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Overview

Canada’s economy is deeply integrated with the US, so regulatory efforts by Canada to tackle issues such as climate change should take into account how the combined economy of both countries is likely to respond. This research uses a model of energy supply and demand in both countries to investigate various climate policy scenarios, and to understand how energy trade might change due to climate policy. The model is a step in the development of hybrid simulation models that integrate bottom-up techno-behavioural modelling and top-down macroeconomic modelling capabilities (Böhringer, 1998).

The paper starts with an introduction to climate policy analysis and the requirements of simulation models to evaluate climate policy. I describe the CIMS model and explain why it is suitable for this task. I then describe energy supply and demand models of the US and Canada, and the energy trade model that connects them. I present selected results of simulations using the integrated model and an analysis of the sensitivity of results to assumptions in the model.
Methods

Energy supply and demand models of the US and Canada are used to simulate how technologies, energy use and emissions, might evolve over the next 25 years if regulators put a price on greenhouse gas emissions. The models are built with CIMS, an energy-economy modelling system that simulates the behaviour of consumers and producers and the evolution of energy technologies in the economy (Bataille, 2005). The country models are linked by a partial-equilibrium model of energy supply and demand that incorporates an Armington model of trade and energy imports from the rest of the world (Armington, 1969). The integrated model is used to consider how different policy scenarios in each country and different assumptions about energy trade influence forecasts of emissions, energy use, and energy prices.
Results

Based on abatement costs in the models, a greater percentage of business-as-usual emissions are avoidable in the US than in Canada for the same emission price. This is explained by the large amount of low-cost emission abatement opportunity in the US electricity generation sector where clean coal technology and carbon sequestration replace conventional coal plants. In Canada, half of the emission reductions occur in the crude oil production sector as the US substitutes Canadian crude supply with imports from the rest-of-the-world.
I simulate a range of possible climate policy scenarios in which the price of greenhouse gas emissions rises gradually over a 20-year period to levels of 45 to 135 dollars per tonne of carbon dioxide equivalent. In these scenarios emissions in the US are 15 to 28 percent less than the business-as-usual forecast in 2030. Energy prices experienced by final consumers increase 1.2 to 2.2 times business-as-usual prices. Natural gas and petroleum products experience the biggest price increases when the emission price is high. 

I investigate the impact of trade effects on climate policy effectiveness by comparing scenarios of harmonized US-Canada climate policy with scenarios where only Canada has a price on emissions. The amount of emissions avoided in Canada with a climate policy depends on policy in the US. When the US has an identical climate policy, US demand for energy imports is higher. As a result, Canadian electricity and natural gas production are higher. When there is no policy in the US about one quarter of emissions avoided in Canada are offset by increased emissions in the US (leakage). 
Sensitivity analysis shows that the model forecasts are sensitive to assumptions about energy trade, energy prices and about the long run cost of energy production. The model’s simulation of Canada’s energy exports is especially sensitive to these assumptions.
Conclusions

The results demonstrate that modelling regional energy supply and demand is an important and necessary component of climate policy analysis, especially for Canadian policy analysis.
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