita –3.543 (1.298)*** 

∆Lagged Log Energy Consumption 0.033 (0.331) 

∆Lagged Log Economic Complexity 0.148 (0.086) 

Observations 48 

Adjusted R2 0.098 

Notes: The optimal number of lag length is selected by the Schwarz Information Criteria (SIC). The standard errors are in parentheses. *** and ** indicate the rejection of the 
null hypothesis at the 1% and the 5% significance level, respectively. 
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Table 5 
Results of the Granger Causality / Block Exogeneity Wald Tests 

Dependent  
Variable:  

∆Log  
CO2 Emissions 

∆Log  
GDP per Capita 

∆Log Squared  
GDP per Capita 

∆Log  
Energy Consumption 

∆Log  
Economic Complexity 

Overall  
Chi–square Statistics 

∆Log CO2 Emissions: – 7.736*** [0.0054] 7.445*** [0.0064] 0.010 [0.9189] 2.964 [0.0851] 10.49** [0.0329] 

∆Log GDP per Capita: 0.230 [0.6311] – 0.484 [0.4864] 0.480 [0.4883] 0.737 [0.3904] 2.037 [0.7289] 

∆Log Squared GDP per Capita: 0.230 [0.6310] 0.353 [0.5523] – 0.470 [0.4928] 0.742 [0.3888] 1.862 [0.7610] 

∆Log Energy Consumption: 0.646 [0.4214] 4.648** [0.0311] 4.513** [0.0336] – 1.860 [0.1726] 6.086 [0.1941] 

∆Log Economic Complexity: 0.237 [0.6259] 0.022 [0.8811] 0.008 [0.9250] 0.013 [0.9093] – 3.886 [0.4216] 

Notes: The optimal number of lag length is selected by the Schwarz Information Criteria (SIC). The probability values are in brackets. *** and ** indicate the rejection of the 
null hypothesis at the 1% and the 5% significance level, respectively. 
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Appendix I  
Descriptive Summary Statistics and the Description of Variables in France: 1964–2011 

Variable Unit Data Source Mean Standard Deviation Skewness Kurtosis 

Real per Capita GDP (constant 2005$ price) Logarithmic Form World Bank, WDI 4.400 0.125 –0.597 2.359 

Squared Real per Capita GDP (constant 2005$ price) Logarithmic Form World Bank, WDI 19.37 1.094 –0.554 2.296 

CO2 Emissions (metric tons per capita) Logarithmic Form World Bank, WDI 0.843 0.075 0.459 2.011 

Energy Consumption (kilogram of oil equivalent per capita) Logarithmic Form World Bank, WDI 3.542 0.087 –1.269 3.798 

Economic Complexity (index) Logarithmic Form Hausmann et al. (2011) 0.223 0.053 –0.562 3.415 

 
 

 


