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Introduction

Global warming is a hot topic that is being studied across the world, as the rate of rise in temperature is quite rapid and may have devastating consequences if left unchecked. The key contributor of this factor is the release of Carbon into the atmosphere, or green house gas (GHG) emissions. This project will analyze how historical Canadian GHG release over the past few decades has been affected by factors such as fuel consumption, industrial output and GDP growth, and which of these factors are the most relevant through regression testing.

Data

Data of the GHG emission are found through this research paper by Environment Canada: http://www.ec.gc.ca/Publications/253AE6E6-5E73-4AFC-81B7-9CF440D5D2C5%5C793-Canada's-Emissions-Trends-2012_e_01.pdf. Explanatory variable data are found through: http://www.tradingeconomics.com/canada.

The data are obtained annually, there are 8 years of data selected from 1990 to 2010 based on Environment Canada’s paper. The following data are all specific to Canada only.

Response Variable:

Y = Greenhouse Gas emission

Explanatory Variable:
X1 = Fuel Consumption

X2 = Industrial Production
X3 = GDP Growth
Full Model regression analysis equation:

Y = a + B1*X1 + B2*X2 + B3*X3

The null hypothesis is: B1 = B2 = B3 = 0
Analysis

Using Excel’s regression tool, all explanatory variables are used for the first analysis:

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.956790577
	
	
	
	
	
	
	

	R Square
	0.915448209
	
	
	
	
	
	
	

	Adjusted R Square
	0.881627492
	
	
	
	
	
	
	

	Standard Error
	17.6757932
	
	
	
	
	
	
	

	Observations
	8
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	2
	16913.71
	8456.853
	27.06768
	0.002079
	
	
	

	Residual
	5
	1562.168
	312.4337
	
	
	
	
	

	Total
	7
	18475.88
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-2679.004888
	721.5393
	-3.7129
	0.013813
	-4533.78
	-824.229
	-4533.78
	-824.229

	Fuel Consumption
	40.50746986
	9.610359
	4.21498
	0.008368
	15.80326
	65.21168
	15.80326
	65.21168

	Manufactering
	16.32988586
	2.919494
	5.593397
	0.002521
	8.825089
	23.83468
	8.825089
	23.83468


GHG emission appears to be positively correlated with Fuel consumption and manufacturing as expected.
The fitted model is Y = -2679.004888 + 40.50746986X1 + 16.32988586X2, with R^2 of 0.915448209 and adjusted R^2 of 0.881627492

Next we look at whether using just one of the two explanatory variables will yield a better model.

Model 2: Only using Fuel Consumption
	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.621602195
	
	
	
	
	
	
	

	R Square
	0.386389288
	
	
	
	
	
	
	

	Adjusted R Square
	0.284120836
	
	
	
	
	
	
	

	Standard Error
	43.46836936
	
	
	
	
	
	
	

	Observations
	8
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	7138.88
	7138.88
	3.778187
	0.09992
	
	
	

	Residual
	6
	11336.99
	1889.499
	
	
	
	
	

	Total
	7
	18475.88
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	-2743.823907
	1774.183
	-1.54653
	0.172938
	-7085.09
	1597.445
	-7085.09
	1597.445

	Fuel Consumption
	45.72175288
	23.52238
	1.943756
	0.09992
	-11.8354
	103.2789
	-11.8354
	103.2789


We see the both R^2 and adjusted R^2 decreased significantly to 0.386389288 and 0.284120836 respectively, and standard error increased by 3 times.

Model 3: Only using Manufacturing

	SUMMARY OUTPUT
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.784231
	
	
	
	
	
	
	

	R Square
	0.615018
	
	
	
	
	
	
	

	Adjusted R Square
	0.550854
	
	
	
	
	
	
	

	Standard Error
	34.4308
	
	
	
	
	
	
	

	Observations
	8
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	11362.99
	11362.99
	9.585139
	0.021225
	
	
	

	Residual
	6
	7112.882
	1185.48
	
	
	
	
	

	Total
	7
	18475.88
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	352.1607
	114.4945
	3.075787
	0.02178
	72.00276
	632.3186
	72.00276
	632.3186

	Manufactering
	17.52355
	5.660084
	3.095987
	0.021225
	3.673823
	31.37328
	3.673823
	31.37328


We see that compared to using just fuel consumption, using just manufacturing data has yielded better R^2 and adjusted R^2 at 0.615018 and 0.550854 respectively. However, these measure are still poor against using both explanatory variables as in model 1. The standard error is also doubled against model 1.

Conclusion

It appears that using both fuel consumption together with manufacturing data produced the best regression model for explaining GHG emission in Canada over the sample years. 

The final model is therefore:

Canadian Annual GHG emission = -2679.004888 + 40.50746986*Canadian Annual Fuel Consumption+ 16.32988586*Canadian Annual Manufacturing Output,

The R Squared is 0.915448209 and adjusted R Squared is 0.881627492 which show that the Canadian GHG emission can be explained quite well by the combination of these two variables, however other analysis show it is quite poorly explained if only one of them is used.
