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OVERVIEW
There is often the presumption that economic growth and trade liberalization are good for the environment. However, the risk is that policy reforms designed to promote growth and trade liberalization may be encouraged with little consideration of the environmental consequences (Arrow et al., 1995). All economic activity occurs in the natural, physical world. It requires resources such as energy, materials and land. Also, economic activity invariably generates material residuals, which enter the environment as waste or polluting emissions. The Earth, being a finite planet, has a limited capability to supply resources and to absorb pollution. Hence, There is growing recognition that gross domestic product (GDP) produced at the expense of the global environment, and at the expense of scarce and finite physical resources, overstates the net contribution of that economic growth to a country’s prosperity. Using mainly four environmental indicators of air pollution (greenhouse gas, carbon dioxide, nitrogen oxide and Sulphur oxide), this paper provides an empirical analysis of the verification of the EKC within the Canadian context, and the causal relationship between economic growth and trade and environmental degradation from the Canadian perspective. The study reveals that the traditional EKC does not hold for Canada, for these indicators of environmental degradation. It also, shows that a long run relationship and a bidirectional Granger-causality exist between economic growth and trade, and these indicators

Methods
The reduced-form specification that is commonly employed in the empirical literature to examine the relationship between environmental degradation and per capita income in the context of the EKC is given as:  [image: image2.png]ot o ¥V, bog, Vit Vit Z, + 5,
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 represents environmental degradation, i.e. the specific pollutant that is used for the estimation, [image: image6.png]


 is income per capita, and [image: image8.png]


  are other covariates, for example population density, population growth, or income inequality. Trade has occasionally been included as an additional covariate in the EKC model.
 The basic EKC models start from a simple reduced-form quadratic function, whereas most recent studies include the cubic level. The inverted-U shaped curve derived from such a formula requires to be positive [image: image10.png]
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 negative, and both statistically significant. However, empirical results could display several other variants different from the EKC; if [image: image14.png]


  is negative and statistically significant but [image: image16.png]
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 are statistically insignificant, then we get pattern downward sloping straight line. These are indicators that show an unambiguous improvement with rising per capita income, such as access to clean water and adequate sanitation. If [image: image20.png]


 is positive and statistically significant, but [image: image22.png]
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  are statistically insignificant, then we get pattern an upward sloping straight line. These are indicators that show an unambiguous deterioration as incomes increase. If [image: image26.png]
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 are statistically significant, but [image: image30.png]
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 is statistically insignificant, then a U shaped curve results. There is also the possibility of a second turning point in which case, [image: image34.png]


 is statistically significant, and multiple turning points could also result, which may not fit the model. The model could also be estimated in its logarithmic form; this imposes a non-negativity constraint on the values of the variables. As noted by Stern (2003), economic activity inevitably implies the use of resources and by the laws of thermodynamics, use of resources inevitably implies the production of waste. Regressions that allow levels of indicators to become zero or negative are inappropriate except in the case of deforestation where afforestation can occur.  This paper estimates the model in a time series form and makes use of both the quadratic and the cubic specifications; both are estimated in both the level and logarithmic forms.

The paper estimates the co-integration relationship between economic growth, trade and the environmental degradation indicators using the Autoregressive Distributed Lagged (ARDL) model. In Pesaran et al (2001), the co-integration approach, also known as the bounds testing method, is used to test the existence of a co-integrated relationship among variables. The procedure involves investigating the existence of a long-run relationship in the form of an unrestricted error correction model for each variable as follows:
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The F-tests are used to test the existence of long-run relationships. The F-test used for this procedure, however, has a nonstandard distribution. Thus, the Pesaran et al (2001) approach computes two sets of critical values for a given significance level. One set assumes that all variables are I (0) and the other set assumes they are all I (1). If the computed F-statistic exceeds the upper critical bounds value, then the null hypothesis (no co-integration) is rejected. If the F-statistic falls within the bounds set, then the test becomes inconclusive. If the F-statistic falls below the lower critical bound value, it implies no co-integration. When a long-run relationship exists, the F-test indicates which variable should be normalized. The causal relationship between the variables is determined using Vector Error Correction (VEC) model. Following Granger (1988), and Engle and Granger (1987), the VEC representation is as follow:
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 is the environmental degradation indicator,  [image: image148.png]


 is trade, p is lag length and is decided according to information criterion and final prediction error. The parameters [image: image150.png]Vie—p



are the co-integrating vectors, derived from the long-run co-integrating relationships regression, and their coefficients [image: image152.png]


are the adjustment coefficients. The parameters μi, (i=1, 2, 3, 4, 5) are intercepts and the symbol Δ denotes the difference of the variable following it. Using the model in Equations (5–7), Granger causality tests between the variables can be investigated through the following three channels: (i).The statistical significance of the lagged error-correction terms (ECTs) by applying separate t-tests on the adjustment coefficients. This shows the existence of a long-run relationship (ii). A joint F-test or a Wald χ2-test applied to the coefficients of each explanatory variable in one equation. For example, to test whether environmental indicator Granger-causes growth in Eq. (5), we test the following null hypothesis:[image: image154.png]
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0. This is a measure of short-run causality; (iii). A joint F-test or a Wald χ2-test applied jointly to the terms in (i) and the terms in (ii)

Results
The results in this paper derived from four indicators of air pollution in Canada show that the reduced form models of the EKC do not provide an adequate representation of the growth-environment relationship in Canada. It however, reveals a positive relationship between trade and the emissions of greenhouse gases in general, carbon dioxide and nitrogen oxides. This implies that an increase in the volume of the Canadian trade leads to the generation of more of these pollutants. The results also show that there is a long run relationship between each of these pollution indicators and economic growth and trade; and also a bi-directional granger-causality between each of the indicators and economic growth and trade. 
Conclusions
Canada’s per capita GHG decreased by nearly 5 percent between 1990 and 2010, while its total GHG emissions grew 18 percent (Environment Canada, 2014). The largest contributor to Canada’s GHG emissions is the energy sector, which include power generation (heat and electricity), transportation, and fugitive sources (Conference Board of Canada). The energy sector was responsible for 81 percent of Canada’s total GHG emissions in 2010, out of which energy combustion accounts for 45 percent (Conference Board of Canada). Carbon dioxide accounts for the largest proportion of the GHG emissions; it contributed 79 percent of Canada’s total emissions in 2012 (Environment Canada, 2014). Canada is one of the largest emitters of GHG in the world, being one of the world’s largest energy exporters. The main reason for the increase in Canada’s GHG has been growth in exports of petroleum, natural gas and forest products. Air quality is affected by sulphur oxides emitted from smelters, electricity generators, petroleum refineries, iron and steel mills, and pulp and paper mills. Between 1990 and 2009, Canada decreased its per capita sulphur oxides emissions by 34 percent. While the reduction was good, Canada’s progress was weaker than the progress made by 14 of its 17 OECD’s peer countries (Conference Board of Canada). In 2012, sulphur oxides emissions decreased by 0.3 percent from 2011 levels, and were 59 percent lower than in 1990 (Environment Canada,2014). Nitrogen oxides contribute to smog and acid rain and are hazardous to human health and the environment. Nitrogen oxides are released during the combustion of fossil fuels, mainly by vehicles, electricity generation, and manufacturing process. In 2012, nitrogen oxides emissions in Canada decrease by 5 percent from 2011 levels, and were 27 percent lower than in 1990 (Environment Canada, 2014). Canada needs to do more to reduce emissions from the transportation, electricity, and industrial sectors (Conference Board of Canada). 
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