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Abstract

Social and economic development, as a means of eradicating poverty, has caused various environmental problems and amongst them is climate change. Carbon dioxide (CO2) is the most important greenhouse gas emitted through human activities and it causes global warming. Reverse causality between income per capita and CO2 emissions, trade liberalization and CO2 emissions are seldom addressed in previous works. Thus, the overall objective of this study is to investigate the relationship between CO2 emissions and economic growth, CO2 emissions and trade liberalization while accounting for endogeneity. We found a non-linear effect of per capita income levels on per capita CO2 emissions after controlling for the endogeneity. The effect of trade liberalization on CO2 emissions is mixed and depends on how trade liberalization is measured. We speculate upon this finding.
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1. Introduction
Climate change poses a serious threat to the environment. Carbon dioxide (CO2) is the most important greenhouse gas emitted through human activities and it causes global warming. WHO 2002()
 asserts that global warming that has occurred since the 1970s caused over 140 000 excess deaths annually by the year 2004 and five million disability-adjusted life-years. This global warming could also affect food and water security Ringler et al., 2010()
. 
The publication of the “Limits to Growth” Meadows et al., 1972()
 has spurred the debate between economic growth versus environmental degradation and this debate is still topical. The 2012 United Nations Climate Change Conference in Doha has also made the debate more interesting with the adoption of the concept of “loss and damage”, which is an agreement in principle that richer countries could be financially responsible to other countries for their failure to reduce carbon emissions.

Studying the link between economic growth and environmental degradation has generated the environmental Kuznets curve (EKC) hypothesis though it was first used to study the link between economic growth and inequality. This EKC concept was first introduced by Grossman and Krueger 1995()
. The EKC hypothesizes that at the early stages of economic growth, the CO2 emissions increase, but beyond some levels of income per capita, the trend reverses, so that at high-income levels, economic growth leads to environmental improvement. This implies that the environmental impact indicator is an inverted U-shaped function of income per capita Stern, 2003()
. In other words, as countries experience economic growth, environmental degradation becomes less of an issue. Several studies which had attempted to study the EKC hypothesis, had found mixed results.
By using a data set from 1960 to 1999, Neumayer 2004()
 found a non-linear effect of per capita income levels on per capita CO2 emissions. Bengochea-Morancho 2001()
 used a polynomial quadratic along with cubic specifications in parametric fixed and random effects panel models for the period of 1981 to 1995 in ten selected European Union countries and found an inverted U-shaped EKC on a subset of selected countries. Schmalensee et al. 1998()
 adopted a more spline (piecewise linear) function to assess the eﬀect of income on CO2 emissions and also found a clear evidence of an inverse U-shaped EKC for a sample of 141 countries over the period of 1950-1990. Bhattarai and Hammig 2001()
 found an inverted U-shaped EKC when using deforestation as the dependent variable for some African countries for the period of 1972 to 1999 . Other studies such as Carson et al. 1997()
 also found the same inverted U-shaped EKC for seven types of air emissions across 50 US states. 
However, there are other studies which rejected the inverted U-shaped relationship between CO2 emissions and income. By using a fixed and random effects models on 26 years of CO2 emissions data from 118 to 153 countries, Shafik and Bandyopadhyay 1992()
 found a monotonously increasing relationship between CO2 emissions and income. Moomaw and Unruh 1997()
, Dijkgraff and Vollebergh 2005()
 used data from OECD countries from 1950 to 1992 and from 1960 to 1997 and they  rejected the presence of a quadratic relationship between CO2 emissions and income respectively. 
Nevertheless, most, if not all of the empirical models underlying these studies, though rigorous, do not account for endogeneity in EKC. One main critique for the empirical studies of the EKC is that the relationship between economic growth and CO2 emissions only goes one way, ignoring the fact that there can be simultaneity and feedback effects between the two 
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(He, 2006; Perrings, 1987; Shen, 2006; Stern, 1998)
. The increase of income per capita could increase the CO2 emissions, and the increase of the CO2 emissions could negatively affect crop production, people’s health and productivity, thus reducing income per capita. Another issue that needs further investigation is the reverse causality between the CO2 emissions and trade liberalization or trade openness. CO2 emissions and trade liberalization might be interrelated and interactive. As pointed by Grossman and Krueger 1995()
, Antweiler et al. 2001()
, the effect of trade liberalization on the environment operates via three channels and this could result in a  positive or negative effect of trade openness on the environment. The negative scale effect of trade openness on the environment arises because trade openness tends to increase income per capita, the demand for inputs, which in turn increases emissions. The composition effect could be positive or negative. It depends on the level of the development of countries, the countries’ comparative advantage and it accounts for the changes in environmental quality due to changes in output composition. The positive technique effect is based on the fact that environmental quality is a normal good, as countries get richer due to trade openness, People tend to demand for a clean environment, which is in turn encourages firms to shift to cleaner production techniques.  The overall effect of trade openness is positive. Thus, trade openness could improve environmental quality. In contrast, Managi 2004()
 found that trade openness could be detrimental to the environment. Furthermore, environmental regulation may also affect trade flows across countries. For instance developing countries may adopt loose environmental standards to attract multinational firms. This could encourage the expansion and localization of pollution-intensive firms.
Thus, it seems irrelevant to estimate a single equation model that presupposes a unidirectional type of causality going from economy to environmental quality. Recently, for a study on water pollutants, Lin and Liscow 2013()
 had addressed this issue of reverse causality between the CO2 emissions and income per capita by using age dependency ratio and total debt service as instruments for income per capita and they found an inverted-U relationship between income and environmental degradation for seven out of eleven water pollutants. They also found that political institutions have a significant effect on environmental degradation for five out of eleven water pollutants.
In this current paper, we add more inputs on the current debate on the EKC by addressing the endogeneity in the relationship between income per capita and CO2 emissions, trade liberalization and CO2 emissions in an international panel data study ranging from 1960 to 2012. We also use different measures of trade liberalization to explore the effect of trade openness on CO2 emissions. According to the results, there is a statistical evidence of endogeneity in the relationship between income per capita and CO2 emissions, trade liberalization and CO2 emissions. Furthermore, we find evidence for an inverted-U relationship between income per capita and CO2 emissions after controlling for endogeneity. The results also suggest that the effect of trade liberalization on CO2 emissions is mixed and depends on how it was measured and the model used.
The present paper is organized as follows: Section 2 presents the methods and data used, Section 3 presents and discusses the findings whereas Section 4 concludes the paper with some policy recommendations.
2. Methods and data
We use a panel data model for the period ranging from 1960 to 2012 with up to 190 countries. We apply two models. The first model omits the problem of endogeneity between the income per capita and environmental degradation, trade openness and environmental degradation. The estimated model is:
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(1)
where countries are indicated by i and years by t. The variable E stands for per capita CO2 emissions, Y is the income per capita, Trade is trade liberalization or trade openness. It can be either trade-to-gross domestic product (GDP) ratio and it is the sum of exports and imports of goods and services measured as a share of GDP, or taxes on international trade, export duties or import duties. Energy is the energy consumption, 
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is an individual-specific effect which represents individual country effects, capturing cultural and other time‐invariant factors, 
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is a stochastic error term and it is assumed uncorrelated with the explanatory variables and individual-specific effect. Furthermore, individual-specific effect is correlated with the explanatory variables. Thus, a fixed model could be used. If we further assumed that the individual-specific effect is a random variable and uncorrelated with the explanatory variables, then a random effect model could be used.  We use the logarithm in model (1) to allow the distribution of the variable E less skewed and to interpret the coefficients of the variables of the model in terms of elasticity.
The sign and significance of 
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are of interest; if an inverted-U relationship between income and environmental degradation is to be found in the study, then 
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will be significantly positive and negative respectively,
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 could be either positive or negative. We further carried out a hausman test to select the accurate model.
The second model takes into account the reverse causality in model (1). Ignoring this reverse causality could bias the estimates. The great challenge is to choose instrumental variables, which are exogenous yet highly correlated with the endogenous variables such as the income per capita and trade openness.  

With regards to the income per capita, as suggested by the economic growth literature, distance from equator could be used as an instrument. But, the validity of the distance from equator as an instrument is open to discussion. Due to its time-constancy, the use of this instrument could lead to unidentifcation due to perfect collinearity. Relatedly, it is constant over time and could be hard to estimate precisely. However, based on Lin and Liscow 2013()
, we choose age dependency ratio and total debt service
 as instruments for income per capita. 
For trade openness,  based on previous work from gravity model of bilateral trade openness see for instance Frankel and Rose, 2002()
, population, land area were chosen as valid instruments for trade openness. 
The second model was thus estimated by means of instrumental variables (IV) two-stage least square (2SLS), generalized method of moments (GMM) regressions
. In the current study, we used four measures of trade openness:  trade-to-GDP ratio, taxes on international trade, export duties or import duties. This was done for robustness check of the results.
Table 1 provides the variables used in the study with their respective statistics.
[Insert Table 1 about here]
The list of the countries used in the study (see appendix) and the variables were obtained from the World Bank Development Indicator (WDI)
. 
3. Results and discussion
3.1 Raw data analysis

We first analyze the raw data of the study before undertaking the analysis of the econometric models.   

 It is interesting to note that in Figure 1, there is clear evidence of an inverted U-shaped EKC between CO2 emissions and income per capita. In other words, as the income per capita increases, the CO2 emissions increase at a decreasing rate. Furthermore, with regards to the relationships between CO2 emissions and trade liberalization, Figures 2, 3, 4 and 5 show that the trade liberalization can be either detrimental or beneficial to the environment depending on how trade liberalization is measured. In fact, Figure 2 and 5 show a positive association between the CO2 emissions and trade liberalization, implying that trade liberalization is detrimental to the environment. We further gauge if this positive correlation is significant. The p-values (0.00) of the coefficients of the partial correlation between the CO2 emissions and trade-to-GDP ratio (0.23), CO2 emissions and export duties (0.12) suggest that this positive association is significant at 1% level. On the other hand, Figure 3 and 4 show a negative association between the CO2 emissions and trade liberalization, implying that trade liberalization is beneficial to the environment. The p-values (0.00) of the coefficients of the partial correlation between the CO2 emissions and taxes on international trade (-0.33), CO2 emissions and import duties (-0.10) suggest that this negative association is significant at 1% level. 
However, we explore these associations by means of rigorous econometric models.

 [Insert Figures 1, 2, 3, 4 and 5 about here]
3.2 Benchmark results
We estimated model (1) by focusing on per capita CO2 emissions, trade-to-GDP ratio. Table 2 provides the results. 
First, we estimated model (1) by disregarding the issue of endogeneity. We first used a naïve ordinary least square (OLS) model. Before adjusting the standard errors, we tested for heteroskedasticity using a Breusch-Pagan test. The test rejects (p-value=0.00) the null hypothesis of constant variance at 1% level. Thus, it seems relevant to adjust the standard errors for heteroskedasticity by clustering the standard errors by country. In the OLS model (see the second column of Table 2), the results suggest an evidence for an inverted-U shaped relationship between CO2 and income per capita. The coefficient of trade openness is positive and statistically significant at 10% level, implying that trade openness is detrimental to environmental quality. The OLS results also suggest that the coefficient of energy consumption is positive and statistically significant at 1% level, implying that higher level of energy consumption is related to greater CO2 emissions.
Second, we took into account the panel structure of the data and run a fixed and random effect models. As can be seen in the third and fourth column of Table 2, we have a statistical evidence for an inverted U-shaped EKC between CO2 emissions and income per capita for the fixed and random effect models. The results also suggest that the energy consumption significantly increase the CO2 emissions at 1% level in the fixed and random effect models. There is also an evidence that trade openness is detrimental to environmental quality. A hausman test advocates that the random fixed model seems relevant (p-value= 0.00) as compared to the random effect. Thus, countries have different intercepts but they have the same turning point where CO2 emissions start declining. However, these results could be biased if endogeneity is inherent in the study. In the presence of endogeneity, a fixed effects estimator accounting only for unobserved heterogeneity is inconsistent.
Third, we tackled the issue of endogeneity. We first tested whether endogeneity is a major issue in the study. Hence, we carried out a Durbin-Wu-Hausman test to separately explore the endogeneity between income per capita and CO2 emissions, trade openness and CO2 emissions, and a joint test of the endogeneity between income per capita, trade openness and CO2 emissions. The results provide some evidence that there is endogeneity between income per capita and CO2 emissions (p-value=0.00), trade openness and CO2 emissions (p-value=0.00), and both the endogeneity between income per capita, trade openness and CO2 emissions (p-value=0.00), implying that income per capita and trade openness are endogenous to CO2 emissions. In the same vein, we tested whether the instruments are highly correlated with the endogenous variables by carried out a Kleibergen-Paap rk LM statistic. Under the null hypothesis, the model is underidentified and the instruments are weak. As can be seen at the bottom of Table 2, for the IV-2SLS and IV-GMM , the p-value (0.00) of Kleibergen-Paap rk LM statistic suggests that the null hypothesis is rejected, implying that the structural equation is identified and the instruments are not weak. By using a more general approach of the relevance of the instruments suggested by Anderson-Rubin test of joint significance
 of endogenous regressors, the results (p-value=0.00) confirm that the instrumented variables have a signiﬁcant effect on the regressand also in the presence of weak instruments. This result is consistent with the p-value (0.00) of Stock-Wright LM S statistic. We further used a Hansen-J overidentification test to check whether the instruments are uncorrelated with the error term, and that the excluded instruments are correctly excluded from the estimated equation. As can be seen at the bottom of Table 2, the selected instruments are valid (p-value=0.88) for the IV-2SLS and IV-GMM. 
Fourth, by accounting for endogeneity, the results also provide some interesting statistical evidence of an inverted U-shaped EKC (see the last two columns of Table 2) between CO2 emissions and income per capita. Thus, there exists a level of income per capita after which CO2 emissions are predicted to decrease with further increases in income per capita. The turning points
 are US$ 179,4074.8, US$ 1463,114.6 for the IV-2SLS and IV-GMM respectively. This means that, economic growth could improve environmental quality through economies of scale, pollution abatement. Furthermore, the results also suggest that trade openness, energy consumption have a negative effect on the environment.
[Insert Table 2 about here]
3.3 Sensitivity analysis
We further used taxes on international trade, import duties and export duties as a measure of trade openness to explore the link between CO2 and trade openness.
First, Table 3 provides the results for taxes on international trade. The results suggest that there is a statistical evidence of an inverted-U shaped relationship between CO2 and income per capita irrespective of the models used. A hausman test advocates that the random fixed model is relevant (p-value= 0.00) as compared to the random effect. Furthermore, the Durbin-Wu-Hausman test for endogeneity provide some evidence that there is endogeneity between income per capita and CO2 emissions (p-value=0.00), trade openness and CO2 emissions (p-value=0.00). But, when a joint test is performed for the endogeneity of the two variables and CO2 emissions, there is statistical evidence that the two variables are exogenous (p-value=0.10) to CO2 emissions. The effect of trade openness measured here as taxes on international trade are mixed. For the OLS, trade openness is related with an improvement of the environment whereas it is the reverse for the fixed effect model.

[Insert Table 3 about here]
Second, with regards to the import duties, the results (p-value=0.02) confirm that import duties, income per capita are endogenous to CO2 emissions for the IV-2SLS and IV-GMM. The p-value of Kleibergen-Paap rk LM statistic test (0.00) rejects the null hypothesis of underidentificatifaction. The p-values of Anderson-Rubin test (0.00) and of Stock-Wright LM S statistic (0.00) readily reject the null hypothesis of weak instruments, implying that the endogenous regressors are relevant. However, the p-value of the Hansen-J overidentification (0.01) test suggests that the instruments are correlated with the error term. Furthermore, we find statistical evidence for an inverted U-shaped EKC between CO2 emissions and income per capita. The results also confirm that trade openness is positively related with an improved environment for the OLS and IV-GMM.
[Insert Table 4 about here]
Third, for the export duties, the results (p-value=0.00) suggest that export duties, income per capita are endogenous to CO2 emissions for the IV-2SLS and IV-GMM. The p-value of Kleibergen-Paap rk LM statistic test (0.00) rejects the null hypothesis of underidentificatifaction. The p-values of Anderson-Rubin test (0.00) and of Stock-Wright LM S statistic (0.00) also reject the null hypothesis of weak instrument, implying that the endogenous regressors are relevant. The p-value of the Hansen-J overidentification (0.43) test suggests that the instruments are uncorrelated with the error term, and that the excluded instruments are correctly excluded from the estimated equation. Thus, the instruments are valid. Furthermore, there is a statistical evidence for an inverted U-shaped EKC between CO2 emissions and income per capita. The results also confirm that trade openness is positively related with an improved environment even after controlling for endogeneity.

[Insert Table 5 about here]
4. Conclusions
This paper investigates the relationship between CO2 emissions (a major greenhouse gas) and economic growth, CO2 emissions and trade liberalization while accounting for endogeneity  by using an international panel model on data ranging from 1960 to 2012. The issue of reverse causality between income per capita and CO2 emissions, trade liberalization and CO2 emissions is seldom addressed in previous works. Four measures of trade liberalization were used namely trade-to-GDP ratio, taxes on international trade, import duties and export duties. By using relevant instrumental variables, in general, we found out that there is a statistical evidence of endogeneity in the relationship between income per capita and CO2 emissions, trade liberalization and CO2 emissions. Furthermore, we found evidence for an inverted-U relationship between income per capita and CO2 emissions after controlling for endogeneity. In other words, as countries experience economic growth, environmental deterioration seems to eventually slow down. With regards to the relationship between CO2 emissions and trade liberalization, the results are mixed and this depends on how trade liberalization is measured and the model used. If we rely only on the IV-GMM, trade-to-GDP ratio is statistically associated with the degradation of the environment whereas import duties and export duties are statistically associated with an improvement of the environment. In fact, a 1% increase of trade-to-ratio will contribute to 40% increase of CO2 emissions. However, an increase of 1% of import duties, 1% export duties will contribute to 15%, 15% reduction of CO2 emissions respectively. In order to curb the CO2 emissions, policymakers could encourage green technologies, renewable energies and built a more binding international agreement for all the countries of the planet. 
Thought the results of this study are quite pertinent and could contribute significantly to existing knowledge of the field. However, one possible avenue for future research will be to integrate spatial dependence in the EKC. This could help to better study transboundary pollutions.
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Table 1: Description of variables

	Variables
	Description
	Mean
	SD
	Min
	Max

	CO2
	Per capita CO2 emissions (metric tons) 
	0.24
	1.80
	-7.49
	4.62

	Y
	Gross domestic product per capita
	7.65
	1.60
	4
	11.59

	Trade-to-GDP ratio
	Trade openness (the sum of exports and imports of goods and services measured as a share of gross domestic product)
	4.16
	0.65
	-1.18
	6.13

	Taxes 
	Taxes on international trade collected as a proportion to of total revenue
	1.54
	  2.15
	-9.58
	  4.17

	ImportD
	Import duties as a percent of tax revenue
	1.91
	2.18
	-21.20
	4.45

	ExportD
	Export duties as percent of tax revenue
	-1.33
	  2.86
	-12.26
	3.76

	Energy
	Energy consumption (kg of oil equivalent per capita)


	2217.09
	2565.09
	9.02
	23071.1


 Notes: SD means standard deviation
Table 2: Econometrics results with trade-to-GDP ratio
	Variables
	OLS
	FE
	RE
	IV-2SLS
	IV-GMM

	Y
	3.23***
	2.25***
	2.31***
	7.28***
	7.20***

	
	(0.34)
	(0.08)
	(0.08)
	(1.44)
	(1.39)

	Y2
	-0.17***
	-0.10***
	-0.11***
	-0.51***
	-0.50***

	
	(0.02)
	(0.005)
	(0.005)
	(0.10)
	(0.10)

	Trade-to-GDP ratio
	0.12*
	0.05***
	0.05***
	0.39***
	0.40***

	
	(0.07)
	(0.02)
	(0.02)
	(0.07)
	(0.07)

	Energy
	0.0003***
	0.0001***
	0.0001***
	0.001***
	0.001***

	
	(0.00004)
	(6.46e-06)
	(6.35e-06)
	(0.0001)
	(0.0001)

	P-value of Breusch-Pagan
	0.00***
	
	
	
	

	P-value of the joint endogeneity test
	
	
	
	0.00***
	0.00***

	P-value of  Kleibergen-Paap rk LM statistic
	
	
	
	0.00***
	0.00***

	P-value of Anderson-Rubin Wald test
	
	
	
	0.00***
	0.00***

	P-value of Stock-Wright LM S statistic
	
	
	
	0.00***
	0.00***

	P-value of Hansen J- statistic
	
	
	
	0.88
	0.88


Notes: Standard errors in parentheses.* p < 0.10, ** p < 0.05, *** p < 0.01. Coefficients of constant not shown for convenience. OLS, FE, RE, IV-2SLS, IV-GMM, means ordinary least square, fixed effects, random effects, instrumental variables-two-stage least square, instrumental variables-generalized method of moments respectively. The dependent variable is CO2 emissions. For the IV-2SLS, IV-GMM, per capita GDP, and per capita GDP squared are instrumented with, age dependency ratio, total debt service, age dependency ratio squared, total debt service squared. Trade openness measured here as the trade-to-GDP ratio is instrumented with population and land. For the OLS model, standard errors are clustered by country.
Table 3: Econometrics results with international taxes
	Variables
	OLS
	FE
	RE
	IV-2SLS
	IV-GMM

	
	
	
	
	
	

	Y
	3.56***
	2.06***
	2.26***
	5.60***
	6.18***

	
	(0.35)
	(0.30)
	(0.24)
	(1.24)
	(1.18)

	Y2
	-0.20***
	-0.10***
	-0.11***
	-0.38***
	-0.42***

	
	(0.02)
	(0.02)
	(0.02)
	(0.09)
	(0.09)

	Taxes
	-0.08***
	0.02*
	0.01
	-0.03
	-0.09

	
	(0.02)
	(0.01)
	(0.01)
	(0.06)
	(0.06)

	Energy
	0.0002***
	0.0001***
	0.0001***
	0.001***
	0.001***

	
	(0.00004)
	(0.00001)
	(0.00001)
	(0.0001)
	(0.0001)

	
	
	
	
	
	

	P-value of Breusch-Pagan
	0.00***
	
	
	
	

	P-value of the joint endogeneity test
	
	
	
	0.10
	0.10


Notes: Standard errors in parentheses.* p < 0.10, ** p < 0.05, *** p < 0.01. Coefficients of constant not shown for convenience. OLS, FE, RE, IV-2SLS, IV-GMM, means ordinary least square, fixed effects, random effects, instrumental variables-two-stage least square, instrumental variables-generalized method of moments respectively. The dependent variable is CO2 emissions. For the IV-2SLS, IV-GMM, per capita GDP, and per capita GDP squared are instrumented with, age dependency ratio, total debt service, age dependency ratio squared, total debt service squared. Trade openness measured here as taxes on international trade is instrumented with population and land. For the OLS model, standard errors are clustered by country.
Table 4: Econometrics results with import duties
	Variables
	OLS
	FE
	RE
	IV-2SLS
	IV-GMM

	Y
	3.61***
	2.24***
	2.31***
	4.33***
	4.43***

	
	(0.32)
	(0.25)
	(0.22)
	(1.28)
	(1.21)

	Y2
	-0.20***
	-0.11***
	-0.11***
	-0.28***
	-0.29***

	
	(0.02)
	(0.02)
	(0.01)
	(0.09)
	(0.09)

	ImportD
	-0.06***
	0.01
	0.01
	-0.06
	-0.15**

	
	(0.02)
	(0.01)
	(0.01)
	(0.06)
	(0.06)

	Energy
	0.0002***
	0.0001***
	0.0001***
	0.0004***
	0.0004***

	
	(0.00004)
	(0.00001)
	(0.00001)
	(0.0001)
	(0.0001)

	
	
	
	
	
	

	P-value of Breusch-Pagan
	0.00***
	
	
	
	

	P-value of the joint endogeneity test
	
	
	
	0.02**
	0.02**

	P-value of  Kleibergen-Paap rk LM statistic
	
	
	
	0.00***
	0.00***

	P-value of Anderson-Rubin Wald test
	
	
	
	0.00***
	0.00***

	P-value of Stock-Wright LM S statistic
	
	
	
	0.00***
	0.00***

	P-value of Hansen J- statistic
	
	
	
	0.01**
	0.01**


Notes: Standard errors in parentheses.* p < 0.10, ** p < 0.05, *** p < 0.01. Coefficients of constant not shown for convenience. OLS, FE, RE, IV-2SLS, IV-GMM, means ordinary least square, fixed effects, random effects, instrumental variables-two-stage least square, instrumental variables-generalized method of moments respectively. The dependent variable is CO2 emissions. For the IV-2SLS, IV-GMM, per capita GDP, and per capita GDP squared are instrumented with, age dependency ratio, total debt service, age dependency ratio squared, total debt service squared. Trade openness measured here as export duties is instrumented with population and land. For the OLS model, standard errors are clustered by country.
Table 5: Econometrics results with export duties
	Variables
	OLS
	FE
	RE
	IV-2SLS
	IV-GMM

	Y
	4.87***
	2.71***
	2.56***
	3.38***
	2.91***

	
	(0.64)
	(0.29)
	(0.28)
	(1.01)
	(0.88)

	Y2
	-0.29***
	-0.15***
	-0.13***
	-0.22***
	-0.19***

	
	(0.05)
	(0.02)
	(0.02)
	(0.07)
	(0.07)

	ExportD
	0.02
	-0.01
	-0.01*
	-0.15***
	-0.15***

	
	(0.03)
	(0.01)
	(0.01)
	(0.05)
	(0.05)

	Energy
	0.0003**
	0.0002
	0.0001*
	0.0006***
	0.0006***

	
	(0.0001)
	(0.00002)
	(0.00001)
	(0.0001)
	(0.0001)

	
	
	
	
	
	

	P-value of Breusch-Pagan
	0.00***
	
	
	
	

	P-value of the joint endogeneity test
	
	
	
	0.00***
	0.00***

	P-value of  Kleibergen-Paap rk LM statistic
	
	
	
	0.00***
	0.00***

	P-value of Anderson-Rubin Wald test
	
	
	
	0.00***
	0.00***

	P-value of Stock-Wright LM S statistic
	
	
	
	0.00***
	0.00***

	P-value of Hansen J- statistic
	
	
	
	0.43
	0.43


Notes: Standard errors in parentheses.* p < 0.10, ** p < 0.05, *** p < 0.01. Coefficients of constant not shown for convenience. OLS, FE, RE, IV-2SLS, IV-GMM, means ordinary least square, fixed effects, random effects, instrumental variables-two-stage least square, instrumental variables-generalized method of moments respectively. The dependent variable is CO2 emissions. For the IV-2SLS, IV-GMM, per capita GDP, and per capita GDP squared are instrumented with, age dependency ratio, total debt service, age dependency ratio squared, total debt service squared. Trade openness measured here as export duties with population and land. For the OLS model, standard errors are clustered by country.


Appendix 1: List of countries
Afghanistan, Albania, Algeria, Andorra, Angola, Antigua and Barbuda, Argentina, Armenia, Aruba, Australia, Austria, Azerbaijan, Bahamas, Bahrain, Bangladesh, Barbados, Belarus, Belgium, Belize, Benin, Bermuda, Bhutan, Bolivia, Bosnia and Herzegovina, Botswana, Brazil, Brunei Darussalam, Bulgaria, Burkina Faso, Burundi, Cambodia, Cameroon, Canada, Cape Verde, Central African Republic, Chad, Chile, China, Colombia, Comoros, Congo. Dem. Rep., Congo. Rep., Costa Rica, Cote d'Ivoire, Curacao, Cuba,  Cyprus, Czech Republic, Denmark, Djibouti, Dominica, Dominican Republic, Ecuador, Egypt, Arab Rep., El Salvador, Equatorial Guinea, Eritrea, Estonia, Ethiopia, Faeroe Islands, Fiji, Finland, France, Gabon, Gambia, Georgia, Germany, Ghana, Greece, Greenland, Grenada, Guam, Guatemala, Guinea, Guinea-Bissau, Guyana, Haiti, Honduras, Hong Kong , Hungary, Iceland, India, Indonesia, Iran, Iraq, Ireland, Isle of Man, Israel, Italy, Jamaica, Japan, Jordan, Kazakhstan, Kenya, Kiribati, Korea- Dem. Rep., Korea-Rep., Kosovo, Kuwait, Kyrgyz Republic, Lao, Latvia, Lebanon, Lesotho, Liberia, Libya, Liechtenstein, Lithuania, Luxembourg, Macao SAR, Macedonia, Madagascar, Malawi, Malaysia, Maldives, Mali, Malta, Mauritania, Mauritius, Mexico,  Micronesia, Moldova, Mongolia, Montenegro, Morocco, Mozambique, Myanmar, Namibia, Nepal, Netherlands, New Caledonia, New Zealand, Nicaragua, Niger, Nigeria, Norway, Oman, Pakistan, Palau, Panama, Papua New Guinea, Paraguay, Peru, Philippines, Poland, Portugal, Puerto Rico, Qatar, Romania, Russian Federation, Rwanda, Samoa, San Marino, Sao Tome and Principe, Saudi Arabia, Senegal, Serbia, Seychelles, Sierra Leone, Singapore, Slovak Republic, Slovenia, Somalia, South Africa, South Sudan, Spain, Sri Lanka, Sudan, Suriname, Swaziland, Sweden, Switzerland, Syrian Arab Republic, Tajikistan, Tanzania, Thailand, Timor-Leste, Togo, Tonga, Tunisia, Turkey, Turkmenistan, Tuvalu, Uganda, Ukraine, United Arab Emirates, United Kingdom, United States, Uruguay, Uzbekistan, Vanuatu, Venezuela, Vietnam, Yemen, Zambia, Zimbabwe.
� Age dependence is the number of dependents (aged 0-14 and over the age of 65) to the total population (aged 15-64). This indicator gives insight into the amount of people of non-working age compared to the number of those of working age. A high ratio means those of working age - and the overall economy - face a greater burden in supporting the aging population. Total debt service (% of gross national income) is the sum of principal repayments and interest actually paid in foreign currency, goods, or services on long-term debt, interest paid on short-term debt, and repayments (repurchases and charges) to the International Monetary Fund. These two instruments are highly correlated with income per capita, but they do not have a direct effect on environment. We also choose distance from equator but was dropped due to collinearity.


� The IV approach controls the reverse causality, omitted variables and measurement errors.


� � HYPERLINK "http://databank.worldbank.org/ddp/home.do" �http://databank.worldbank.org/ddp/home.do�





� The null hypothesis tested is that the coefficients of the endogenous regressors in the structural equation are jointly equal to zero. A rejection of the null hypothesis is a signal that we do not have weak instruments problems.


� Since the variables are in logarithm, the turning point is the exponential of � EMBED Equation.DSMT4  ��� with � EMBED Equation.DSMT4  ���,� EMBED Equation.DSMT4  ���the coefficient of linear income per capita and squared income per capita respectively.
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