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Overview

Cap-and-trade emission permit systems that allow permits to be traded across compliance periods (intertemporal emissions trading
or bankable emission permit trading) are witnessing growing regulatory interest as a cost-effective way to reduce total emissions.
The U.S. sulfur dioxide (SO,) emission trading program is one of the first, and by far the most extensive application of bankable
emission permit trading. Under Title IV, firms are not only allowed to transfer allowances for emissions of SO, between facilities,
but also to bank them for use in future years. The implementation of Title IV happens to have coincided with electricity
restructuring which introduced dramatic uncertainty into the electricity market. In this paper, | explore the effects of increased
electricity price volatility on firms’ emissions trading behavior. | also revisit the oftern considered regulatory insturmetns choice
between taxes and quotas and discuss implications for climate policy.

This paper makes two specific contributions. First, | introduce uncertainty into the intertemporal emissions trading model, which is
theoretically more interesting and empirically more relevant. In this model, a firm decision regarding permit trading is an ex ante
choice in the sense that optimal emissions and permit banking decisions depend not only on current output and input prices, but
also on expectations of future prices. Second, | empirically test the theoretical prediction. To the best of my knowledge, this is the
first study that quantitatively estimates the effects of uncertainty on emissions trading based on actual market data. Although the
analysis is conducted in the context of the U.S. SO, allowance trading program, the model is flexible enough to be extended to
other intertemporal trading initiatives, such as the global carbon trading, for which uncertainty is a prevalent feature in many of the
policy parameters.

The paper is organized as follows: Section 2 provides background on the U.S. SO, allowance trading program; Section 3 analyzes
the impact of electricity restructuring on the allowance market; Section 4 develops a firm model of intertemporal emissions trading
and derives the relationship between emissions banking and uncertainty; Section 5 and 6 present the empirical and numerical
models and the estimation results. Section 7 concludes the paper.

Methods

1. Stochastic Dynamic optimization
2. Econometric Analysis
3. Numerical Simulation

Results

| prove analytically that the permit price, as well as firm’s marginal abatement costs, are convex functions of the electricity price.
Assuming risk neutrality and a competitive permit market, a mean-preserving increase in electricity price volatility would
decrease ex ante emissions, and increase industry-level allowance banking. The results hold with or without perfect competition in
the electricity market.

Empirical analysis shows that a one-percent increase in electricity price volatility measured by annualized standard deviation of
percentage price change is on average associated with a 0.88% decrease in annual emission rate. Overall, electricity restructuring
may explain 8-11% of the total amount of banked allowances during Phase | of the SO, trading program.

Numerical simulation suggests that high uncertainty may generate substantial initial compliance costs, thereby deterring new
entrants and reducing enomic efficiency; sharp emission spikes are also more likely to occur under high uncertainty scenarios.
When a pollutant creates convex flow damage, the dispproprotionate distribution of emissions could dramatically increase health
hazards.



Conclusions
A tradable quota system that allows banking creates incentive for early carbon emissions abatement and generates substantially
greater environmental benefits than a tax schedule.

To estabalish a robust and effective banking regime, a hybrid approach that combines a tradable quota system with safety
measures such as restricting the intertemporal trading ratio and/or applying discount to banked peremits is suggested. For SO,
allowance trading, the government may also consider incorporating multiple polluting industries into a national trading program so
that uncertainties facing one industry can be diversified, and the importance of building up a bank to buffer unexpected price
strikes can be reduced.
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