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Abstract: An important question in the literature on climate change and sustainability is 

the relation between economic growth and greenhouse gas emissions. While the “green 

growth” paradigm dominates in the policy arena, a growing number of scholars in wealthy 

countries are questioning the feasibility of achieving required emissions reductions with 

continued economic growth. This paper explores the relationship between economic 

growth and carbon dioxide emissions over the period 1991–2008 with a balanced data set 

of 29 high-income countries. We present a variety of models, with particular attention to 

the difference between territorial emissions and consumption-based (or carbon footprint) 

emissions, which include the impact of international trade. The effect of economic growth 

is greater for consumption-based emissions than territorial emissions. We also find that 

over this period there is some evidence of decoupling between economic growth and 

territorial emissions, but no evidence of decoupling for consumption-based emissions. 
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1. Introduction 

The United Nations Environment Programme defines a green economy as “one that results in 

improved human well-being and social equity, while significantly reducing environmental risks and 

ecological scarcities” [1] (p. 16). The most serious environmental risk facing the world today is global 

climate change. The most recent assessment of the Intergovernmental Panel on Climate Change 

reported 95%–100% confidence that most of the global warming in the last six decades has been 

caused by humans and that there is evidence of increased frequency and severity of extreme weather 

due to climate change [2]. The principal cause of climate change is emissions of greenhouse gases, 

especially carbon dioxide emissions resulting from the burning of fossil fuels [3]. As a result,  

an increasing number of scientists are calling for radical and rapid emissions cuts, first in the wealthy 

nations of the Global North [4,5]. The UNEP definition begs the question of whether it is possible to 

simultaneously improve human well-being via economic growth and reduce carbon emissions  

(and other ecological impacts). That is the question to which this paper is addressed. The possible 

incompatibility arises because there is strong evidence of a tight relation between GDP and CO2 

emissions. According to a recent cross-national study by Steinberger et al., economic development is 

more strongly linked to emissions than it is to life expectancy, such that some countries are able to 

achieve high life expectancy with low emissions, but none are able to achieve low emissions with a 

high level of economic development [6]. 

The question of whether continued growth is feasible in light of the need for radical emissions 

reductions has become a topic of interest for social scientists in wealthy countries. Given limited 

“ecological space,” [7] as well as an urgent need to reduce emissions rapidly, some scholars are 

arguing that wealthy countries must to aim for either a steady-state or even de-growth [4,8–11]. Their 

reasoning is that it will not be possible to achieve required emissions requirements while 

simultaneously increasing the size of the economy. By contrast, the dominant assumption in the global 

and most national policy discourses is that it is feasible to decouple economic growth from emissions, 

so that emissions targets can be achieved even while economies are expanding.  

This article contributes to this debate as well as to the larger literature on climate change and 

sustainability by empirically assessing the effect of economic growth on carbon dioxide emissions 

using measures of both territorial (i.e., production-based) emissions and consumption-based (i.e., 

trade-adjusted) emissions. We also test whether any decoupling of economic growth from emissions is 

occurring over time.  

2. Literature Review 

On the basis of data at the national-level, numerous studies [12–14] have documented a strong, 

positive relationship between carbon dioxide emissions and economic development, or affluence.  

At the global level, Granados and Carpintero [15], found that when the global economic growth rate 

increases by one percentage point the growth rate of global carbon dioxide emissions rises by  

1.2 percentage points.  

While some scholars have argued for the existence of an environmental Kuznets curve, in which 

environmental impacts increase with economic development up to a certain level of development and 

then decline with further growth [16], most cross-national research finds that carbon emissions rise 
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linearly with development [3]. However, Jorgenson and Clark [13] have found that the relationship 

between economic development (measured as GDP per capita) and total carbon dioxide emissions 

weakened slightly between 1960 and 2005 in developed (i.e., high-income) countries, providing some 

evidence of relative decoupling between the economy and emissions (occurring mainly since 1985). 

Evidence of a small degree of decoupling was also found for carbon intensity (i.e., emissions per GDP), 

but for per capita emissions the linkage to economic development intensified, briefly declined, and 

then remained stable between 1985 and 2005. Jorgenson and Clark also found that in less-developed 

countries the relationship between economic development and per capita emissions intensified over 

this period. Developed countries may have achieved their modest decoupling by transferring some 

carbon-intensive production to less-developed countries. 

The present study aims to further this line of research by assessing the relationship between 

economic growth and emissions at the national-level using data for 29 high-income countries. We are 

particularly interested in the impact of growth on emissions, both to illustrate basic economic/emissions 

relations and also to see whether low or high growth periods are more or less conducive to the 

development of a “greener” economy [17,18]. High growth periods may yield more investment in  

low-carbon energy sources; however, they also yield higher impact as a result of high production. 

Similarly, slow growth periods usually result in reduced investment in new technologies. However, 

they may have an opposite impact and result in state investments in renewable energy as a component 

of macroeconomic stimulus, as well as lower impact due to lower production. For discussions of the 

impact of the 2009 recession and subsequent stimulus spending on the transition to renewable energy 

see Geels [17] and Schor [18]. 

Recent research has demonstrated the importance of distinguishing between territorial and 

consumption-based emissions. In most developed countries, consumption-based greenhouse gas 

emissions are found to be higher than territorial emissions [19]. Among OECD member nations, 

consumption-based carbon emissions were estimated to be about 5% higher than territorial emissions 

in 1995 [20]. Peters and Hertwich [21] found that 21.5% of global CO2 emissions in 2001 were 

embodied in international trade and that developed countries are typically net importers of emissions 

while developing countries are net exporters. Furthermore, Lamb et al. [22] uncovered differences in 

contributions to territorial and consumption-based emissions, with economic development and exports 

exhibiting more strongly significant effects on the latter in a cross-sectional regression analysis.  

Peters et al. [23] also found that in developed countries, consumption-based emissions grew faster than 

territorial emissions between 1990 and 2008, due largely to increasing imports from less-developed 

countries, among which territorial-based emissions have doubled. 

With our brief study, we advance this line of research by using panel data to assess the effect of 

economic growth on emissions, and whether that relationship has intensified or decoupled over time, 

using data for consumption-based emissions as well as territorial emissions. 

3. Methods and Data 

Consistent with previous research, we employ the Prais-Winsten regression model with panel 

corrected standard errors [24] and correction for first-order autocorrelation and include dummy 

variables for each year to allow for period-specific intercepts [13]. This modeling strategy allows for 

disturbances that are heteroskedastic and contemporaneously correlated across panels. Including the 
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dummy variables for each year allows us to control for period effects common to all countries.  

As noted below, for the decoupling analysis in Table 4 a linear measure of year is used instead of 

dummy variables for each year.  

As a robustness check, we also estimate the models using pooled OLS regression with  

Driscoll-Kraay standard errors since it has been demonstrated that this method is more appropriate than 

the above method when the number of cross-sections is larger than the number of time periods [25].  

The Driscoll-Kraay standard errors are heteroskedasticity- and autocorrelation-consistent and robust to 

general forms of cross-sectional and temporal dependence [25]. 

In order to address heterogeneity bias (arising from unmeasured time-invariant differences between 

countries) and non-stationarity, we first-difference each variable (except for the year variables).  

All variables, except year, were converted to natural logarithms before differencing; thus, the 

coefficient estimates can be interpreted as the percentage change in the dependent variable for a 1% 

increase in the independent variable, all else constant.  

We estimate these models with a balanced dataset consisting of 29 high-income (i.e., developed) 

countries with annual data for 1991 to 2008. Consistent with previous research, we include in this 

category countries that were classified by the World Bank as “high income” in 2008 [13]. These 

countries are: Australia, Austria, Belgium, Canada, Cyprus, Czech Republic, Denmark, Finland, 

France, Germany, Greece, Hungary, Italy, Japan, South Korea, Luxembourg, Malta, Netherlands, New 

Zealand, Norway, Portugal, Singapore, Slovakia, Slovenia, Spain, Sweden, Switzerland, United 

Kingdom, and the United States. The overall sample size is N = 522. Descriptive statistics and the 

correlation matrix for all variables are presented in Tables 1 and 2, respectively. 

Table 1. Descriptive statistics. 

Variable Mean Standard Deviation 

Territorial emissions −0.001 0.069 

Consumption-based emissions 0.003 0.081 

GDP per capita 0.021 0.027 

Exports % GDP 0.021 0.071 

Imports %GDP 0.020 0.065 

Urban % Population 0.003 0.004 

Year 9.5 5.19 

N = 522. All variables except year were first-differenced after converting to natural log form. 

Table 2. Correlation matrix. 

Variable 1 2 3 4 5 6 

Territorial emissions       

Consumption-based emissions 0.456      

GDP per capita 0.176 0.310     

Exports % GDP −0.125 −0.131 −0.082    

Imports % GDP −0.078 0.048 0.091 0.736   

Urban % Population 0.071 0.051 −0.005 −0.046 −0.041  

Year −0.040 0.090 0.137 0.020 0.117 0.032 

N = 522. All variables except year were first-differenced after converting to natural log form. 
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3.1. Dependent Variables 

In order to assess the effects of economic growth on emissions, we focus on two dependent 

variables: (1) per capita territorial carbon dioxide emissions and (2) per capita consumption-based 

carbon dioxide emissions. 

The territorial measure only captures emissions that occur within a country, thereby including 

emissions embodied in exports, and excluding emissions embodied in imports. An alternative strategy 

for the accounting of emissions is a consumption-based measure, which includes emissions from 

domestic activities and emissions embodied in imports and subtracts emissions embodied in exports. 

The latter measure is increasingly important in a global economy, in which production and 

consumption activities are spatially separated. 

The territorial emissions data include emissions from the combustion of fossil fuels, cement 

production, and gas flaring, but exclude emissions from land use change. These data were calculated 

by Boden, Marland, and Andres [26] and were gathered from the dataset prepared and provided by 

Peters et al. [23]. The consumption-based emissions data were made available by Peters et al. [23], 

who calculated them by adjusting the territorial emissions data to account for emissions transfers via 

international trade. These data are available for 1990–2008, but the first year of data is lost when  

first-differencing. We calculated per capita values using population data from the World Bank [27].  

3.2. Independent Variables 

The main independent variable in our analysis is per capita gross domestic product (GDP) measured 

in 2005 US$. These data are from the World Bank [26]. In line with previous research [13], we also 

include controls for international trade (imports and exports as a percentage of GDP) and the 

percentage of population living in urban areas. Data for these variables are from the World Bank [27]. 

In the decoupling analysis, year (1 = 1991…18 = 2008) and the interaction between GDP per capita 

and year are also included in the models. 

4. Analysis and Results 

Table 2 demonstrates that there is a positive correlation between economic growth and both 

measures of emissions. Both correlations are statistically significant (p < 0.001, two-tailed test). 

However, the correlation is much higher for consumption-based emissions (0.310) than for territorial 

emissions (0.176).  

Table 3 presents results for the Prais-Winsten (PCSE) and Driscoll-Kraay (DK) models estimating 

the effect of economic growth on carbon emissions. While the magnitude of the coefficients estimated 

by these two methods vary somewhat, the results are consistent with regards to direction and 

significance. Models 1 and 2 were estimated without control variables. We find that in all cases, there 

is a large and significant positive effect of economic growth on carbon dioxide emissions. In Model 1, 

the coefficient for economic growth is positive and significant (p < 0.01) for both the Prais-Winsten  

(b = 0.667) and Driscoll-Kraay estimations (b = 0.648). In Model 2, the dependent variable is 

consumption-based emissions and compared to Model 1 the coefficient for economic growth is much 

larger in magnitude in both the Prais-Winsten (b = 0.997) and Driscoll-Kraay estimations (b = 1.067). 
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Furthermore, we observe that R
2 is consistently and substantially higher when predicting 

consumption-based emissions, which suggests that economic growth explains greater variation in 

consumption-based emission than in territorial emissions. These findings are in line with our expectations 

for high-income countries, which have outsourced carbon-intensive production to less-developed 

countries, and are re-importing the CO2 via imports. 

Table 3. Unstandardized coefficients for the regression of per capita territorial and 

consumption-based carbon dioxide emissions: first-difference model estimates. 

 Model 1 Model 2 Model 3 Model 4 

Emission 

Measure 
Territorial Consumption Territorial Consumption 

Method PCSE DK PCSE DK PCSE DK PCSE DK 

GDP p.c. 

 

0.667 ** 

(0.128) 

0.648 ** 

(0.106) 

0.997 ** 

(0.176) 

1.067 ** 

(0.291) 

0.643 ** 

(0.131) 

0.608 ** 

(0.098) 

0.879 ** 

(0.175) 

0.924 ** 

(0.239) 

Exports 

% GDP 
    

−0.026 

(0.062) 

−0.053 

(0.057) 

−0.258 ** 

(0.063) 

−0.286 ** 

(0.070) 

Imports 

% GDP 
    

−0.022 

(0.074) 

−0.010 

(0.051) 

0.220 ** 

(0.080) 

0.266 ** 

(0.078) 

Urban % 

 
    

1.258 * 

(0.515) 

1.199 * 

(0.463) 

0.993 
†
 

(0.531) 

0.897 * 

(0.468) 

Intercept 0.014 0.014 0.012 0.013 0.011 0.011 0.013 0.015 

R
2
 0.1282 0.1044 0.1895 0.1678 0.1372 0.1116 0.2194 0.1970 

† p < 0.10 * p < 0.05 ** p < 0.01 (two-tailed tests). N = 522. All models include year-dummy-variables to 

control for period effects. All variables except the year-dummy-variables were first-differenced after 

converting to natural log form. PCSE refers to Prais-Winsten regression with panel-corrected standard errors. 

DK refers to pooled OLS regression with Driscoll-Kraay standard errors. 

In Models 3 and 4, which include the control variables, the difference in coefficients is somewhat 

lower. For the Prais-Winsten estimates, the coefficient is 0.643 (p < 0.01) when predicting territorial 

emissions and 0.879 (p < 0.01) when predicting consumption-based emissions. For the Driscoll-Kraay 

estimates, the coefficient is 0.608 (p < 0.01) when predicting territorial emissions and 0.924 (p < 0.01) 

when predicting consumption-based emissions. Urban (% population) is positive and significant in all 

models in which it was included. As expected, when predicting consumption-based emissions, but not 

territorial, exports (% GDP) is significant and negative and imports (% GDP) is significant and positive.  

Using the statistical significance test proposed by Pasternoster et al. [28], the coefficient for 

economic growth was found to be significantly greater in Model 2 relative to Model 1 (for both 

estimation techniques), but only at the 0.10 level (upper-tailed test). The differences in the coefficients 

for economic growth observed between Models 3 and 4 were not found to be statistically significant, 

likely because these models control for imports and exports. 

Overall, the results in Table 3 confirm that economic growth is indeed strongly linked to rising 

carbon emissions. Furthermore, these results provide some evidence that the relationship is stronger for 

consumption-based emissions than for territorial emissions.  

To determine whether the relationship between economic growth and emissions has decoupled 

between 1991 and 2008, we estimate models with an interaction effect between economic growth and 
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year, the results of which are presented in Table 4. We follow Brady et al. [29] in estimating an 

interaction effect between the key independent variable (GDP per capita) and year, which allows for 

the coefficient to vary over time. A negative and statistically significant coefficient for the interaction 

term is interpreted as evidence of decoupling over time (i.e., a diminishing effect of economic growth), 

while a significant positive interaction effect is interpreted as evidence of intensification (i.e., an 

increasing effect of economic growth). A non-significant coefficient would indicate a temporally  

stable relationship. 

Models 1 and 2 (in Table 4) estimate the interaction effect on territorial and consumption-based 

emission growth rates, respectively, without the control variables. The interaction effect is significant 

and negative only in Model 1 (for both Prais-Winsten and Driscoll-Kraay estimates), supporting the 

interpretation of the outsourcing of emissions to lower-income trading partners. Models 3 and 4 

include the control variables. In Model 4 (predicting consumption-based emissions), the interaction 

term remains non-significant (for both estimation techniques). In Model 3 (predicting territorial 

emissions), the interaction is negative and significant (p < 0.01) for the Driscoll-Kraay estimates and 

negative and nearly significant (p = 0.106) for the Prais-Winsten estimates. The results in Table 4 

provide evidence for the hypothesis that decoupling between economic growth and carbon dioxide 

emissions has occurred between 1991 and 2008, but only for territorial emissions.  

Table 4. Decoupling analysis: unstandardized coefficients for the regression of per capita 

territorial and consumption-based carbon dioxide emissions. 

 Model 1 Model 2 Model 3 Model 4 

Emission 

Measure 
Territorial Consumption Territorial Consumption 

Method PCSE DK PCSE DK PCSE DK PCSE DK 

GDP p.c. 
0.811 ** 

(0.185) 

0.756 ** 

(0.054) 

0.936 ** 

(0.272) 

0.944 * 

(0.374) 

0.730 ** 

(0.189) 

0.665 ** 

(0.079) 

0.735 ** 

(0.282) 

0.730 
† 

(0.365) 

Year 
−0.0001 

(0.001) 

−0.0002 

(0.001) 

0.001 

(0.001) 

0.001 

(0.001) 

−0.0002 

(0.001) 

−0.0003 

(0.001) 

0.001 

(0.001) 

0.0003 

(0.001) 

GDP p.c. 

* Year  

−0.046 * 

(0.021) 

−0.042 ** 

(0.011) 

−0.011 

(0.029) 

−0.003 

(0.037) 

−0.034 

(0.021) 

−0.031 ** 

(0.010) 

0.005 

(0.029) 

0.011 

(0.035) 

Exports 

% GDP 
    

−0.052 

(0.062) 

−0.083 

(0.060) 

−0.284 ** 

(0.065) 

−0.310 ** 

(0.073) 

Imports 

% GDP 
    

−0.037 

(0.071) 

−0.015 

(0.047) 

0.217 ** 

(0.079) 

0.273 ** 

(0.084) 

Urban %     
1.083 * 

(0.544) 

1.046 
† 

(0.602) 

1.167 * 

(0.544) 

1.146 
†
 

(0.579) 

Intercept −0.007 −0.006 −0.024 −0.023 −0.008 −0.006 −0.020 −0.019 

R
2
 0.0607 0.0439 0.1121 0.0985 0.0745 0.0562 0.1479 0.1334 

†
 p < 0.10 * p < 0.05 ** p < 0.01 (two-tailed tests). N = 522. All variables except year were first-differenced 

after converting to natural log form. PCSE refers to Prais-Winsten regression with panel-corrected standard 

errors. DK refers to pooled OLS regression with Driscoll-Kraay standard errors. 

Overall, our results yield three conclusions. First, economic growth has a consistent, positive and 

significant relationship with both territorial and consumption-based carbon dioxide emissions. Second, 
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we find some evidence that economic growth has a stronger effect on consumption-based emissions 

than territorial emissions. Third, our results suggest that economic growth has to some degree 

decoupled from territorial emissions, but not from consumption-based emissions. 

5. Discussion and Conclusion 

The need for timely radical reductions in greenhouse gas emissions is increasingly recognized by 

scientists and policymakers. However, the dominant approach has been to remain squarely within the 

realm of “business-as-usual” economics, namely solutions that rely on technological shifts on the 

supply side, and voluntary behavior change on the household side. The hope is that economies can 

follow a path of “green growth,” in which countries simultaneously achieve significant reductions in 

greenhouse gas emissions and increases in GDP. If past performance is relevant for future outcomes, 

our results, along with numerous other studies of the economy/emissions relationship, cast doubt on 

this approach [3,14,15,30]. While we find some reduction in the linkage between economic growth and 

territorial emissions, once we account for high-income countries’ offshoring of emissions, there is no 

evidence of decoupling. Any given increase in GDP elicits no less increase in CO2 than in the past. 

Optimistic projections of decoupling are not borne out in the history of the two decades between 1991 

and 2008. Furthermore, we find that higher growth rates yield higher emissions.  

The continuing policy emphasis on raising the rate of economic growth that characterizes many 

governments should be re-thought in light of its demonstrated incompatibility with required radical 

emissions reductions. Technological and voluntary solutions alone will not be sufficient; High-income 

countries also need to address aggregate demand in order to achieve the kinds of radical emissions cuts 

that are required to avoid catastrophic climate change [4,5].  

Given this context, it has become more important for developed countries to maintain and improve 

social well-being (e.g., health, employment, etc.) without continual increases in the scale of the 

economy, by, for example, reducing work hours [31]. The importance of this line of thought is 

highlighted by Jorgenson’s [32] recent study demonstrating that in the combined region of North 

America, Europe, and Oceania (comprising mostly developed countries), economic development is 

associated with a rising carbon intensity of well-being, meaning that at higher levels of development it 

takes greater emissions to increase human well-being, measured as life expectancy.  

Our findings also suggest that both policymakers and researchers should pay more attention to different 

measures of carbon emissions. To date, the global policy regime has focused mainly on territorial 

emissions. However, the ability to offshore carbon emissions presents a potential loophole through which 

high-income countries can avoid full responsibility for their emissions. It is important for the global 

community to develop verifiable measures of consumption-based emissions and to consider them in future 

discussions [33]. To that end, research must concentrate more on consumption-based emissions, their 

relation to territorial emissions, and the dynamics that drive both measures. We offer this paper as a step 

in that direction. 
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