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1. Overview

In view of its major and still rising share of aggregate greenhouse gas (GHG) emissions transportation has come under increasing political pressure to be integrated into a future climate policy regime. Thus, the European Commission has proposed legislation limiting the specific emissions of passenger cars to 130 grams CO2 per kilometre by the year 2012. 
Such vehicle emission standards as well as the closely related fuel economy standards strive for a reduction of GHG and for a diminishment of oil dependencies by means of mandatory carbon efficiency improvements. The necessity for mandatory vehicle emission standards is claimed to be the consequence of a failure in inducing intended behavioural changes through the transmission of price signals. Consumers are assumed to act myopic when purchasing durable energy consuming goods, here by not taking future fuel costs appropriately into account [see e.g. Moxnes (2004), Antonides /Wunderink (2001), Kooreman (1995)]. In addition, uncertainty about future fuel and carbon costs as well as lacking credibility of climate policy may support procrastination of investments in fuel efficiency technologies on the part of the automobile manufacturers. 
There exists a broad literature examining the efficiency and effectiveness of fuel economy standards, basically focusing on the Corporate Average Fuel Economy (CAFE) regulations in the USA, which were already introduced in 1975 [e.g. Parry / Walls / Harrington (2007), Fischer / Harrington / Parry (2007), Kleit (2004), Greene (1998)]. However, their appraisal and the answer to the question whether vehicle emission/fuel economy standards or financial incentives are preferable is ambiguous. Ellerman / Jacoby / Zimmerman (2006) have examined possible approaches to integrate the CAFE standards with a cap-and-trade system for GHG. 
Yet, the question how vehicle emission standards should be designed in detail has been widely disregarded so far. This applies in particular to whether and, if affirmed, which reference parameters should be employed for determining specific emissions standards for different vehicle types. Such reference parameters should represent the differences in the marginal abatement cost curves of different vehicles and are used in order to enhance the (static) efficiency of the regulation by harmonizing the marginal abatement costs. 
This paper provides an analysis of the crucial design issues for a successful implementation of vehicle emission standards, rather than providing a general comparison of vehicle emission standards with other potential climate policy instruments. In the light of the derived results the current legislation proposal of the European Commission on vehicle emission standards will be subject to a critical assessment.
2. Methods

We first analyze the market failures arguments to justify the employment of emission standards. General assets and drawback of this policy approach are highlighted. A particular focus is set on a scheme of specific emission targets based on the use of a reference parameter. By means of a straightforward microeconomic model – modeling the abatement decisions of a vehicle manufacturer – the impact of employing reference parameters on the efficiency properties of the regulation is assessed. After laying the theoretical foundations various potential reference parameters (e.g. curb weight, “footprint”, rated power output, vehicle volume) are evaluated with respect to their economic appropriateness and practical feasibility. Finally, the basic design options – uniform standards, vehicle specific standards, tradable standards, and the top-runner-approach – are examined, and recommendations for the concrete design of the coming European vehicle emissions standards will be derived. 

3. Results
A tight physical correlation between the reference parameter and vehicles’ fuel consumption can enhance the static economic efficiency of performance-based standards compared to uniform standards, i.e. a given target for the average fuel economy/CO2-emissions per km is achievable at lower aggregate abatement costs. However, the option of adjusting the reference variable, e.g. a weight reduction, in order to abate CO2-emissions will be devaluated by linking the specific emission target to the level of the reference parameter. In consequence, the marginal abatement costs of the different measures to reduce a vehicle’s fuel consumption diverge; a first best solution with equalized marginal abatement costs is not attainable. Other reduction options have to be employed to an extent exceeding the optimum so as to compensate for the weakened incentive to adjust the value of the reference variable. 
This drawback becomes even more relevant under a scheme of tradable standards as individual emission targets are not required anymore in order to take the diverging marginal abatement costs of different vehicle types into account. In that case – and in contrast to inflexible standards – it holds that the tighter the physical correlation between the reference parameter and the fuel consumption the greater the welfare loss, and that the stronger the regulatory link between the reference parameter and the specific emission targets the greater the loss in social welfare. 
4. Conclusions
Vehicle emission standards are an effective means of improving the fuel economy of automobiles and thereby reducing their CO2-emissions, though they do not allow for a precise control of absolute CO2-emissions. They are a feasible instrument to overcome supposed market failures in the automobile market, which prevent the market from producing more fuel efficient vehicles. An appraisal regarding their economic efficiency properties strongly depends on the concrete design issues. 
A uniform standard for all vehicles – the variant allowing for the most precise control of emissions per kilometer – causes excessive reduction costs and is politically not feasible due to its distributive effects. Regulation that sets vehicle specific emission targets according to a certain reference parameter takes differences in the marginal abatement costs of different vehicle types into account, but hampers a cost minimizing combination of available technological reduction measures and may have adverse effects on the vehicle design. Hence, one has to eye the current proposal of the European Commission with skepticism as the used limit value curve determines specific targets according to the vehicle weight.
The most efficient implementation option of vehicle emission standards – in terms of static economic efficiency as well as dynamic efficiency – is a scheme of tradable emission reduction credits, which gives maximum flexibility to the manufacturers. In order to fully exploit its efficiency properties the initial credit endowments should be independent of any design characteristics of the respective vehicle; otherwise abatement decisions of the manufacturers will be biased. A potential approach to cope with undesired distributional effects is to grant manufacturers with relatively emission-intensive vehicles initial emission endowments based on past average CO2-emissions of their fleet, which should converge over time.
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