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Overview
Two regions in the United States have implemented cap-and-trade programs to regulate carbon dioxide emissions from the electricity sector. The Regional Greenhouse Gas Initiative (RGGI) was the first mandatory, market-based CO2 emission reduction program in the U.S. Since January 2009, it regulates emissions from fossil fuel-fired power plants with a capacity of 25 MW or above in nine Northeastern and mid-Atlantic states. Among the states participating in the Western Climate Initiative, California established a goal of reducing California’s greenhouse gas (GHG) emissions to 1990 levels by 2020 in the Global Warming Solutions Act of 2006 (Assembly Bill 32, or AB32). The cap-and-trade market in GHGs represents a key element of California’s climate plan. The program began on January 1, 2013, and is now in its second compliance period. It covers 600 entities responsible for about 85% of the state’s GHG emissions, including large industrial facilities, distributors of transportation fuels and natural gas, and first deliverers of electricity to the California grid. 
The two U.S. emission trading programs differ in regard to the point of regulation along the electricity sector supply chain. RGGI adopted a production–based (or source-based) approach, in which the point of regulation is at the generator level: generators must monitor and annually report their emissions, and are required to hold allowances equal to their CO2 emissions over a three-year control period. On the other hand, California opted for a first deliverer approach, in which covered entities include in-state electricity generators and electricity importers. The reason is that the state imports about 33% of total consumption from the Pacific Northwest and Southwest, and the generation mix of imported electricity is significantly different from the in-state mix, with a large share coming from coal and unspecified sources of power (California Energy Commission, 2015). Importers may report a facility-specific emission factor associated with their imported energy, if they can provide documentation that confidently traces electricity generation and emissions back to individual units; unspecified sources of power, which represent about 45% of California’s imports, are instead assigned a default emission factor of 0.428 Mton CO2/MWh. 
Bushnell, Peterman and Wolfram (2008) discuss ways in which polluters may circumvent local regulations aimed at reducing emissions from the electricity sector. The most obvious mechanism consists in shifting electricity generation from polluting plants that are subject to the regulation to plants in unregulated jurisdictions. This so-called emission leakage undermines the effectiveness of the regional policy, and may result in an overall emission increase across the unregulated and regulated regions, if power production in the former is more emission intensive than in the latter. However, when buyers are subject to the regulation, resource shuffling (or contract reshuffling) also represents a serious concern. In the case of California’s carbon market, reshuffling would occur if electricity importers rearrange their financial contracts so that production from low-emission sources is sent to California, while production from high-emission sources is diverted to other states that are not subject to the cap-and-trade program. Importers would then be able to report emission reductions, although no reduction has actually taken place. The state’s carbon market regulations prohibit resource shuffling, and list certain activities that constitute reshuffling, as well as a series of “safe harbour” provisions for electricity importers (Cal. Code Regs., 2016). 
Our study is the first empirical evaluation of the effects of California’s cap-and-trade program on electricity markets in the Western Electric Coordinating Council (WECC) region. We begin the analysis by examining the extent to which power generation and emissions leaked out of California to surrounding unregulated states since the beginning of the program in 2013. Our hypothesis is that the policy induced a reduction of power generation in California and an expansion of cheaper, but more polluting, generation in California’s neighbouring states (leakers).
Methods
Several studies have examined emission leakage in regional cap-and-trade markets for CO2 ex ante using computable general equilibrium models and simulation-based models. The potential for leakage from California’s cap-and-trade program has been studied, among others, by Chen et al. (2011), Bushnell et al. (2014) and Caron et al. (2015). Empirical analyses of emission leakage are less common, and have focused on how environmental regulation affects trade flows and the location choice of firms in the the long run (pollution haven effect) (Levinson and Taylor, 2008). Aichele and Felbermayr (2015) develop a gravity model to calculate the carbon content of bilateral trade flows for forty countries between 1995 and 2007, and find evidence that binding commitments under the Kyoto Protocol led to carbon emission leakage to noncommitted countries. Fell and Maniloff (2015) find that RGGI induced “beneficial leakage”: although the policy induced an emission increase in unregulated states, leakage resulted in a net reduction in aggregate emissions, due to expanded production from relatively cleaner power plants outside of the RGGI area and reduced generation from higher-emission sources subject to RGGI.
We conduct the first ex post empirical analysis of the impacts of California’s CO2 cap-and-trade program on Western electricity markets. This application is particularly interesting due to the specific features of this emission trading program and related concerns that the effectiveness of the environmental regulation may be undermined through either leakage or reshuffling. In the first phase of our study, we focus on leakage, and analyze the effect of the California carbon market on generation and emissions in the WECC region using a differences-in-differences approach. In our preliminary model specification, we regressed the monthly capacity factor of generating units in California and neighbouring states (Arizona, New Mexico, Nevada, Utah, Oregon and Washington) as a function of treatment dummies, fuel costs, load in the unit’s utility service territory, time and individual fixed effects. The set of control generators includes units in the remaining states that are entirely or mostly in the WECC region (Idaho, Wyoming, Montana and Colorado).
We use historical data from 2011 to 2014 from a combination of different sources. Unit-specific characteristics such as generation and nameplate capacity come from the EPA’s Continuous Emission Monitoring System (CEMS) and the WECC, respectively. Load data by utility service territory come from FERC Form 714; we identify all power plants in each utility service territory using information in the eGrid 2012 database. Unit fuel costs are proxied by spot prices at the nearest trading hub for natural gas units, and Colorado Rail coal prices (with a heat rate of 11,700 Btu/lb and a sulfur content of 0.8 lb/MMBtu) for coal units; both prices are obtained from SNL Energy. 
Preliminary results
Our preliminary results suggest some evidence of carbon leakage from the California emission trading program. Natural gas generators in California had a statistically significant reduction of about 8% in capacity factors after the introduction of the CO2 cap-and-trade program. In the leaker states, we estimate that the policy led to a 3% reduction in capacity factors for gas generators, and a 22% increase in capacity factors for coal generators (although the latter is not statistically significant). We plan on refining our empirical approach in several ways. First, our current specification does not account for plant efficiency, transmission constraints, reshuffling and the distance between California and unregulated states. Second, it is well known that the differences-in-differences estimator is based on strong identifying assumptions; thus, we are currently exploring alternative model specfications. For instance, Ferraro and Miranda (2014) show that a combination of panel and propensity matching methods yields estimations that are closest to those from randomized controlled trials. Finally, additional controls, like renewable and nuclear generation, measures for natural conditions and economic activity, may be introduced. Spatial heterogeneity due to state specific factors like different Renewable Portfolio Standards should also be accounted for in the model. 
Conclusions
[bookmark: _GoBack]This paper conducts the first empirical analysis of the impacts of California’s CO2 cap-and-trade program on Western electricity markets. Based on preliminary results of the policy’s effects in its first two years of implementation, reduced natural gas-fired generation in California was offset by increased generation from coal in the surrounding states, possibly leading to emission leakage in the WECC region. 
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