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Focus and Objective
As of the present time, 14 U.S. states have formally adopted limits on greenhouse gases (GHGs) per mile of light-duty automobiles.  These “Pavley” limits (named after California Assemblywoman Fran Pavley, whose bill establishing such limits was passed in California) require manufacturers to reduce per-mile GHG emissions 30 percent in 2016 and 45 percent by 2020.  The limits are projected to contribute importantly to these states’ overall GHG emissions-reduction goals.

The few existing analyses of the impacts of these limits do not recognize a crucial set of economic factors that can imply very different results from those found previously.  An especially important factor is the interaction between the Pavley limits and the Federal corporate average fuel economy (CAFE) standard.  In order to meet the Pavley standard, a vehicle manufacturer must improve fuel economy beyond what is required by the CAFE standard.  If a manufacturer initially facing a binding CAFE requirement meets the Pavley standard, in doing so it exceeds the Federal CAFE standard and the CAFE constraint no longer binds.  As a result, the automaker now is able to change the composition of its sales outside of the Pavley states:  it can sell more larger or low fuel-economy vehicles.  The reductions in gasoline consumption or GHG emissions in the Pavley-adopting states are thereby offset by increased consumption and emissions in other states.  Ceteris paribus, this offset (or “leakage”) is 100 percent at the margin.
  
Other factors influencing the impact of the Pavley initiative include the degree to which car buyers substitute used cars for new cars and the extent to which technological spillovers arise.  This paper develops a multi-period numerical simulation model that accounts for these and other factors in assessing the impact of the new Pavley standards on U.S. gasoline consumption and GHG emissions.  

Model Structure
Automobile Types.  The model distinguishes cars by manufacturer, age, vehicle class, and region:

· manufacturing groups:  Ford, Chrysler, GM, Honda, Toyota, Other Asian, and European

· age categories:  new, 1 year old, 2 years old, …, 18 years old

· vehicle classes:  small passenger car, large passenger car, small light truck, large light truck

· regions of registration:  adopting (Pavley) states, non-adopting (non-Pavley) states


Producer Behavior.  The specification on the production side accounts for the imperfectly competitive nature of the new car market.  Oligopolistic producers engage in Bertrand competition, setting prices of each manufactured automobile to maximize profits subject to the CAFE and Pavley constraints while accounting for the influence of their prices on consumer demand.  Producers also determine the level of fuel-economy of individual models, taking into account the cost of fuel-economy improvements and the impact of improved fuel-economy on consumer demand.  The model also contains a used car market.  The supply of used cars in a given period consists of the used cars and new cars from the previous period net of scrappage at the end of the previous period.


Consumer Behavior.  The model aims to mimic the aggregate behavior of consumers in the Pavley and non-Pavley regions, rather than the behavior of individual consumers.  Since the model aims to focus on changes in fleet composition, aggregate emissions, and aggregate costs (rather than the distribution of outcomes across consumer groups), this seems a reasonable approach.  This “macro” approach enables us to employ a continuous choice model for consumer behavior, which (compared with discrete choice models) is much more flexible.
  We employ two aggregate demand functions for consumers both within and outside the Pavley states.  Each demand function expresses the demands for the various types of vehicle, as well as (all) other goods, as a function of purchase prices and expected operating costs, where operating costs (as well as purchase prices) depend on fuel economy.  Aggregate income (to be spent on vehicle ownership and other goods) is exogenous.


Dynamics.  The model solves at yearly intervals over the simulation period 2009-2020.  The dynamics are simple.  Net of scrappage, the stock of cars of age  a  in period t  becomes  the stock of cars of age a+1  in period t+1.  Similarly, the stock of new cars in period t  becomes the stock of one year old cars in period t+1.     

Results

The model is calibrated to 2006 new car sales and price data, projected forward using expected 2009 new car sales and assuming an unchanged fleet composition. The simulations reveal the impact of the state-level GHG limits on the regional and national GHG emissions over the simulation period 2009-2020.  The model outputs include the changes in fleet composition, in the fuel-economy of individual models, and in total fleet size that underlie the changes in emissions.  Model outputs also include the economic costs of the state-level initiatives and the distribution of these costs between producers and consumers. 
We find that under the most plausible scenarios considered, the Pavley initiative leads to leakage of over 85 percent, with a central case estimate of 79 percent by 2020.  Leakage arises both from increased emissions from new cars in the non-Pavley (non-adopting) states and from changes in the used car market, caused by switching to relatively fuel-inefficient used cars and retaining (rather than scrapping) these cars longer than they would in the absence of regulation.  The adjustments in the used car market offset between 30 and 60 percent of the reduced emissions or gasoline consumption from adopting state new cars.  This used car leakage effect also occurs for a hypothetical nationwide Pavley requirement, for which the issue of regulatory overlap is not present.  The cost per gallon saved under the Pavley standard is nearly twice that for an equivalent increase in the Federal CAFE standard.

We consider the impact of the Pavley regulations under various alternative scenarios, including but not limited to:
· No within-model differentiation of fuel-economy:  If manufactures are limited in their ability to differentiate fuel economy of given models across the two regions, there will be a beneficial technological spillover. Overall leakage by 2020 (62 percent) is considerably smaller than in the central case (79 percent).
· Broader and narrower incentives:  In the central case, the Pavley limits apply to 41.5% of the national new car sales.  As more states adopt the Pavley limits, the overall leakage percentage declines, while the relative contribution from the used car market increases.

· More stringent Pavley standard:  This is a case in which the Pavley target is increases to 50 miles per gallon (MPG) by 2020, as opposed to the 42.5 MPG central case target.  This reduces leakage to 71 percent. Leakage is reduced because the more stringent Pavley standard causes CAFE to stop binding sooner and for more firms.
Conclusions

This research examines a particular example of a general issue of policy significance – namely, problems from overlapping environmental constraints.  This research examines a particular instance of a general issue of policy significance – namely, problems from overlapping environmental constraints.  Similar issues arise with the overlap of state-level renewable fuels standards with the proposed Federal Renewable Fuels Standard, and with the overlap of state-level cap-and-trade policies and a potential Federal cap-and-trade system.  The paper aims to reveal the economic and environmental outcomes under such conditions, and thereby provide information that can promote a better integration of state- and Federal-level environmental policy. 
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� The newly-introduced trading component of the U.S. CAFE regulations works toward further leakage.  It does so by increasing the number of manufacturers that will be constrained by the Federal requirements.  This is the case because manufacturers previously not constrained by CAFE may now find it profitable to sell credits up to the point where CAFE binds.  
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