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Research topic
The claim that policies may be able to simultaneously address climate change and energy security is plausible. Research based on global climate models (GCM) has suggested that anthropogenic CO2 emissions arising predominantly from burning fossil fuels contributed to the observed increases in average global temperatures in the final quarter of the twentieth century. These same models predict that future increases in atmospheric CO2 content of in the absence of policy adjustments reducing future fossil fuel use could produce detrimental changes to climates.

On the other side of the coin, energy security is often identified with reducing macroeconomic vulnerability to disruptions in energy supplies and price increases. Energy importing countries also face energy security concerns centering on international relations or national security. Reducing dependence on imported fuels can enhance energy security. Greater use of alternative, or renewable, energy sources, and increased energy efficiency, are ways to achieve this. If reduced fossil fuel use lowers CO2 emissions then “climate security” would also benefit. In that sense, policies that could achieve both goals are “two sides of the same coin.”
We argue first that limiting fossil fuel use is not necessarily the most efficient response to the climate change threat. Second, even if it were, restricting use of some fossil fuels could compromise energy security, particularly for the U.S. and Canada, perhaps partly explaining the greater opposition to such policies in those countries.
Related research

Section 2 of the paper discusses energy security policy. Following authors such as Kalicki and Goldwyn (2005), Woolsey (2002), Wirth, Gray and Podesta (2003), and Deutch et al. (2006) we first discuss the relationship between energy security, national security and foreign policy. Following Hamilton (1983), Mork et al. (1994), Federer (1996) and many subsequent authors, we next focus on economic interpretations of energy security, namely the relationships between energy supply, energy prices, economic growth, business cycles and inflation. In Medlock and Hartley (2003), we showed how declining energy intensity and the ability to substitute to alternative energy sources can limit the negative macroeconomic effects of higher prices for any one energy commodity.
Section 3 of the paper discusses climate policy. The need for a climate policy, and the issue of the coincidence or otherwise between policy goals, obviously is predicated on the expectation that continued anthropogenic CO2 emissions will have significant detrimental effects. Assuming such emissions are significantly harmful, however, does not necessarily imply that limiting CO2 emissions is the best policy response. Climate policy action can be classified into four categories:

1. Reducing the emissions of greenhouse gases, particularly CO2
2. Increasing sequestration of greenhouse gases, particularly CO2
3. Limiting the potential harmful consequences of climate change
4. Improving remediation of damages resulting from climate change.

While referring to a range of the scientific and economic literature on climate change and climate change policy, we discuss a number of factors that would lead one to favor one type of policy versus another. We argue that reducing emissions of CO2 may not be an effective response to the threat of climate change, and in any case is unlikely to be the most efficient response. However, the uncertainty justifies further investigation of the potential conflict or coincidence between the goals of limiting climate change and improving energy security.
Methods

We construct a model of world energy markets, called the Rice World Energy Model (RWEM), to examine how various policies aimed at reducing CO2 emissions are likely to affect energy use, energy prices, trade in energy commodities and the location of energy intensive industries. The model is related to the previously developed Rice World Gas Trade Model (RWGTM) (see, for example, Hartley and Medlock, 2006, 2009). However, North America is the primary focus of the RWEM. In particular, although we examine CO2 restrictions in developed economies in addition to the U.S. and Canada, we aggregated all but the most significant countries in the rest of the world. In addition, the RWEM utilizes aggregated regional supply curves for each of the energy resources (coal, crude oil, natural gas, nuclear, hydroelectricity, wind, solar and geothermal).

As in the RWGTM, energy demands depend on economic and population growth, and energy prices. Using panel data from the International Energy Agency (IEA) on 134 countries over a period of 37 years (although the minimum time span was 12 years and the average about 32 years), we estimated a relationship between energy intensity (the ratio of primary energy demand to gross domestic product, or GDP), the real price of energy, and per capita real GDP. Following Medlock and Soligo (2001), we allowed energy intensity to vary with economic development and whether a country is an energy exporter or importer. Final demand was separated into direct fuel demand and electricity demand in residential, commercial, industrial, and transportation (with residential and commercial combined into “other” outside the U.S.) sectors. The Global Trade, Assistance, and Production (GTAP) database was used to subdivide the industrial sector into chemicals, other internationally mobile industry, and non-mobile industry. Energy is also consumed in the energy transformation sectors of “power generation,” “refining,” and “biofuels,” which in turn provide electricity and finished products included in final demand.

To forecast GDP growth, we relied on projections of population growth from the United Nations (UN) through 2050 extended to 2070 by extrapolating population growth rates. These population projections were then combined with projections of per capita GDP growth to obtain forecasts of total GDP. The per capita GDP projections through 2014 were in turn based on the IMF World Economic Outlook. Beyond 2014, we rely on an estimated model of economic development (using a panel data set from the World Bank Development Indicators of 137 countries over a period of up to 32 years) that relates per capita GDP growth to deviations from a reference development growth path at low per capita income, and to the per capita of GDP of the U.S. for countries with a high per capita GDP.

In order to forecast how the structure of industry is likely to change over time, the sectors identified from GTAP were related to corresponding sectors in the World Bank World Development Indicators database. The shares of GDP occurring in the latter were then related to real GDP per capita in purchasing power parity terms using panel regressions. The results were then used to project GDP shares in the GTAP sectors into the future using our previous estimates of economic growth. These predicted growth paths were then used as the reference demands. Actual demands could deviate from these reference values in response to endogenous price changes calculated in the model.

We also used the GTAP data to obtain regional differences in energy prices and taxes, which were then applied to the reference price path for the U.S. to obtain reference price paths for each region. GTAP estimated regional cross-elasticities of substitution of demand between the chemical and mobile industry sectors in each region were used to obtain functions for how much industry is likely to move in response to energy price changes.

The resource data incorporated into the RWEM came from a number of sources. Data on coal and proved oil and natural gas reserves were obtained from the U.S. Energy Information Administration (EIA). The U.S. Geological Survey (USGS) provided estimates on growth to known and yet-to-find oil and natural gas resources. Estimates of shale gas resources (an aggregated version of the data contained in the RWGTM) were obtained from a number of sources. Data on non-conventional oil (bitumen, extra heavy oil and oil shale) and hydroelectric potential were obtained from the World Energy Council. Data on uranium resources were obtained from the World Nuclear Association (estimated resources available at $130/kg). Solar resource potential was based on an IEA publication and combines data on direct normal irradiance with transmission requirements to get generated power to market to arrive at realistic production potential. A paper by Archer and Jacobson (2005) was used to estimate wind resources. Geothermal resource estimates were based on data from the World Energy Council and a report from the National Renewable Energy Laboratory (NREL) on U.S. geothermal potential.

We considered capital costs for various technologies, including CO2 sequestration, which reflect current industry costs. Although these are greater than those reported by the U.S. Department of Energy (DOE) in most instances, they reflect the knowledge of actual investors, rather than any nth of a kind assumptions regarding technology and feasibility

Finally, in the cases where we allow for CO2 emission offsets we used marginal cost curves developed by the U.S. Environmental Protection Agency (EPA). The RWEM already allows for “energy sector offsets” resulting from switching from fossil to non-fossil energy sources within the developed countries. We also need to allow, however, for financing of energy projects in non-annex I countries that allow firms within the annex I countries to emit more CO2. The second category of offsets consists of projects that abate greenhouse gases other than CO2, principally methane (CH4), nitrous oxide (N2O) and high global warming potential gases. The third category of offsets involves forestry and agricultural activities both domestically and internationally.
Results and conclusions
The huge deposits of unconventional oil in North America could substantially reduce dependence on imported crude, but they are of limited use under restricitve climate policies. Similarly, the developed world has substantial deposits of coal that could be used to generate electricity and/or be converted to liquid and gaseous fuels. Finally, restricting CO2 emissions will increase dependence upon natural gas for generating electricity. For North America, this raises the demand for LNG imports sourced from many of the same countries that it currently relies on for much of its oil imports, raising energy security concerns. Our analysis thus reinforces the case for relying on policies that limit the potential harmful consequences, or improve the remediation of damages, resulting from climate change.
