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Objective
The objective of this project is to demonstrate an understanding of Regression Analysis using the statistical applications available in Excel. I plan to do this by examining the relationship between C02 emissions and a variety of demographic and economic indicators.
Introduction

Over the past 60 years, we have seen the global mean temperature has increase. More erratic weather patterns have been observed and the ice caps have started to melt which has threatened fragile Northern communities. 

There is significant scientific evidence that this is a result of human activities which produce green house gasses. When these green house gasses are released into the atmosphere, they absorb and emit radiation within the thermal infrared range. This is called the greenhouse effect and it is increasing the Earth’s temperature.

Of all the green house gasses, Carbon dioxide has contributed most to the greenhouse effect. Therefore, this analysis will focus on determining the key demographic and economic factors that drive CO2 emissions. 
Data

The data used in this analysis has been taken from the World Bank website (http://databank.worldbank.org/data/home.aspx). The data is from the year 2008.
While there were many indicators available, only those with sufficient data could be examined. For example, the price of diesel fuel may have been an interesting indicator to analyze because it undoubtedly motivates consumer behavior. However, there was not sufficient data available to test this indicator.
The relationship between the response variable C02 emissions (metric tons per capita) and the following nine explanatory variables will be analyzed:
· Energy use (kg of oil equivalent per capita)

· Alternative and nuclear energy (% of total energy use)

· Energy imports, net (% of energy use)

· Energy production (kt of oil equivalent)

· Fossil fuel energy consumption (% of total)

· GDP per capita (current US$)

· Imports of goods and services (% of GDP)

· Exports of goods and services (% of GDP)

· Life expectancy at birth, total (years)
The 2008 data for these 9 explanatory variables was available for 127 countries. The following regression analysis is based on these 127 data points. The data set is shown in Appendix A: Data Set as well as in the tab “Data”.
Model

Y = 1X1 2X2 3X3 4X4 5X5 6X6 7X7 
Y= CO2 emissions (metric tons per capita)
=Intercept
X1 = Energy use (kg of oil equivalent per capita)

X2= Alternative and nuclear energy (% of total energy use)

X3= Energy imports, net (% of energy use)

X4= Fossil fuel energy consumption (% of total)

X5= Energy production (kt of oil equivalent)

X6= GDP per capita (current US$)
X7= Imports of goods and services (% of GDP)

X8= Exports of goods and services (% of GDP)

X9= Life expectancy at birth, total (years)
1=Coefficient on Energy use (kg of oil equivalent per capita)
2=Coefficient on Alternative and nuclear energy (% of total energy use)
3=Coefficient on Energy imports, net (% of energy use)
4=Coefficient on Fossil fuel energy consumption (% of total)
5=Coefficient on Energy production (kt of oil equivalent)
6=Coefficient on GDP per capita (current US$)
7= Coefficient on Imports of goods and services (% of GDP)
8= Coefficient on Exports of goods and services (% of GDP)
9= Coefficient on Life expectancy at birth, total (years)
= Error Term
Hypothesis
I will test the null hypothesis that all of the regression coefficients are zero:

H0: β1 = β2 = β3 = β4 = β5 = β6 = β7 = β8 = β9 = 0.

9 Variable Model
The nine variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3), energy production (kt of oil equivalent) (X4), fossil fuel energy consumption (% of total) (X5), GDP per capita (current US$) (X6), imports of goods and services (% of GDP) (X7), exports of goods and services (% of GDP) (X8) and life expectancy at birth, total (years) (X9) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_9” is input into the regression analysis tool in Excel, the following results are obtained: 
[image: image1.emf]Regression Statistics

Multiple R 0.9375

R Square 0.8788

Adjusted R Square 0.8695

Standard Error 2.6201

Observations 127

ANOVA

df SS MS F Significance F

Regression 9 5826 647 94 2.299E-49

Residual 117 803 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 0.7117806 2.739 0.260 0.79545 -4.714 6.137 -4.714 6.137

Energy use (kg of oil equivalent per capita) 0.0020279 0.000 16.8720.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0808055 0.020 -4.141 0.00007 -0.119 -0.042 -0.119 -0.042

Energy imports, net (% of energy use) -0.0033505 0.002 -1.842 0.068 -0.007 0.000 -0.007 0.000

Energy production (kt of oil equivalent) 0.0000003 0.000 0.369 0.712 0.000 0.000 0.000 0.000

Fossil fuel energy consumption (% of total) 0.0600074 0.014 4.236 0.000 0.032 0.088 0.032 0.088

GDP per capita (current US$) 0.0000238 0.000 1.269 0.207 0.000 0.000 0.000 0.000

Imports of goods and services (% of GDP) 0.0176440 0.021 0.847 0.398 -0.024 0.059 -0.024 0.059

Exports of goods and services (% of GDP) -0.0210259 0.019 -1.108 0.270 -0.059 0.017 -0.059 0.017

Life expectancy at birth, total (years) -0.0533044 0.049 -1.097 0.275 -0.150 0.043 -0.150 0.043


This model can be represented by the following equation:

Y = 0.7117806 + 0.0020279X1 – 0.0808055X2 – 0.0033505X3 + 0.0000003X4 + 0.0600074X5 + 0.0000238X6 + 0.0176440X7 - 0.0210259X8 – 0.0533044X9
This model has a good R2 value (87.88%) and R2adj value (86.95%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the nine explanatory variables modeled. The explanatory variable energy production has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, energy production will be removed in the next model that is tested.

8 Variable Model

The eight variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3), fossil fuel energy consumption (% of total) (X5), GDP per capita (current US$) (X6), imports of goods and services (% of GDP) (X7), exports of goods and services (% of GDP) (X8) and life expectancy at birth, total (years) (X9) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_8” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.9374

R Square 0.8787

Adjusted R Square 0.8705

Standard Error 2.6105

Observations 127

ANOVA

df SS MS F Significance F

Regression 8 5825 728 107 2.299E-50

Residual 118 804 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 0.8056841 2.718 0.296 0.76740 -4.576 6.187 -4.576 6.187

Energy use (kg of oil equivalent per capita) 0.0020308 0.000 16.9950.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0806873 0.019 -4.150 0.00006 -0.119 -0.042 -0.119 -0.042

Energy imports, net (% of energy use) -0.0033066 0.002 -1.829 0.070 -0.007 0.000 -0.007 0.000

Fossil fuel energy consumption (% of total) 0.0607007 0.014 4.339 0.000 0.033 0.088 0.033 0.088

GDP per capita (current US$) 0.0000239 0.000 1.280 0.203 0.000 0.000 0.000 0.000

Imports of goods and services (% of GDP) 0.0163130 0.020 0.798 0.426 -0.024 0.057 -0.024 0.057

Exports of goods and services (% of GDP) -0.0206012 0.019 -1.091 0.277 -0.058 0.017 -0.058 0.017

Life expectancy at birth, total (years) -0.0543131 0.048 -1.123 0.264 -0.150 0.041 -0.150 0.041


This model can be represented by the following equation:

Y = 0.8056841 + 0.0020308X1 – 0.0806873X2 – 0.0033066X3 + 0.0607007X5 + 0.0000239X6 + 0.0163130X7 - 0.0206012X8 – 0.0543131X9
This model has a good R2 value (87.87%) and R2adj value (87.05%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the eight explanatory variables modeled. The R2 decreased by an extremely insignificant amount while the R2adj increased by a small amount. This suggests that the explanatory variable energy production added complexity although it did not contribute any predictive power to the model.
The explanatory variable imports of goods and services has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, imports of goods and services will be removed in the next model that is tested.

7 Variable Model
The seven variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3), fossil fuel energy consumption (% of total) (X5), GDP per capita (current US$) (X6), exports of goods and services (% of GDP) (X8) and life expectancy at birth, total (years) (X9) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_7” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.9370

R Square 0.8780
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Standard Error 2.6065

Observations 127

ANOVA

df SS MS F Significance F

Regression 7 5820 831 122 2.741E-51

Residual 119 808 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 0.9970802 2.703 0.369 0.71286 -4.355 6.349 -4.355 6.349

Energy use (kg of oil equivalent per capita) 0.0020120 0.000 17.1990.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0788230 0.019 -4.090 0.00008 -0.117 -0.041 -0.117 -0.041

Energy imports, net (% of energy use) -0.0024647 0.001 -1.680 0.095 -0.005 0.000 -0.005 0.000

Fossil fuel energy consumption (% of total) 0.0597003 0.014 4.291 0.000 0.032 0.087 0.032 0.087

GDP per capita (current US$) 0.0000218 0.000 1.183 0.239 0.000 0.000 0.000 0.000

Exports of goods and services (% of GDP) -0.0069277 0.008 -0.874 0.384 -0.023 0.009 -0.023 0.009

Life expectancy at birth, total (years) -0.0523119 0.048 -1.085 0.280 -0.148 0.043 -0.148 0.043


This model can be represented by the following equation:

Y = 0.9970802 + 0.0020120X1 – 0.0788230X2 – 0.0024647X3 + 0.0597003X5 + 0.0000218X6 - 0.0069277X8 – 0.0523119X9
This model has a good R2 value (87.80%) and R2adj value (87.09%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the seven explanatory variables modeled. The R2 decreased by an extremely insignificant amount while the R2adj increased by a small amount. This suggests that the explanatory variable imports of goods and services added complexity although it did not contribute any predictive power to the model.
The explanatory variable exports of goods and services has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, exports of goods and services will be removed in the next model that is tested.
6 Variable Model
The six variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3), fossil fuel energy consumption (% of total) (X5), GDP per capita (current US$) (X6) and life expectancy at birth, total (years) (X9) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_6” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.9366

R Square 0.8773

Adjusted R Square 0.8711

Standard Error 2.6039

Observations 127

ANOVA

df SS MS F Significance F

Regression 6 5815 969 143 3.2E-52

Residual 120 814 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 0.7463326 2.685 0.278 0.78152 -4.570 6.062 -4.570 6.062

Energy use (kg of oil equivalent per capita) 0.0020144 0.000 17.2410.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0780944 0.019 -4.060 0.00009 -0.116 -0.040 -0.116 -0.040

Energy imports, net (% of energy use) -0.0024060 0.001 -1.644 0.103 -0.005 0.000 -0.005 0.000

Fossil fuel energy consumption (% of total) 0.0575478 0.014 4.207 0.000 0.030 0.085 0.030 0.085

GDP per capita (current US$) 0.0000179 0.000 1.002 0.318 0.000 0.000 0.000 0.000

Life expectancy at birth, total (years) -0.0505647 0.048 -1.051 0.295 -0.146 0.045 -0.146 0.045


This model can be represented by the following equation:

Y = 0.7463326 + 0.0020144X1 – 0.0780944X2 – 0.0024060X3 + 0.0575478X5 + 0.0000179X6 – 0.0505647X9
This model has a good R2 value (87.73%) and R2adj value (87.11%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the six explanatory variables modeled. The R2 decreased by an extremely insignificant amount while the R2adj increased by a small amount. This suggests that the explanatory variable exports of goods and services added complexity although it did not contribute any predictive power to the model.
The explanatory variable GDP per capita has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, GDP per capita will be removed in the next model that is tested.
5 Variable Model
The five variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3), fossil fuel energy consumption (% of total) (X5), and life expectancy at birth, total (years) (X9) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_5” is input into the regression analysis tool in Excel, the following results are obtained: 
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Observations 127

ANOVA

df SS MS F Significance F

Regression 5 5808 1162 171 3.815E-53

Residual 121 820 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept -0.5742419 2.340 -0.245 0.80652 -5.206 4.057 -5.206 4.057

Energy use (kg of oil equivalent per capita) 0.0020857 0.000 22.5010.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0812528 0.019 -4.282 0.00004 -0.119 -0.044 -0.119 -0.044

Energy imports, net (% of energy use) -0.0025735 0.001 -1.770 0.079 -0.005 0.000 -0.005 0.000

Fossil fuel energy consumption (% of total) 0.0533993 0.013 4.096 0.000 0.028 0.079 0.028 0.079

Life expectancy at birth, total (years) -0.0260417 0.041 -0.629 0.531 -0.108 0.056 -0.108 0.056


This model can be represented by the following equation:

Y = -0.5742419 + 0.0020857X1 – 0.0812528X2 – 0.0025735X3 + 0.0533993X5 – 0.0260417X9
This model has a good R2 value (87.62%) and R2adj value (87.11%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the five explanatory variables modeled. The R2 decreased by an insignificant amount while the R2adj did not change. This suggests that the explanatory variable exports of GDP per capita added complexity although it did not contribute any predictive power to the model.
The explanatory variable life expectancy at birth has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, life expectancy at birth will be removed in the next model that is tested.
4 Variable Model
The four variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2), energy imports, net (% of energy use) (X3) and fossil fuel energy consumption (% of total) (X5) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_4” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.9359

R Square 0.8758

Adjusted R Square 0.8718
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Observations 127

ANOVA

df SS MS F Significance F

Regression 4 5806 1451 215 2.967E-54

Residual 122 823 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept -1.9663137 0.752 -2.615 0.01005 -3.455 -0.478 -3.455 -0.478

Energy use (kg of oil equivalent per capita) 0.0020689 0.000 23.3690.00000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0868633 0.017 -5.201 0.00000 -0.120 -0.054 -0.120 -0.054

Energy imports, net (% of energy use) -0.0028597 0.001 -2.076 0.040 -0.006 0.000 -0.006 0.000

Fossil fuel energy consumption (% of total) 0.0481166 0.010 4.839 0.000 0.028 0.068 0.028 0.068


This model can be represented by the following equation:

Y = -1.966 + 0.0020857X1 – 0.0812528X2 – 0.0025735X3 + 0.0533993X5
This model has a good R2 value (87.58%) and R2adj value (87.18%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the four explanatory variables modeled. The R2 decreased by an insignificant amount while the R2adj increased by a small amount. This suggests that the explanatory variable life expectancy at birth added complexity although it did not contribute any predictive power to the model.
The explanatory variable energy imports has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, energy imports will be removed in the next model that is tested.
3 Variable Model

The three variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1), alternative and nuclear energy (% of total energy use) (X2) and fossil fuel energy consumption (% of total) (X5) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_3” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.9335

R Square 0.8714

Adjusted R Square 0.8683

Standard Error 2.6322

Observations 127

ANOVA

df SS MS F Significance F

Regression 3 5777 1926 278 1.351E-54

Residual 123 852 7

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept -1.7559415 0.755 -2.3250.021684 -3.251 -0.261 -3.251 -0.261

Energy use (kg of oil equivalent per capita) 0.0021146 0.000 24.3370.000000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.0927753 0.017 -5.5630.000000 -0.126 -0.060 -0.126 -0.060

Fossil fuel energy consumption (% of total) 0.0454689 0.010 4.550 0.000013 0.026 0.065 0.026 0.065


This model can be represented by the following equation:

Y = -1.7559415 + 0.0021146X1 – 0.0927753X2 + 0.0454689X5
This model has a good R2 value (87.14%) and R2adj value (86.83%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the three explanatory variables modeled. Both the R2 and R2adj decreased by a small amount. This suggests that the explanatory variable energy imports did not contribute significant predictive power to the model.
The explanatory variable fossil fuel energy consumption has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, fossil fuel energy consumption will be removed in the next model that is tested.
2 Variable Model

The two variable model is the least squares regression of the variables energy use (kg of oil equivalent per capita) (X1) and alternative and nuclear energy (% of total energy use) (X2) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_2” is input into the regression analysis tool in Excel, the following results are obtained: 
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ANOVA

df SS MS F Significance F

Regression 2 5633 2817 351 9.005E-52

Residual 124 996 8

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 1.3319736 0.356 3.737 0.000283318314155 0.626 2.038 0.626 2.038

Energy use (kg of oil equivalent per capita) 0.0022683 0.000 26.3200.000000000000000 0.002 0.002 0.002 0.002

Alternative & nuclear energy (% of energy use)-0.1234287 0.016 -7.5150.000000000009861 -0.156 -0.091 -0.156 -0.091


This model can be represented by the following equation:

Y = 1.3319736 + 0.0022683X1 – 0.1234287X2
This model has a good R2 value (84.98%) and R2adj value (84.74%) which suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the two explanatory variables modeled. Both the R2 and R2adj decreased slightly. This suggests that the explanatory variable fossil fuel energy consumption contributed some predictive power to the model.
The explanatory variable alternative and nuclear energy has the highest p-value and lowest t statistic (in absolute terms). This suggests that this variable is the least significant in predicting the response variable C02 emissions. Therefore, alternative and nuclear energy will be removed in the next model that is tested.
1 Variable Model

The one variable model is the least squares regression of the variable energy use (kg of oil equivalent per capita) (X1) on C02 emissions (metric tons per capita).
When the data in the tab “Mod_1” is input into the regression analysis tool in Excel, the following results are obtained: 
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Multiple R 0.8840

R Square 0.7814

Adjusted R Square 0.7796

Standard Error 3.4049

Observations 127

ANOVA

df SS MS F Significance F

Regression 1 5180 5180 447 4.315E-43

Residual 125 1449 12

Total 126 6629

CoefficientsStandard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 0.4109259 0.402 1.022 0.30891283333715 -0.385 1.207 -0.385 1.207

Energy use (kg of oil equivalent per capita) 0.0021552 0.000 21.137 0.00000000000000 0.002 0.002 0.002 0.002


This model can be represented by the following equation:

Y = 0.4109259 + 0.0021552X1
This model has a good R2 value (78.14%) and R2adj value (77.96%) which still suggests that a fair amount of the variation in the response variable, C02 emissions, is explained by the one explanatory variables modeled. Both the R2 and R2adj decreased by a notable amount while the standard error has seen a significant increase. This suggests that the explanatory variable alternative and nuclear energy use was contributing predictive power to the model. Additionally, it is also clear that energy use is a very strong indicator of C02 emissions.

Correlation Analysis

When the data in the tab “Mod_9” is input in the Correlation function of Excel, the following results are obtained:
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These results show that the explanatory variables energy use, GDP per capita and life expectancy at birth have the highest correlations (in absolute terms) with the response variable C02 emissions. This is somewhat surprising because the regression analysis showed that GDP per capita and life expectancy at birth were not significant indicators of C02 emissions.

However, further inspection reveals that the explanatory variables GDP per capita and life expectancy at birth have the highest correlations with energy use. It now makes sense that these variables would not be significant indicators of C02 emissions. Rather, high GDP per capita and life expectancy at birth are characteristics of developed nations which tend to use more energy than poorer nations. GDP per capita and life expectancy at birth are confounding variables.
The correlation analysis also shows that alternative and nuclear energy and energy imports are the only two variables that are negatively correlated to C02 emissions. This is quite intuitive because countries that are forced to import their energy are likely to have higher energy costs, which incentivizes people to control their energy use. Furthermore, the negative correlation between alternative and nuclear energy and fossil fuel energy consumption supports the idea that countries that are using alternative and nuclear energy are burning less fossil fuel and have lower C02 emissions.

Observations

Energy use is the primary indicator of C02 emissions. This tells us that the most effective way to reduce our C02 emissions is to focus on reducing energy use. Alternative and nuclear energy is also a significant explanatory variable in predicting C02 emissions. The negative coefficient associated with this indicator tells us that alternative and nuclear energy programs are an effective way to reduce C02 emissions.

Conclusions
The variables following variables had high p-values which indicates that they were not significant indicators in predicting C02 emissions. 

· X3= Energy imports, net (% of energy use)

· X5= Energy production (kt of oil equivalent)

· X6= GDP per capita (current US$)
· X7= Imports of goods and services (% of GDP)

· X8= Exports of goods and services (% of GDP)

· X9= Life expectancy at birth, total (years)
Eliminating them from the model did not reduce the R2 or R2adj by a significant amount and it did not increase the standard error. These variables add complexity to the model and they make the data collection process more difficult. They do not contribute any predictive power to the model and should not be included.
The following variables had extremely low p-values which indicates that they were significant explanatory variables in predicting C02 emissions:

· X1 = Energy use (kg of oil equivalent per capita)

· X2= Alternative and nuclear energy (% of total energy use)

· X4= Fossil fuel energy consumption (% of total)
The following table is a summary of all of the regression models tested:
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9 94.29         0.88 0.87 2.62

8 106.84       0.88 0.87 2.61

7 122.39       0.88 0.87 2.61

6 142.94       0.88 0.87 2.60

5 171.32       0.88 0.87 2.60

4 215.12       0.88 0.87 2.60

3 277.91       0.87 0.87 2.63

2 350.77       0.85 0.85 2.83

1 446.79       0.78 0.78 3.40


This figure shows that the F-statistic, the ratio of explained variance to unexplained variance, continued to improve as explanatory variables were removed. This figure also shows that the lowest standard error and highest R2 and R2adj were achieved with the four variable model. However, the two and three variable models have a standard error that is only slightly higher and an R2 and R2adj value that is only slightly lower than the four variable model. While the one variable model has a higher F-statistic than the two variable model, the 7% drop in the R2 and R2adj value indicates that the model is explaining less of the variance in C02 emissions. The two variable model seems to provide a very good balance between complexity and predictive power.
Recommendations
I recommend that the following model is used to predict C02 emissions:
Y = 1.3319736 + 0.0022683X1 – 0.1234287X2
Where:

· X1 = Energy use (kg of oil equivalent per capita)

· X2= Alternative and nuclear energy (% of total energy use)

This model is deemed to provide the best fit for the following reasons:
· All of the explanatory variables included in this model had p-values extremely close to zero. Therefore, we can reject the null hypothesis that the beta coefficients associated with each of these variables is zero.
· This model had one of the highest F statistics.

· This model had one of the highest R2 and R2adj values.

· This model had one of the lowest standard errors.
Appendix A: Data Set
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Albania 1.3                   650               16                     44                     1,153                 63                       4,076                 56                        30                       77                      

Algeria 3.2                   1,083            0                        (334)                 162,044            100                     4,967                 23                        46                       72                      

Angola 1.4                   631               2                        (830)                 105,777            36                       4,667                 51                        76                       50                      

Argentina 4.8                   1,923            6                        (9)                      82,859               90                       8,226                 21                        24                       75                      

Armenia 1.8                   973               27                     73                     797                     73                       3,787                 41                        15                       73                      

Australia 18.6                 6,019            1                        (133)                 301,041            94                       49,379               22                        20                       81                      

Austria 8.1                   4,017            11                     66                     11,224               72                       49,679               54                        59                       80                      

Azerbaijan 5.4                   1,522            1                        (340)                 58,634               99                       5,575                 23                        66                       70                      

Bahrain 21.4                 8,785            -                    (89)                    17,493               100                     20,813               74                        97                       75                      

Bangladesh 0.3                   192               0                        16                     23,395               68                       547                     29                        20                       68                      

Belarus 6.5                   2,931            0                        86                     4,032                 92                       6,328                 69                        61                       70                      

Belgium 9.8                   5,470            20                     75                     14,545               74                       47,341               84                        85                       79                      

Benin 0.5                   392               -                    41                     1,940                 39                       800                     29                        15                       55                      

Bolivia 1.3                   622               3                        (170)                 16,168               79                       1,734                 38                        45                       66                      

Bosnia and Herzegovina 8.3                   1,583            7                        27                     4,349                 93                       4,905                 78                        41                       75                      

Botswana 2.5                   1,110            0                        52                     1,037                 67                       6,892                 42                        42                       53                      

Brazil 2.1                   1,298            14                     8                        228,204            53                       8,628                 13                        14                       72                      

Brunei Darussalam 27.5                 9,434            -                    (482)                 21,126               100                     37,414               28                        78                       78                      

Bulgaria 6.6                   2,594            22                     48                     10,244               76                       6,798                 79                        58                       73                      

Cambodia 0.3                   376               0                        31                     3,608                 30                       749                     68                        66                       62                      

Cameroon 0.3                   341               6                        (45)                    9,302                 28                       1,265                 36                        33                       50                      

Canada 16.3                 8,000            21                     (52)                    406,070            75                       45,100               34                        35                       81                      

Chile 4.4                   1,744            7                        69                     9,056                 76                       10,166               41                        45                       79                      

China 5.3                   1,599            4                        6                        1,989,751         87                       3,414                 27                        35                       73                      

Colombia 1.5                   683               13                     (204)                 93,596               73                       5,436                 20                        18                       73                      

Congo, Dem. Rep. 0.0                   356               3                        (2)                      22,660               4                         187                     39                        23                       48                      

Congo, Rep. 0.5                   339               2                        (920)                 13,247               40                       3,091                 47                        75                       56                      

Costa Rica 1.8                   1,085            37                     46                     2,670                 46                       6,597                 55                        45                       79                      

Cote d'Ivoire 0.4                   541               2                        (11)                    11,415               25                       1,233                 39                        47                       53                      

Croatia 5.3                   2,049            5                        56                     3,955                 85                       15,767               50                        42                       76                      

Cyprus 7.9                   2,401            2                        97                     83                       96                       31,928               56                        45                       79                      

Czech Republic 11.2                 4,281            16                     26                     32,819               81                       20,729               73                        77                       77                      

Denmark 8.4                   3,498            3                        (39)                    26,623               80                       62,596               52                        55                       78                      

Dominican Republic 2.2                   844               1                        77                     1,882                 77                       4,739                 39                        25                       73                      

Ecuador 1.9                   785               9                        (159)                 28,547               85                       3,856                 38                        38                       75                      

Egypt, Arab Rep. 2.7                   903               2                        (24)                    87,487               96                       2,079                 39                        33                       72                      

El Salvador 1.0                   833               29                     39                     3,110                 39                       3,496                 50                        27                       71                      

Eritrea 0.1                   137               0                        19                     546                     19                       279                     26                        4                         60                      

Estonia 13.6                 4,058            0                        22                     4,225                 88                       17,578               76                        71                       74                      

Ethiopia 0.1                   399               1                        7                        29,581               7                         335                     31                        11                       57                      

Finland 10.6                 6,641            21                     53                     16,512               48                       51,186               43                        47                       80                      

France 5.9                   4,163            45                     49                     137,272            51                       44,117               29                        27                       81                      

Gabon 1.7                   1,372            4                        (579)                 13,510               41                       10,022               32                        67                       61                      

Georgia 1.2                   686               21                     64                     1,079                 67                       2,919                 58                        29                       73                      

Germany 9.6                   4,076            13                     60                     133,533            80                       44,132               42                        48                       80                      

Ghana 0.4                   407               6                        27                     6,858                 28                       1,226                 44                        25                       63                      

Greece 8.7                   2,707            2                        68                     9,862                 93                       30,363               39                        24                       80                      

Guatemala 0.9                   599               4                        34                     5,385                 44                       2,859                 39                        25                       70                      

Haiti 0.3                   285               1                        28                     1,989                 28                       658                     44                        13                       61                      

Honduras 1.2                   630               4                        55                     2,078                 54                       1,901                 84                        51                       72                      

Hong Kong SAR, China 5.5                   2,026            0                        100                   52                       95                       30,865               202                      212                     82                      

Hungary 5.4                   2,636            15                     60                     10,496               78                       15,365               81                        82                       74                      

Iceland 7.0                   16,542         83                     17                     4,355                 17                       53,088               47                        44                       81                      

India 1.5                   520               2                        24                     468,291            71                       1,021                 29                        24                       64                      

Indonesia 1.7                   816               8                        (69)                    323,803            65                       2,172                 29                        30                       68                      

Ireland 9.9                   3,367            2                        90                     1,516                 90                       59,574               74                        83                       79                      


[image: image13.emf]CO2 

emissions 

(metric tons 

per capita)

Energy use 

(kg of oil 

equivalent 

per capita)

Alternative 

and nuclear 

energy (% of 

total energy 

use)

Energy 

imports, net 

(% of energy 

use)

Energy 

production 

(kt of oil 

equivalent)

Fossil fuel 

energy 

consumption 

(% of total)

GDP per 

capita 

(current US$)

Imports of 

goods and 

services (% of 

GDP)

Exports of 

goods and 

services (% of 

GDP)

Life 

expectancy at 

birth, total 

(years)

Israel 5.2                   3,053            5                        83                     3,900                 97                       27,652               42                        40                       81                      

Italy 7.4                   2,943            5                        85                     26,971               90                       38,563               29                        28                       81                      

Jamaica 4.5                   1,591            0                        88                     494                     88                       5,301                 69                        40                       72                      

Japan 9.5                   3,880            16                     82                     88,692               83                       38,212               17                        18                       83                      

Jordan 3.7                   1,220            2                        96                     275                     98                       3,922                 85                        55                       73                      

Kazakhstan 15.1                 4,418            1                        (105)                 142,221            99                       8,514                 37                        57                       67                      

Kenya 0.3                   463               7                        15                     15,130               15                       794                     42                        28                       55                      

Korea, Rep. 10.5                 4,669            17                     80                     44,731               81                       19,162               54                        53                       80                      

Kyrgyz Republic 1.2                   514               34                     56                     1,190                 68                       966                     93                        54                       68                      

Latvia 3.3                   1,979            6                        60                     1,789                 64                       14,858               56                        43                       72                      

Lebanon 4.1                   1,298            1                        97                     166                     96                       7,219                 53                        24                       72                      

Libya 9.5                   3,126            -                    (423)                 100,542            99                       15,150               27                        67                       74                      

Lithuania 4.5                   2,733            29                     58                     3,853                 61                       14,071               72                        60                       72                      

Luxembourg 21.5                 8,564            0                        98                     101                     88                       118,219            143                      175                     80                      

Macedonia, FYR 5.8                   1,467            3                        46                     1,624                 84                       4,791                 76                        51                       74                      

Malaysia 7.6                   2,655            1                        (28)                    93,118               95                       8,099                 80                        103                     74                      

Malta 6.2                   1,987            0                        100                   1                         100                     21,047               88                        85                       79                      

Mexico 4.3                   1,637            7                        (29)                    233,346            89                       9,893                 30                        28                       76                      

Moldova 1.3                   882               0                        97                     102                     89                       1,696                 94                        41                       68                      

Mongolia 4.1                   1,160            -                    (65)                    5,107                 96                       2,108                 67                        54                       67                      

Morocco 1.5                   478               1                        96                     633                     94                       2,793                 51                        37                       71                      

Mozambique 0.1                   420               14                     (23)                    11,528               7                         443                     46                        32                       49                      

Namibia 1.8                   836               7                        82                     324                     73                       4,075                 60                        53                       61                      

Nepal 0.1                   332               3                        10                     8,643                 10                       435                     34                        13                       68                      

Netherlands 10.6                 4,837            2                        16                     66,607               92                       52,951               68                        76                       80                      

New Zealand 7.8                   4,043            27                     13                     14,989               66                       27,599               32                        31                       80                      

Nicaragua 0.8                   541               11                     45                     1,691                 44                       1,131                 73                        35                       73                      

Nigeria 0.6                   736               0                        (106)                 228,246            19                       1,375                 29                        42                       50                      

Norway 10.5                 6,249            40                     (635)                 218,986            59                       95,190               30                        47                       81                      

Oman 17.3                 6,235            -                    (286)                 63,437               100                     22,968               37                        59                       73                      

Pakistan 1.0                   494               3                        24                     63,262               62                       979                     24                        13                       65                      

Panama 2.0                   823               12                     75                     698                     75                       6,806                 75                        81                       76                      

Paraguay 0.7                   720               106                   (68)                    7,532                 27                       2,708                 56                        50                       72                      

Peru 1.4                   529               11                     16                     12,648               77                       4,456                 27                        27                       73                      

Philippines 0.9                   439               25                     42                     22,979               57                       1,925                 39                        37                       68                      

Poland 8.3                   2,567            0                        27                     71,358               94                       13,886               44                        40                       76                      

Portugal 5.3                   2,300            5                        82                     4,487                 78                       23,716               43                        32                       79                      

Qatar 49.1                 16,513         -                    (478)                 133,139            100                     79,303               29                        53                       78                      

Romania 4.4                   1,832            11                     27                     28,935               80                       9,300                 44                        31                       73                      

Russian Federation 12.0                 4,850            8                        (82)                    1,253,922         91                       11,700               22                        31                       68                      

Saudi Arabia 16.6                 5,888            -                    (276)                 579,320            100                     18,203               37                        68                       73                      

Senegal 0.4                   243               1                        57                     1,230                 57                       1,136                 52                        26                       58                      

Serbia 6.8                   2,299            5                        36                     10,792               90                       6,498                 58                        31                       74                      

Singapore 6.7                   3,452            -                    100                   32                       100                     36,738               212                      233                     81                      

Slovak Republic 6.9                   3,385            26                     65                     6,420                 70                       18,133               86                        83                       75                      

Slovenia 8.5                   3,827            26                     53                     3,672                 69                       27,015               70                        67                       79                      

South Africa 8.9                   3,075            2                        (8)                      161,971            88                       5,642                 39                        36                       51                      

South Asia 1.2                   482               2                        24                     573,460            69                       963                     29                        22                       65                      

Spain 7.2                   3,047            15                     78                     30,436               82                       34,988               32                        26                       81                      

Sri Lanka 0.6                   438               4                        43                     5,072                 44                       1,989                 39                        25                       74                      

Sudan 0.3                   356               1                        (131)                 34,094               28                       1,401                 22                        22                       60                      

Sweden 5.3                   5,380            46                     33                     33,233               33                       52,731               47                        54                       81                      

Switzerland 5.3                   3,501            40                     52                     12,804               53                       65,800               45                        56                       82                      

Syrian Arab Republic 3.6                   1,291            1                        6                        23,754               99                       2,678                 37                        37                       75                      

Tajikistan 0.5                   373               54                     40                     1,488                 43                       771                     72                        17                       67                      

Tanzania 0.2                   448               1                        8                        17,470               11                       502                     39                        25                       56                      

Thailand 4.2                   1,557            1                        39                     64,393               80                       3,993                 74                        76                       74                      

Trinidad and Tobago 37.4                 14,520         -                    (121)                 42,731               100                     20,385               38                        65                       69                      

Tunisia 2.4                   889               0                        18                     7,552                 86                       4,345                 59                        56                       74                      

Turkey 4.0                   1,389            5                        71                     28,979               91                       10,298               28                        24                       73                      

Turkmenistan 9.7                   4,570            0                        (204)                 68,410               101                     3,918                 40                        64                       65                      

Ukraine 7.0                   2,941            18                     40                     81,289               82                       3,891                 55                        47                       68                      

United Arab Emirates 25.0                 9,410            -                    (220)                 187,012            100                     50,727               70                        79                       76                      

United Kingdom 8.5                   3,390            7                        20                     166,813            90                       42,935               32                        29                       80                      

United States 18.0                 7,488            11                     25                     1,701,797         85                       47,015               18                        13                       78                      

Uruguay 2.5                   1,243            9                        67                     1,385                 65                       9,108                 35                        30                       76                      

Uzbekistan 4.6                   1,850            2                        (23)                    62,020               98                       1,023                 41                        44                       68                      

Venezuela, RB 6.1                   2,357            11                     (216)                 207,981            88                       11,138               21                        31                       74                      

Vietnam 1.5                   695               4                        (21)                    71,400               54                       1,070                 93                        78                       74                      

Yemen, Rep. 1.0                   320               -                    (111)                 15,271               99                       1,190                 43                        38                       64                      

Zambia 0.2                   615               11                     8                        7,034                 7                         1,183                 34                        36                       47                      
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