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Overview

Due to its rising global share of carbon emissions, transportation is a highly significant sector if the world wants to make progress in limiting fuel consumption and mitigating climate change. The most widely discussed policy instruments for this purpose are fuel economy standards, which aim to induce technological progress in vehicle manufacturers, and fuel taxes, which intend to discourage people from purchasing and using cars that consume too much fuel. A third policy option, currently under serious consideration in Europe, is the change in the taxation system of motor vehicles, so that, among several available car models, consumers are encouraged to purchase those models with the lowest CO2 emissions. Most European Union countries have currently put in place a CO2-based component in their calculation of vehicle taxes – either as a part of registration taxes, paid when a car is purchased, or of circulation taxes paid annually by each vehicle owner. OECD (2009) provides an overview of the CO2-based taxation schemes implemented before the end of year 2009 by individual countries. However, little detailed research has been conducted at European level up to now, so that neither ex-ante nor ex-post evaluation of these schemes exists so far.
The aim of this paper is to evaluate the environmental and economic effects from the implementation of a ‘feebate’ system, in which consumers receive a rebate when purchasing low-CO2 cars or incur an additional fee when purchasing a high-CO2 car. To do this, we develop a discrete-choice consumer demand model for automobiles, estimated using a detailed dataset of car data for a number of European countries. We apply this model in the case of the German car market and simulate the effects from the adoption of different feebate levels on CO2 emission levels of new cars sold in Germany, consumer welfare, public revenues and automobile firm mark-ups.
Methods

We employ state of the art methods of estimating discrete-choice models of product differentiation in an oligopolistic market. These techniques enable structural estimation of demand for differentiated products. The utility of buying an automobile depends on its price, their observed characteristics (such as engine size) and their unobserved characteristics. That is, the utility depends on the characteristics of the car. Under certain standards assumptions, one arrives at the Simple Multinominal Logit model. It is well known that the distribution of this model yields unreasonable substitution patterns among products. In order to overcome these patterns, Berry (1994) proposed the nested multinominal logit model and Berry, Levinsohn and Pakes (1995) developed their random coefficient model known as the BLP model.  The last two models allow for heterogeneity among consumers and are the ideal models to be used for this study.

We choose to use the nested logit in this paper due to its simplicity as it allows for linear estimation techniques which can be employed for multiple policy simulations without a large computational burden. In this way it might also be possible for governmental authorities to have several scenarios available in order to decide the desired CO2-based tax depending on actual national tax regimes. The nested logit model assumes that products are grouped in different categories within one or more nests; in the case of automobiles, the nest comprises several categories of cars grouped according to body type, fuel type and engine size (e.g. diesel-powered sedan cars with engine size ranging from 1.6 to 2.0 liters). Consumers are identical within each group but different from one group to another. On the supply side the basic equation is derived by profit maximization of the firm. 

For the empirical implementation of the model, a large dataset is necessary that should include, for each model sold in a country in a given year, several vehicle attributes as explanatory variables of consumer decisions as well as sales numbers and retail automobile prices. For this purpose, data were obtained from JATO Dynamics, a company that specialises in the collection of automotive data worldwide. For each one of a few hundred models or model versions per country every year, the dataset contains 17 distinct vehicle attributes such as vehicle weight, engine size etc., sales volume and sales price, for allmodels sold in the German automobile market during the period 1998-2008.
By estimating a discrete-choice model of product differentiation that allows for heterogeneity among consumers, it is possible to estimate consumer welfare, public revenues, firm markups and CO2 emissions. We then proceed with simulating a change in the tax regime through the introduction of a feebate system, in order to find the simulated prices faced by the consumers and the simulated shares of each automobile. This can be done in two steps. In a first step, the taxation based on a car’s CO2 emission levels will affect the final prices faced by the consumers. If firms decide not to change their markups, the alternative tax will pass through by 100% to the final prices, or else, the pass-through will be different for each car model.  We examine both cases. In a second step, prices under the alternative tax regimes will affect consumer choices and hence the shares of a given car model will change. Under the simulated prices and simulated shares, it is then possible to assess consumer welfare, public revenues, firm mark-ups and emissions under the alternative CO2 tax scenario and compare them with the actual ones. Fershtman, Gandal and Markovich (1999) use this procedure to examine a per-car tax and a tax based on engine size using data from the automobile market of Israel.

Results

To estimate automobile demand or (jointly) demand and supply it is necessary to address the endogeneity of prices and sales shares. For this reason we use instrumental variables (IV) methods. First we report the results of this estimation procedure for the German automobile market, showing also results of the appropriate tests for instrument relevance and overidentification. Then we present the results of several policy simulations conducted with different levels, pivot points and functional forms of the feebate. The simulated changes in car prices and sales shares differ greatly and nonlinearly as a function of feebate stringency, i.e. depending on how much high-CO2 cars are ‘punished’  and low-CO2 cars are ‘rewarded’. We show the trade-offs between changes in CO2 emissions and consumer welfare, and between changes in CO2 emissions and public revenues, arising from these policy exercises.
Conclusions

This paper describes a model of oligopolistic competition in markets with differentiated products, simulating demand and supply under alternative tax regimes in the car market. It is applied using detailed sets of car data from the German car market. At a time when European countries increasingly adopt a CO2-based element in the calculation of their vehicle taxes, the model described in this paper constitutes a tool for the evaluation of real-world policy options. It is particularly important that the model can simulate shifts in market shares as a result of different taxation regimes, as car taxation policies seem to have been designed in many cases without a sound analysis of consumer response to these policies. Our results highlight the importance of designing a feebate system properly in order to ensure its environmental effectiveness without compromising seriously consumer welfare and public finances. 
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