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Production and Gas Emissions in the G10 Rich Countries:

Are Them Responsible for Environmental Damage?
 
ABSTRACT
Due to the importance of the G10 (Group of Ten) countries, and taking into account the current need for nations adhering to environmental standards, a relevant issue to investigate is if increasing levels of Gross Domestic Production (GDP) are or are not related to increasing levels of environmental damage. This paper aims to analyze this growth-environmental damage relation, focusing on the G10 countries economic and environmental performances in the 1990s and 2000s. Theories on production-cum-environment and the sustainable development concept were presented to support the analysis and guide the empirical study. Cross-country graphical analysis and statistical correlation were the methods used to evidence the relationship between the trajectories of GDP and the figures on the gas emission indicators selected. The source of the dataset was the World Development Indicators from the World Bank (2014). In general, results showed that increasing GDP levels in the G10 countries were negatively related to environmental damage, the latter measured by emissions of four types of gases: CO2, methane, nitrous oxide and other greenhouse gases. Exceptions were USA and Canada: USA production growth was paired with increasing levels of CO2 and nitrous oxide and Canada’s GDP growth was related to increasing levels of CO2 and methane emissions. Other greenhouse gases emissions were positively related to GDG growth in eight out of the ten rich G10 countries, a concern to be taken into account if environmental safety is a priority in these rich countries.
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Introduction

Economic growth has been a subject of great importance since the first contributions of leading economists, such as Adam Smith’s “The Wealth of Nations”, published in England in 1776. Throughout the years many other important authors have developed works focusing on growth and development, but only in the forties and fifties of the 20th century more elaborated papers on these themes appeared, e.g., the contributions of Domar (1946) and Solow (1956 and 1957) on growth and Rosenstein-Rodan (1943) and Nurkse (1952 and 1953) on development. Domar (1946), for instance, emphasized the role of industrial investments in physical capital to prompt production growth, while Solow (1956 and 1957) focused on both the role of technological advances to induce production growth and the way total factor productivity is measured to assure that production growth is obtained via technological progress.
On the development side, Rosenstein-Rodan (1943) emphasized the role of complementarity in industrialization processes, and the relevant contributions by Nurkse (1952 and 1953) pinpointed to the ‘vicious-virtuous’ circles upon which the formation of capital in underdeveloped areas was subjected.
Despite the importance of these seminal contributions on economic growth and development in the forties and fifties, the main works of the modern theories of endogenous growth were published during the 1980s and 1990s, such as Romer (1986) and Lucas (1988) who highlighted the relevance of human capital, education and knowledge to prompt development, and Grossman and Helpman (1990 and 1991) who brought and treated trade as an important source of endogenous production growth.
A huge change on the prospects of traditional and modern economic growth theories has occurred since the late eighties, under the influence of the Brundtland Commission (1987), mapping a new direction to target the environment as a key variable to be considered in any attempt of a country to develop. Accordingly, current theories of economic growth have embodied environmental variables into their specifications in a way to analyze the implications to rapid production growth when the environment is taken into account.

Important recent contributions, e.g., Geldrop and Withagen (2000), Palmada (2003), Islan (2005), Charles (2005), Comolli (2006), Bretschger and Smulders (2006), Auty (2007), and Voinov and Farley (2007), have used analytical frames jointly treating output production and environmental variables under a single theoretical approach. Daly (2008) seminal contribution on ecological economics and sustainable development is a conceptual work elaborated with no relation to growth-development models, but with important implications to sustainable development strategies. Najam, Runnalls, and Halle (2007) offered important propositions for environmental safety under the globalized production processes in course worldwide.
It is obvious that the upgrade of growth theories to include the environment has had important implications to academic and political issues, as well as to development policy design and implementation. Due to this, sustainable development policy supported by the theoretical contributions presented in section 1 will be discussed. Nations have to be aware of not repeating the mistakes of some today’s advanced countries that damaged the environment in their earlier phases of rapid production growth.
Due to the current need for outstanding production performance, an important question is: Are GDP levels related to environmental damage measured by levels of emissions of pollutant gases? We analyze this issue considering the G10 countries in the 1990s and 2000s, considering four types of pollutant emissions: CO2, methane, nitrous oxide and other greenhouse gas.
In section 1 the relevant theories on production-cum-environment and the concept of sustainable development are presented to give support to the analysis. A brief discussion on related development policy issues is conducted to show how important is to bring together economic and environmental variables. We start with two production-cum-environment models and end the section with the concept of sustainable development.

In section 2 graphical analysis and statistical correlation are presented and arguments on their use appropriateness are elaborated. In section 3 the empirical evidence is presented. Statistical correlation analysis is applied to investigate the strength of the relationship between GDP augmentation and the behavior of the environmental indicators of gas emissions. In general, the evidence showed significant and negative relation between increasing GDP levels and environmental damage, exceptions being USA and Canada. USA production growth was paired with increasing levels of CO2 and nitrous oxide and Canada’s GDP growth was related to increasing levels of CO2 and methane emissions. But other greenhouse gas emissions were strong and positively tied to GDP growth in almost all of the G10 rich countries.
1. Theories on Production with Environment and Sustainable Development
This section presents a set of growth-cum-environment models trying to bridge production and environment. A brief discussion on sustainable development policy is conducted based on the insights coming from the theories analyzed. Section 1 ends with the Brundtland Commission (1987) document, a crucial publication that has pioneered the concept of sustainable development.
1.1. Production-Cum-Environment
Two classes of environmentally-based production growth models are presented: production growth using finite and depletable natural resources; and output growth with pollution as waste generation. The first pioneering production-environmental model comes from Anderson (1972), who explored the implications to production growth from explicitly accounting for depletion of a nonreproducible natural resource, such as a fossil fuel reserve. Stiglitz (1974) used a similar construction to model production growth in the presence of exhaustible natural resources. More recently, Amigues, Favard, Gaudet, and Moreaux (1998) and Palmada (2003) formalized optimal allocations of different natural resources, such as air, water and forests, during production phases.

A second class of models was pioneered by Forster (1973 and 1980) who brought an important feature not considered in standard production growth models. He presented an optimal physical capital accumulation model taking into account the possibility of waste generation (pollution). Other recent models of pollution generation under optimal environmentally-based output growth can be cited, as Lyon and Lee (2003); Chakravorty, Moreaux and Tidball (2006); and Chakravorty, Magné, and Moreaux (2006).
In the two classes of pioneering production-cum-environment models mentioned to above the authors follow the standard procedure of considering a one-sector economy, such as in Bretschger and Smulders (2006) analysis of optimal uses of nonrenewable resources, or in Farzin and Akao (2006) and Voinov and Farley (2007) who included renewable natural capital into an output growth model in an one-sector economy.

The most important feature of the pioneer Anderson’s (1972) model is that when the nonreproducible stock of natural resources is considered, the main result shows a tendency to postpone capital accumulation and spend time on production growth paths where capital is used less intensively than in models of unconstrained natural resource uses. Therefore, the basic prediction coming from this growth model accounting for depletable natural resource uses points to a general slowdown trend of production growth. This is so because the constraint poses a limiting restriction on the use of depletable resources, which leads to a reduced rate of physical capital accumulation, driving production downwards. It is optimal to slow down the country's capital accumulation (decreasing production) when depletable natural resources are considered.

Recent contributions have shown this same result in different contexts. Comolli (2006) investigates the relation between natural and physical capital during specific production growth phases, and Farzin and Akao (2006) study optimal exhaustion of a nonrenewable under different production settings.

Following the other pioneering production-cum-environment model, Forster (1973, p. 544) states that “It is naive to think that no wastes are produced and fairly obvious that the free disposal assumption of the neoclassical growth model is not satisfied in the real world”. The most relevant prediction coming from this environmentally-sounded production model points out that when pollution is accounted for, the production process tends to a lower physical capital accumulation than when pollution control is not considered, the same prediction coming from the analysis of the depletable natural resource model by Anderson (1972).
These predictions show us that theoretically, when we consider production-cum-environment models, the growth-environmental damage relation is explicit, a relevant aspect to guide the empirical exercise in section 3, where the economic (GDP) and environmental (gas emissions) performances of the G10 rich countries are analyzed, and to consider sustainable development policy issues.

1.1.1. Production-cum-Environment and Sustainable Development Issues
Having presented the two classes of output growth models accounting for environmental variables, on the one hand, considering exhaustible natural resources, and on the other, pollution as waste generation, we should say that these refinements were important improvements in terms of offering a better theoretical frame to consider economic-environmental policy in practice. Surely, at least in terms of introducing environmental variables, the models discussed above seem to have their relevance for design and implementation of sustainable development policy. Introduction of environmental variables into output growth models, as posed by Auty (2007, p. 627), has been “reinforcing the rationale for the sound management of natural resources and also … providing an index of policy sustainability.”
It is true that depletable resources, pollution generation, production and consumption are all interrelated issues, and to be fully complete such growth models would have to consider all aspects at the same time. Also, to deal with environmental issues in a pertinent way, political and institutional frameworks must play a very important role. These extensions are related to the many facets of the real world complexities linked to sustainability, with important implications to sustainable development policy issues.

A comprehensive set of contributions related to sustainability taking into account its wide range of complexities is as follows. Musson (2013) - sustainability and business attractiveness; Spangenberg (2005) - economic sustainability of the economy; Haake and Jolivet (2001) and Stagl and O'Hara (2001) - adjustments on production, consumption and consumer behavior to attain sustainability; Pfahl (2005) - institutional sustainability to operationalize sustainable development; Hammar (2000) - environmental institutions in environmental policy; Costantini and Monni (2008) - institutional sustainability and output production; Littig and Griessler (2005) - social sustainability to bridge political pragmatism and social theory; Wilkinson and Cary (2002) - sustainability as an evolutionary process; Hinterberger, Luks, Stewen and Straaten (2000) - sustainability as a co-evolutionary perspective to base environmental policy; and Bolay (2004) - international scientific cooperation to attaining sustainable globalization.
All these contributions are very important in their roles to frame sustainable development in a complex reality, mainly when policy making is concerned. We clarify that the real world complexity involving many multifaceted issues related to sustainability is out of the empirical scope of this study. As it will be seen later, we operationalize environmental issues through a simple set of gas emission indicators related to air pollution.


Linking the main predictions of the two classes of environmentally-sounded production models with the environmental pillar of sustainable development, we saw that slowing down the pace of output growth was feasible and desirable, for the stock of nonrenewable natural resources could not be totally depleted and production activity would continue its pace, albeit at a slower rate. As suggested by Holland (2003) and Irwin and Ranganathan (2007), it is also possible to rule the rate of depletion of the nonrenewable natural resource in such a way that the rate of regeneration of renewable natural capital is always higher, and thus augmentation of total natural capital, including the air, could be obtained. This arrangement would at least preserve the constancy of the total stock of natural capital, a pre-requisite to sustainability and an important signal to base sustainable policies in practice. As argued by Rey-Valette, Laloe and Fur (2007), an aside issue concerning policy design and implementation is the use of sustainable development indicators in a pragmatic way.

These issues are of crucial importance to the set of the G10 countries, since sustainability implies a balanced use of renewable and nonrenewable natural resources. Also, pollution generation is a huge problem in many countries. Dealing with such issues is a complicated matter. Based on the predictions coming from the production-cum-environment models, an important question is: how to implement sustainable development policies targeting to slowdown production in order to preserve natural resources or reduce pollution, mainly in countries where speeding up production and employment is a must rule?

1.2. The Concept of Sustainable Development
As stated by Sena (2009, p. 214), “the well known fact that today's economy activities are imposing a heavy burden on the earth's capacity has led to an increasing interest in sustainable development and related issues. It has been emphasized that economic growth depletes the current stock of natural resources and damages the environment and that there are clearly economic limits to rapid growth.”


Despite the classical pro-technology optimistic arguments, which poses that technical progress is what is needed to eliminate all constraints on production growth the approaching exhaustion of many natural resources is a reality. Even mining, an economic activity that is alleged to be free of its finite mineral resources exhaustion, i. e., where the classical pro-technology optimistic arguments are supposed to apply, according to Mudd (2013), is now facing trouble, since evidence on decreasing ore grades, increasing mine waste rock and deeper and larger mines are easy to find.

Current discussions on those issues and attempts to design sound socioeconomic and environmental policy to improve welfare of populations worldwide have had, as a supporting frame, the pioneer definition of sustainable development coming from the Brundtland Commission (1987): “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” Holmberg and Samdbrook (1992) emphasized that the Brundtland Commission gave geopolitical significance to the sustainable development concept.

Many other definitions have followed, all including economical, social, political, institutional and environmental issues to assure that future generations must have not less than we have today. As taking into account the economic, social and environmental pillars, Environment Canada (2006, p. 2) states that “The integration of environmental sustainability with economic competitiveness and productivity and social equity lies at the core of sustainable development ...  It is an approach that seeks to ensure that in meeting our current needs, we do not jeopardize the ability of future generations to meet their needs.”

Daly (2002, p. 1) defines sustainable development as “dependable on the maintenance of physical throughput over generations… Natural capital is to be kept intact. The future will be at least well off as the present in terms of its access to biophysical resources and services supplied by the ecosystem.” Gamage and Boyle (2008) offer a review of the concept of sustainable development, including important aspects of consumerism, materialism, and psychological and business aspects, while analyzing the concept in terms of its theoretical advances.

As it was seen, sustainable development and sustainability are multifaceted and complex matters. Attaining sustainability requires great efforts from different classes of society and agents of the economy. Back to the main focus, and remembering the predictions from the production-cum-environment theoretical models – when constrained by limited natural resources production has to slowdown – we ask: is there a growth-environmental damage positive relation in the G10 rich countries? Are the leader countries in economic (GDP) performance also the leaders in damaging the environment? Empirical evidence in section 3 analyzes the performances of the G10 countries on these matters, from 1990 to 2010, to try answering the questions posed above.
2. Methods: Cross-Country Graphical Analysis and Statistical Correlation


A graphical presentation of the trajectories of GDP levels opens the empirical section 3. We aim to graphically show if these trajectories are paired with the path of the four emission indicators selected to evidence environmental damage. Following this analysis statistical correlation is then introduced as a measurement technique used to check if two variables are related. For example, consider the variables disposable income and individual consumption. It is expected that these two variables increase or decrease together, i. e., they are related in a way that a positive (negative) change in one variable is paired with a positive (negative) change in the other variable. In this case, we say that disposable income and individual consumption are positively correlated. If increasing income-consumption is a consequence of increasing production that to be obtained damages the environment, then increasing production and decreasing stock of fresh and clean environment are said to be negatively correlated. We say production and natural capital, as a measure of the environment, are related variables: when production increases natural capital will tend to decrease and vice versa.


According to Choudhury (2009), correlation analysis is about a relationship between variables and gives us two relevant types of information: i) whether the relationship is positive, null or negative; and ii) if the magnitude of the relationship is weak, moderate or strong. Statistical correlation cannot give us information about cause-effect among variables nor can be applied to variables presenting non-linear trajectories.

If endogeneity (loop causation) between two variables is present, statistical correlation has an advantage as compared to cause-effect methods, such as regression analysis. For instance, increasing figures on foreign direct investments (FDI) may cause increasing levels of gross domestic production (GDP) in a certain country. Also, increasing levels of domestic production in that country may cause increasing FDI inflows, characterizing a sort of loop causation. In such cases, it is convenient to use correlation analysis because it is not possible to isolate dependent and independent variables. Correlation could appropriately be applied just to track the paths of the two variables without taking causalities into account.

Formally, let Y1, Y2, …, Yn and X1, X2, …, Xn be values of two quantifiable variables, with i = 1, 2, …, n a sample of n observations. Three types of correlation between Yi and Xi can be derived from the reduced variables Ui = {Yi – [(∑Yi) ∕ n]} ∕ Sy and Vi = {Xi – [(∑Xi) ∕ n]} ∕ Sx, where Sy and Sx are the sample standard-deviation of Yi and Xi, respectively. If ∑ [Vi.Ui] > 0, correlation between Yi and Xi is positive; if ∑ [Vi.Ui] = 0, correlation between Yi and Xi is null; and if ∑ [Vi.Ui] < 0, correlation between Yi and Xi is negative. There is a forth type of correlation called spurious - even with an eventual strong positive correlation, e. g., between a variable ‘number of street lights’ and variable ‘number of born female babies’, both annually measured,  it makes no sense to study this relationship, so it is called ‘spurious’. Theory, as relating key-variables in an appropriated and expected way, is the best devise to avoid us using spurious correlation.

The correlation coefficient ‘r’ is the operator for calculating correlation between two variables. It is obtained dividing ∑ [Vi.Ui] by (n – 1). This has to be so since ∑ [Vi.Ui] increases as the sample size ‘n’ increases. Plugging the reduced-standardized variables Vi and Ui given above into the correlation coefficient r = ∑ [Vi.Ui] ∕ (n – 1), after some algebraic rearranging we get r = ∑(xi.yi) ∕ (∑xi2.∑yi2)1/2, where xi = (Xi – [(∑Xi) ∕ n]) and yi = (Yi – [(∑Yi) ∕ n]). The values of the correlation coefficient ‘r’ range from -1 to +1, including zero which is the value for null correlation. The -1 value holds for perfect negative correlation and +1 for perfect positive correlation. For a clear treatment of the applicability of the coefficient of correlation, see Bobko (2001).


We can discuss on the ranges for values of ‘r’ that correspond to different degrees of strength of the relationship between two variables. According to Choudhury (2009), there is no agreement among scholars on the choice of the interval limits for ‘r’. We will consider in the empirical section three intervals of the values for r: i) strong strength, with r = [ +0.7 ; +1 ]; ii) moderate strength, with r = [ +0.6 ; +0.69 ]; and iii) weak strength, with r = [ < +0.6 ].
3. G10 Countries Empirical Evidence: GDP Performance and Environmental Damage

The G10 (Group of Ten) eleven industrial countries are: United States, Japan, Germany, United Kingdom, Canada, France, Italy, Sweden, Netherlands, Belgium and Switzerland. They cooperate on economic issues, including the real side (production, investment, budget etc) and the monetary side (inflation, interest rate, exchange rate etc). The eleven G10 rich countries are a subset of the 34 OECD countries. In the empirical section Switzerland is excluded from the G10 due to its relatively minor relevance in the group.


We start the empirical section clarifying some issues. First, the aggregate GDP is treated here as a variable intentionally chosen to depict a country’ production growth performance. It is an ex-anti given indicator that we take without searching for causes to explain successes or failures in production outcomes. Causalities are not treated in this paper since the main purpose is to check the strength of the relationship between GDP paths over time and the trajectories of the selected gas emissions environmental indicators.


Second, four environmental indicators were selected from the World Bank (2014): CO2, methane, nitrous oxide and greenhouse gas emissions. The behavior of these emissions will be analyzed to investigate if there is a positive production-environmental damage relation. This will be done by tracking the trajectories of GDP and measuring their correlations with respect to the four environmental damage indicators selected.

A brief account of the consequences to the environment from the emissions of harmful gases is needed in order to justify the selection of the environmental damage indicators. The consequences of CO2 emissions to the environment are the following: i) sea level rise leading to “densely settled coastal plains to become uninhabitable …, which would result from melting of the ice caps … ii) impacts on agriculture due to global warming that could have major effects on agricultural productivity; iii) reduction of the ozone layer, since warming would result in increase high cloud cover in winter, giving chemical reactions a platform in the atmosphere, which could result in depletion of the ozone layer; iv) increased extreme weather, changing the climate systems of the earth, meaning there would be more droughts and floods, and more frequent and stronger storms … v) ecosystem change causing the range of plants and animals to change, with the net effect of most organisms moving towards the North and South Poles.”

(http://www.carboncalculator.co.uk/effects.php).


Methane emissions contribute to “Earth's greenhouse effects and to warm the atmosphere. Methane is the second most damaging greenhouse gas produced by human activity after carbon dioxide. While methane is a more potent greenhouse gas than CO2, there is over 200 times more CO2 in the atmosphere. Hence the amount of warming methane contributes is 28% of the warming CO2 contributes.” (http://www.skepticalscience.com/print.php?r=84).

“Nitrous oxide molecules stay in the atmosphere for an average of 120 years before being removed by a sink or destroyed through chemical reactions. The impact of 1 pound of N2O on warming the atmosphere is over 300 times that of 1 pound of carbon dioxide.”
(http://epa.gov/climatechange/ghgemissions/gases/n2o.html).

“Changes in the atmospheric concentration of N2O have evoked considerable concern because of its role in regulating stratospheric ozone levels, contributing to the atmospheric greenhouse phenomenon and participating in the acid-rain formation process”.
(http://www.sciencedirect.com/science/article/pii/030626199390018K).

“The consequences of greenhouse gas emissions to the air and the environment are to warm the Earth's surface and the lower atmosphere. The main effect of increases in atmospheric greenhouse gas concentrations is global warming. Increases in the different greenhouse gases have other effects apart from global warming including ocean acidification, smog pollution, ozone depletion as well as changes to plant growth and nutrition levels.”

(http://whatsyourimpact.org/effects-increased-greenhouse-gas-levels).
3.1. G10 Countries: GDP Performance

We aim to analyze the GDP figures for the G10 countries from 1990 to 2013. The data set was taken from The Development Indicators (Economy and Growth), The World Bank (2014). We separated the G10 in two groups: the Top 5 GDP performers (USA, Japan, Germany, UK and France) and the Low 5 GDP performers (Italy, Canada, Netherlands, Sweden and Belgium).

In Graph 1 we see that GDP levels were growing fast in USA for the whole period (from US$ 6 trillion in 1990 to US$ 16.7 trillion in 2013) and at a slower pace in Japan (from US$ 4 trillion in 2002 to US$ 6 trillion in 2012) and Germany (from US$ 2 trillion in 2001 to US$ 3.7 trillion in 2013). UK and France showed GDP figures growing fast, but at lower levels (from around US$ 1 trillion in 1990 to US$ 2.8 trillion in 2013). These five countries were the best GDP performers among the G10 economies. Even during the hard years of the world financial crisis (2008-2009), USA, Germany, UK and France had just a slight downward change in the slopes of their GDP curves.

In general, the trajectories of GDP levels were increasing in all top 5 performers for the whole 1990-2013 period, mainly in the 2000s years when the slopes of the curves showed a sharply upward change. The top five G10 richest countries did so well in speeding up aggregate production during this period of time, even in the recent years (2010-2013) after the 2008 financial crises.

Graph 1: G10 Countries - The Top 5 GDP Performers / 1990-2013
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                Source: The World Bank Development Indicators - Economy & Growth (2013).
                                            Elaborated by the authors.

In Graph 2 we see that GDP levels were also growing fast in the 2000s in all five low GDP performers, with Italy and Canada leading. In the 1990s, production levels remained low and constant in Sweden and Belgium (around US$ 0.25 trillion) and had a weak positive growth in Netherlands (from US$ 0.3 trillion to US$ 0.4 trillion). Taking into account the whole series, Sweden and Belgium presented similar GDP trajectories, with low levels in between US$ 0.2 trillion and US$ 0.5 trillion. The Netherlands was in an intermediate position, with GDP figures jumping from around US$ 0.3 trillion to US$ 0.7 trillion. These five countries were the second best GDP performers among the G10 economies.

Graph 2: G10 Countries - The Low 5 GDP Performers / 1990-2013
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                Source: The World Bank Development Indicators - Economy & Growth (2013).

                                            Elaborated by the authors.


Note that all five felt the negative effects of the financial crisis as seen by the slopes of their GDP curves in the 2008-2009 years. During these hard years Italy and Canada dropped their productions by 10% and 7%, respectively. In general, we can say that the trajectories of GDP levels were increasing in all low five GDP performers for the whole 1990-2013 period, starting a faster pace by the first years of the 2000s when the slopes of the curves showed a sharply upward change. The low five in GDP performance did also so well in speeding up production during this period, even in the recent years (2010-2013) after the 2008 financial crises.

3.1.1. G10 Countries: GDP and Gas Emissions Indicators

We start by descendent ranking the top five GDP performers among the G10 rich countries – USA, Japan, Germany, UK and France (see Graph 1). The objective is to use graphical analysis to visually check if the top performers in GDP levels are also the top performers in gas emissions.

Graph 3 shows exactly the same descendant ranking as for the top GDP performers, except Canada which appeared in 5th place in CO2 emissions. USA, Japan, Germany and UK were leaders in CO2 emissions as they were as GDP performers. USA was by far the champion in aggregate production and in emitting CO2 to atmosphere, with levels in between 4.7 and 6 million of tons in the 1990-2010 period.
Graph 3: G10 Countries: The Top 5 CO2 Emissors / 1990-2010
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                Source: The World Bank Development Indicators - Environment (2013).

                                            Elaborated by the authors.

Japan and Germany performed as mid CO2 emissors; Japan oscillating a little above and Germany slightly below 1 million tons of emissions. Canada and UK showed similar trajectories, both emitting around 0.5 million tons of CO2 to the air over the tow decades.

Summing up, evidence showed that USA, the leader in GDP performance, was also a leader in CO2 emissions, a concern to be taken into account if reducing levels of CO2 emissions is a target in this country.

Graph 4 shows that four top GDP performers, USA, France, UK and Germany were also top in emitting methane gas into the atmosphere. Canada, that not appeared in the list of the top 5 in GDP performance showed up in 2nd place as a methane emissor. USA, Japan, Germany and UK were leaders in CO2 emissions as they were as GDP performers. USA was by far the champion in emitting methane to atmosphere, despite with a decreasing trend over the years. USA levels of methane emissions ranged in between 630 and 520 thousand tons of CO2 equivalents in the 1990-2010 period.
Graph 4: G10 Countries - The Top 5 Methane Emissors / 1990-2010
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                Source: The World Bank Development Indicators - Environment (2013).

                                            Elaborated by the authors.


Canada performed as a mid CO2 emissor, with methane emissions in the order 100 thousand tons of CO2 equivalent followed by France, which performed slightly below 100 thousand tons of CO2 equivalent emissions. Germany and UK showed similar decreasing trajectories, both emitting in between around 100 and 60 thousand tons of CO2 equivalents to the air over the two decades.


Summing up, evidence showed that USA, the leader in GDP performance, was also a leader in levels of methane CO2 emissions. But, over time, the trajectories of methane emissions for USA and the other five G10 rich countries in Graph 4 presented decreasing trends, a sound result hope and presumably leading to reducing levels of methane emissions in the future.


Graph 5 shows that four top GDP performers, USA, Germany, France and UK were also top in emitting nitrous oxide into the atmosphere. Again, Canada that not appeared in the list of the top 5 in GDP performance showed up in 4th place as a nitrous oxide emissor. USA was by far the champion in emitting nitrous oxide into atmosphere, despite with a decreasing trend starting in 2000. USA levels of nitrous oxide emissions ranged in between around 330 and 300 thousand metric tons of CO2 equivalents in the 2000-2010 period.
Graph 5: G10 Countries - The Top 5 Nitrous Oxide Emissors / 1990 -2010
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                    Source: The World Bank Development Indicators - Environment (2013).

                                                Elaborated by the authors.


Germany and France showed similar decreasing trajectories, both emitting around 50 thousand metric tons of CO2 equivalents to the air over the 2000-2010 period. Canada and UK performed similarly, with nitrous oxide emissions slightly below those of Germany and France, in between 50 and 25 thousand metric tons of CO2 equivalents.

Summing up, data in Graph 5 showed that USA, the leader in GDP performance, is also a leader in levels of nitrous oxide emissions. But, over time, for the safe of the environment in the future, the trajectories of nitrous oxide emissions for USA and all other G10 rich countries in Graph 5 presented decreasing trends, again a sound result presumably leading to reducing levels of nitrous oxide emissions in the future.


As in the evidence showed for CO2, methane and nitrous oxide emissions, Graph 6 shows that four top GDP performers, USA, Japan (appearing for the first time among the top 5 air polluter) Germany and France were also top in emitting other greenhouses gases (HFC, PFC and SF6) into the atmosphere. Again, Canada that not appeared in the list of the top 5 in GDP performance showed up in 3rd place as a greenhouse gas emissor. USA was by far the champion in emitting other greenhouse gases into atmosphere, with a sharp increasing trend over the two decades. USA levels of other greenhouse gas emissions increased from around 100 to 350 thousand metric tons of CO2 equivalents in the investigated period.

Graph 6: G10 Countries - The Top 5 Other Greenhouse Gas Emissors / 1990-2010
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                    Source: The World Bank Development Indicators - Environment (2013).

                                                Elaborated by the authors.


Japan is the second in emitting other greenhouse gases, with increasing levels in between 25 and 65 thousand metric tons of CO2 equivalents. Canada, Germany and France showed similar slight increasing trajectories, emitting around 20 thousand metric tons of CO2 equivalents of other greenhouse gases to the air over the 2000-2010 period.


To sum up, data in Graph 6 showed that USA, the leader in GDP performance, was also a leader in levels of other greenhouse gas emissions. Over time, a problematic environmental concern for today and into the future is that the trajectories of HFC, PFC and SF6 gas emissions, mainly in USA and Japan, and in all other G10 rich countries in Graph 6, presented increasing trends over time, a risk to the environment.


Now we move to the analysis of the low five G10 countries in production performance. The descendent ranking of these low five GDP performers among the G10 rich countries is: Italy, Canada, Netherlands, Sweden and Belgium (see Graph 2). Again, the objective is to use graphical analysis to visually check if the low G10 performers in GDP levels are tied to low levels of gas emissions.

Graph 7 shows exactly the same descendant ranking for the low 5 gas emissors, as for the low GDP performers among the G10 countries, except France which belongs to the group of the top 5 GDP performers. Italy, France and Netherlands were leaders in CO2 emissions. Italy and France, by far, outperform the others in emitting CO2 to atmosphere, with levels between 0.35 and 0.47 million tons of CO2 over the 1990-2010 period.

Graph 7: G10 Countries - The Low 5 CO2 Emissors / 1990-2010

[image: image7.png]Qillion of Tons) Ttaly France Netherlands
«+e@ < Belgium = === weden
0,50

045 VS mamaman

< <
" ST e |
0,35

030

0,25

0,20
— —

0,15

0.9.:9::0:..9..9..9..0..0:0
0,05 e e

0,00

0,10

NI DD H PN PN PRI POEID &
O D O N TN S
S i i

&)
NN 5 L






                    Source: The World Bank Development Indicators - Environment (2013).

                                                Elaborated by the authors.


Netherlands and Belgium performed as mid low CO2 emissors; Netherlands oscillating between 0.15 and 0.2 million of tons and Belgium performing a little above 0.1 million tons of CO2. Sweden is the lowest CO2 emissor, with levels around 0.05 million of tons over the two decades.


Thus, evidence for the low 5 gas emissors showed that Italy and Netherlands, leaders in GDP performance among the low five G10 rich countries, were also leaders in CO2 emissions, a concern to be taken into account if reducing levels of CO2 emissions is a target in these countries. We add that all low five GDP performers seen in Graph 7 presented sound decreasing or constant trajectories of CO2 emissions, mainly in the 2000s years.

The evidence in Graph 8 shows that four low GDP performers (Italy, Netherlands, Sweden and Belgium) were also in the group of low five methane emissors. Exception was Japan, a top 5 in GDP performance, which showed up in 1st place as a methane emissor. In this group, Japan and Italy were by far the champions in emitting methane to atmosphere, despite with a decreasing trend over time. Japan levels of methane emissions ranged between 70-40 thousand tons of CO2 equivalents in the 1990-2010 period, a performance mirrored by Italy from 2000 on.
Graph 8: G10 Countries - The Low 5 Methane Emissors / 1990-2010

[image: image8.png](kt of CO2 Equivalent)

80
70
60
50
40
30
20
10

« Japan
« Sweden

=t Ttaly
= =A== Belgium

~——Netherlands

— 3
\
Ermo g e
1990 2000 2005 2008 2010






                    Source: The World Bank Development Indicators - Environment (2013).

                                                Elaborated by the authors.


Netherlands, among the G10 countries belonging to the low 5 in emissions, performed as a mid methane emissor, with levels in the order of 30 thousand tons of CO2 equivalents. Sweden and Belgium presented similar constant trajectories, both emitting around 10 thousand tons of CO2 equivalents to the air over the two decades.


Summing up, evidence showed that the trajectories of methane emissions for all low five GDP and gas emissor performers in Graph 4 presented decreasing trends, again a sound result hope and presumably leading to reducing levels of methane emissions in the future.


Graph 9 shows that the first three low GDP and low nitrous oxide emissions performers (Japan, Italy and Netherlands) were also the same three countries in methane emissions in Graph 8. Again, Japan showed up in 1th place as a nitrous oxide emissor, with a decreasing trend over time, with levels of nitrous oxide emissions ranging from around 35 and 20 thousand metric tons of CO2 equivalents in the 2000-2010 period. Italy came in second place with a decreasing trend for nitrous oxide emissions starting in the 2000s, with levels in the range of 30 and 20 thousand metric tons of CO2 equivalents.

Netherlands, as a mid nitrous oxide emissor, showed a slight decreasing trajectory, emitting between 15 and 10 thousand metric tons of CO2 equivalents to the air over the 2000-2010 period. Belgium and Sweden presented constant performances; Belgium with nitrous oxide emissions above (10 thousand metric tons of CO2 equivalent) those of Sweden (5 thousand metric tons of CO2 equivalents).

Graph 9: G10 Countries - The Low 5 Nitrous Oxide Emissors / 1990-2010
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                    Source: The World Bank Development Indicators - Environment (2013).

                                                Elaborated by the authors.


Summing up, data in Graph 9 also showed that Japan and Italy were leaders in levels of nitrous oxide emissions. But, over time, for the safe of the environment in the future, the trajectories of nitrous oxide emissions for Japan, Italy, Netherlands and Sweden, at different slopes, presented decreasing trends, again a sound result presumably leading to reducing levels of nitrous oxide emissions in the future.

As in the evidence showed for CO2, methane and nitrous oxide emissions, Graph 10 shows that four low GDP performers, Italy, Netherlands, Sweden and Belgium were also part of the low five G10 countries in emitting other greenhouses gases (HFC, PFC and SF6) into the atmosphere. UK, a top 5 in GDP performance, showed up in 2rd place as a greenhouse gas emissor. Italy and UK were by far the champions in emitting other greenhouse gases into atmosphere, with a sharp increasing trend over the two decades. Italy levels of other greenhouse gas emissions increased from 4 to around 16 thousand metric tons of CO2 equivalents, and UK from around 5 to 14 thousand metric tons of CO2 equivalents in the investigated period.

Netherlands was the third in emitting other greenhouse gases, with slight increasing levels between 4 and 5 thousand metric tons of CO2 equivalents from 2005 on. Belgium and Sweden showed similar slight increasing trajectories, emitting between around 0.1-0.5 and 2-2.2 thousand metric tons of CO2 equivalents of other greenhouse gases to the air over the 2000-2010 period.


Data in Graph 10 showed that Italy and UK were leaders in levels of other greenhouse gas emissions. Over time, a problematic environmental concern for today and into the future is that the trajectories of HFC, PFC and SF6 gas emissions, mainly in Italy and UK, and in all other countries in Graph 10, presented increasing trends, a risk to the environment into the future.
G10 Countries: The Low 5 Greenhouse Gas Emissors / 1990-2010
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                                                Elaborated by the authors.


To end this empirical section we calculated a set of coefficients of correlation in order to check if GDP levels over time were related to the series of gas emission indicators selected. We separated the G10 countries into two groups the same way we did in the previous graphical analysis: the top 5 and low 5 in both GDP and gas emission performances. The four gas emission indicators were the same as before: CO2, methane, nitrous oxide and other greenhouse gas.

From Table 1 (top 5 countries in GDP performance) we see that the strength of the relationship between GDP and CO2 emissions was strong and positive [r = 0.78] only in USA, i.e., increasing levels of USA production was related to increasing levels of CO2 emissions in this country over time (‘red light’ for USA). In Japan correlation between GDP levels and CO2 emissions was positive but very weak [r = 0.32] (‘yellow light’ for Japan). In Germany and UK correlations were negative and significant, meaning that GDP increases were related to decreasing levels of CO2 emissions, a sound signal that production growth was happening paired with decreasing levels of CO2 emissions (‘green light’ for Germany and UK). Production in France was just negatively weak related to CO2 emissions [r = - 0.49] (‘yellow light’ for France).
Table 1: G10 Countries (Top 5 in GDP) - Correlations for GDP x Gas Emissions Indicators / 1990-2010
	
	USA
	Japan
	Germany
	UK
	France

	GDP x CO2
	  0.78
	  0.32
	- 0.82
	- 0.70
	- 0.49

	         x Methane
	- 0.03
	- 0.92
	- 0.83
	- 0.88
	- 0.82

	         x Nitrous
	  0.84
	- 0.95
	- 0.82
	- 0.79
	- 0.83

	         x Greenhouse
	- 0.39
	  0.97
	  0.97
	  0.92
	  0.98


           Source: The World Bank (2014). Authors’ calculation.

The evidence for methane emissions was point to ‘green lights’ to almost all top 5 GDP performers [| r | > 0.82], except to USA, with r = - 0.03. Increasing GDP levels were related to decreasing levels of methane emissions in Japan, UK, Germany and France. Correlation figures for nitrous oxide were similar to those for methane emissions: Japan, France, Germany and UK production growth were strong and negatively related to levels of nitrous oxide emissions. USA presented a positive strong strength of relationship between its production growth and the emissions of nitrous oxide [r = 0.84] over the 1990-2010 period, an environmental issue to be taken seriously into account (‘red light’ for USA).


From Table 1, evidence on correlation coefficients involving other greenhouse gas emissions indicator was of a concern: ‘red lights’ to France, Germany, Japan and UK, all with coefficients r > 0.92. Increasing pace of rapid production was very strong and positively relate to increasing levels of HFC, PFC and SF6 (greenhouse) gas emissions.

Now, considering the second group of the G10 rich countries tagged as the low 5 in GDP performance (Italy, Canada, Netherlands, Sweden and Belgium), we see from Table 2 that CO2 emissions were moderate and positively related to Canada and Netherlands’ GDP levels, with correlations of r = 0.63 and r = 0.6, respectively (‘yellow lights’ for Canada and Netherlands). Belgium was the only country that increasing level of production was strongly related to decreasing levels on CO2 emissions (‘green light’ for Belgium).
Table 2: G10 Countries (Low 5 in GDP) - Correlations for GDP x Gas Emissions Indicators / 1990-2010
	
	Italy
	Canada
	Netherlands
	Sweden
	Belgium

	GDP x CO2
	  0.23
	  0.63
	  0.60
	- 0.45
	- 0.70

	         x Methane
	- 0.94
	  0.63
	- 0.86
	- 0.67
	- 0.83

	         x Nitrous
	- 0.98
	- 0.94
	- 0.98
	- 0.90
	- 0.28

	         x Greenhouse
	  0.91
	  0.93
	- 0.58
	  0.84
	  0.94


            Source: The World Bank (2014). Authors’ calculation.

Evidence for methane and nitrous oxide emissions for the low 5 in GDP performance countries were soundly: Italy and Netherlands GDP growth were strong and negatively related to levels of both methane and nitrous oxide (‘green lights’ for Italy and Netherlands). Sweden also presented good figures: moderate negative correlation for GDP x methane emissions [r = - 0.67] and negative strong strength relation on GDP x nitrous oxide emissions [r = - 0.9] (‘green light’ for Sweden). Belgium won ‘green light’ on GDP x methane emissions [r = - 0.83] and a ‘yellow light’ on GDP x nitrous oxide emissions [r = - 0.28]. Canada got a ‘yellow light’ on GDP x methane emissions [r = 0.63] and a ‘green light’ on GDP x nitrous oxide correlation. 

From Table 2, evidence on correlation coefficients involving other greenhouse gas emissions indicator was again of a concern: ‘red lights’ to Belgium, Canada, Italy and Sweden, all with coefficients r > 0.84. Increasing pace of rapid production was very strong and positively relate to increasing levels of HFC, PFC and SF6 (greenhouse) gas emissions in these countries.


To answer the question posed in the title of the paper ‘Are Them (the G10 rich countries) Responsible for Damaging the Environment?’ we could use the empirical evidence to argue that in terms of levels (graphical analysis evidence), countries with high GDP figures were also the countries that presented the highest levels of gas emissions in the two decades investigated, being thus responsible for the huge levels of atmosphere damage. But, in terms of relational tendencies, increasing trajectories for GDP levels over time in several G10 countries analyzed, in general, were significantly related to decreasing levels of CO2, methane and nitrous oxide emissions. The villain was other greenhouse gas emissions – 8 out of the 10 countries in the group of the G10 richest nations presented strong and positive correlation between GDP levels and greenhouse gas emissions over the two decades investigated.
Conclusion


Taking into account the current need for nations adhering to environmental standards, a relevant issue was investigated: are increasing levels of Gross Domestic Production (GDP) tied to increasing levels of environmental damage? This paper aimed to analyze this growth-environmental damage relation, focusing on the G10 countries economic and environmental performances in the 1990s and 2000s.

Graphical analysis and statistical correlation were methods used to evidence that the relationship between the trajectories of GDP and the figures on gas emission indicators selected were, in general, negatively tied. The source of the data set used was the Development Indicators from the World Bank (2014). In general, results showed that increasing GDP levels in the G10 countries were negatively related to environmental damage, the latter measured by emissions of four types of gases: CO2, methane, nitrous oxide, and other greenhouse gases. Exceptions were USA and Canada: USA production growth was paired with increasing levels of CO2 and nitrous oxide and Canada’s GDP growth was related to increasing levels of CO2 and methane emissions. An important result showed up from the correlation analysis: other greenhouse gases emissions were positively related to GDG growth in eight out of the ten rich G10 countries, a concern to be taken into account if environmental safety is a priority.

To answer the question posed in the title of the paper, empirical evidence showed that, in terms of levels, countries with high GDP figures were also the countries that presented the highest levels of gas emissions in the two decades investigated, being thus responsible for the huge levels of Earth’s atmosphere damage.


In terms of relational tendencies, a set of sound evidences pro-environment showed up: increasing trajectories for GDP levels over time in several G10 countries analyzed, in general, were significantly related to decreasing levels of CO2, methane and nitrous oxide emissions. The exception was other greenhouse gas emissions: 8 out of the 10 countries in the group of the G10 richest nations studied presented strong and positive correlation between GDP levels and greenhouse gas emissions over the two decades investigated. We have to keep our eyes opened to fight against such HFC, PFC and SF6 (greenhouse) gases emissions in the G10 rich countries.
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