
THE RELATIONSHIP BETWEEN ECONOMIC GROWTH AND ENERGY CONSUMPTION IN NEWFOUNDLAND AND LABRADOR: SECTORIAL AND FUEL TYPE CONSUMPTION ANALYSIS.

 [Olaide Kayode Emmanuel, Memorial University of Newfoundlan, Canada,+17099862272, emmakyng@yahoo.com]

Norwegian School of Economics and Business,Bergen, Norway(MSc. Energy,Natural Resources and Environmental Economics)

OVERVIEW
Using a neo-classical aggregate production model where capital, labor, and energy are treated as separate inputs, this study investigates the relationship between economic growth and energy use in Newfoundland and Labrador, as an energy producing and energy dependent province in a developed economy. This study also makes use of secondary forms of energy and energy consumption by the different sectors of the economy. Hence, the end users or final energy use is made use of. Using the autoregressive distributed lag (ARDL) co-integration technique; the test indicates that energy enters significantly the co-integration space. Then using the vector error correction model (VECM), the short-run dynamics of the variables show that there is no causality between the energy consumption by the public administration sector and economic growth. The flow of causality runs only in one direction from economic growth to refined petroleum products consumption, electricity consumption, and energy consumption by the agricultural sector. The flow of causality also runs in one direction from the energy consumption by each of the industrial and commercial sectors to economic growth. There is however, a two-way causality between economic growth, and each of residential energy consumption, and energy consumption by the transportation sector. The long run dynamics of the variables reveals a one-way causality running from economic growth to electricity consumption, energy consumption by the transportation sector, and energy consumption by the agricultural sector only. The study thus proposes policy suggestions to solve the energy and sustainable development dilemma in Newfoundland and Labrador, as: enhancing energy supply security and guaranteeing energy supply; enhancing energy efficiency to save energy; diversifying energy sources by exploiting renewable energy and drawing out appropriate policies and measures. 
Methods
Neo-classical production model

To investigate the relationship between energy consumption and economic growth, this research work makesuse of the framework proposed in Ghali and El-Sakka 2004. It is based on the conventional neo-classical one-sector aggregate production technology where capital, labour, and energy are treated as separate inputs. That is:
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Where Y is the real GDP; K is the capital stock; L is the level of employment; E is energy consumption in terms of energy type or sectoral consumption, and the subscript t denotes the time period.Taking the differential of Eq. (1) we obtain:
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is the partial derivative of Y with respect to its ith argument. On dividing Eq. (2) through by [image: image10.png]


and rearranging the resulting expression, we obtain the following growth equation:
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Where a dot on the top of a variable means that the variable is now in a growth rate form. The constant parameters a, b, and c are the elasticity of output with respect to capital, labor, and energy, respectively.

The relationship between output and capital, labor, and energy inputs described by the production function in Eq. (1) suggests that their long-run movements may be related. Furthermore, if one allows for short-run dynamics in factor-input behavior, the analysis above would also suggest that past changes in capital, labor, and energy could contain useful information for predicting the future changes of output, ceteris paribus.The long-run and short run dynamics between the variables is examined using the ARDL to test for multivariate co-integration, and Granger causality within the context of the Vector Error Correction Model.
Test for cointegration and Granger causality
A recently advanced co-integration approach, known as the autoregressive distributed lag (ARDL) [Pesaran et al (2001)], has become popular among researchers. 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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                                                                                                                                                                                                         (7)                    Following Granger (1988), and Engle and Granger (1987), I estimated a VEC model for the Granger causality test for our problem at hand. The VEC representation is as follow:
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Results
The co-integration test indicates that energy enters significantly the co-integration space. The short-run dynamics of the variables show that there is no causality between the energy consumption by the public administration sector and economic growth. The flow of causality runs only in one direction from economic growth to refined petroleum products consumption, electricity consumption, and energy consumption by the agricultural sector. The flow of causality also runs in one direction from the energy consumption by each of the industrial and commercial sectors to economic growth. There is however, a two-way causality between economic growth, and each of residential energy consumption, and energy consumption by the transportation sector. The long run dynamics of the variables reveals a one-way causality running from economic growth to electricity consumption, energy consumption by the transportation sector, and energy consumption by the agricultural sector only. The effect of a shock to each of the various forms of energy, except industrial energy consumption, on economic growth is transitory; the effect of a shock to the industrial energy consumption on the economic growth is permanent. However, a shock to the economic growth has a permanent effect on each of the various forms of energy consumption. 
Conclusions
The policy implication of the analysis is that Newfoundland and Labrador is an energy dependent economy and that energy is a limiting factor to economic growth in Newfoundland and Labrador. Also, the increasing growth of the Newfoundland and Labrador economy has led to more demand for energy. Ensuring energy supply security , and enhancing energy efficiency should be items of focus in the energy policies in Newfoundland and Labrador. It could also be suggestive for Newfoundland and Labrador, to diversify its energy supply by taking advantage of its renewable energy such as wind, solar, biomass, and even ocean wave. The province should take advantage of the economic and environmental benefits associated with the use of proven clean energy technologies, by encouraging business owners and entrepreneurs to innovate new green products and services. This would help the local firms to offset some or all of their energy consumption, thereby reducing operating costs, and increasing competitiveness. In conclusion, energy efficiency and environmental protection should be served as important criteria for industry policy.  

