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Overview
This paper examines the effects of emissions allowances allocation schemes on the extent of the GHG (greenhouse gas) leakage and the contract shuffing. Two allocation methods are considered – grandfather and output-update. Whereas grandfathering separates future allowances allocation from today's decisions, the output-based approach links the future awarded allowances to today's output level. The latter effectively subsidizes generators' production costs, encourages more output and consequently elevates GHG allowances prices in current period. In this paper, we first analyze the effect of output-update allocation on the leakage and shuffling using a stylized duopoly model, which abstracts from details of point-of-regulation. A single-stage computable model, which allows representing source-, load and first-seller programs, is then applied to examine the implications. The latter model is equivalent to a two-stage formulation with perfect foresight. Our results suggest that the magnitude of GHG leakage is inversely associated with per MWh of the future allowances awarded for today's output. The power prices under output-update approach could be either higher or lower compared to the grandfathering. Yet, the equivalence among source-, load-based and first-deliverer approaches remains valid only under certain conditions. 
Methods
Equilibrium modelling of electricity markets through complementarity problems. 

Results
Our results suggest that majority of in-state emissions reduction could still be due to contract shuffling. However, the leakage could be to some extent mitigated by the output-update allowances allocation scheme. The level of leakage is negatively related to the update parameter. Yet, the equivalence theorem established before in Chen et al. (2008) are not valid when the update parameter becomes larger. 
Conclusions

We extend the previous analysis in the literature to consider how might the output-update allowances allocation that have been in favor by the California Public Utility Commission might affect CO2 emissions leakage in general. We first examine the principles using analytical tractable duopoly setting. This theoretical analysis suggests that output-updated allocation could mitigate GHG leakage by encouraging in-state generation from clean sources. However, the impact on electricity prices is inconclusive and dependends on relative emission rates, update parameter and tightness of the emission cap.These conclusions are then tested using the computable models that allow flexibility in embodying different point-of-regulation.
References
James Bushnell (2007): “The implementation of California AB32 and its impact on wholesale electricity markets,” Technical Report WP-170, University of California Energy Institute.
Yihsu Chen, Andrew L. Liu, and Benjamin F. Hobbs (2008): “ Economic and emissions implications of loadbased, source-based and first-seller emissions trading programs under California AB32,” Working paper EPE—022, University of California Energy Institute.
Market Advisory Committee (2007): “Market Advisory Committee to the California Air Resources Board: Recommendation for desgining a greenhouse gas cap-and-trade system for California.”
Richard W. Cottle, Jong-Shi Pang, and Richard E. Stone (1992): “The Linear Complementarity Problem,” Publishing house: 
Academic Press: Boston.


































