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1. Overview
There is a lively debate about whether standards or fuel taxation is the most effective way to raise fuel economy (FE) and reduce CO2 emissions of cars. There are several arguments in favor of each policy. Our goal is to add to the evidence by drawing from the world’s collective experience over the last thirty years in order to reach some lessons about the relative effectiveness of each policy tool. We have compiled what we believe is the most comprehensive international dataset on new-car fuel economy, covering 18 countries (US, Canada, Australia, Japan, Switzerland and 13 EU countries) and spanning a period between 1975 and 2003. Our approach was to analyze the evolution of FE in the various countries and identify the impact of standards and fuel prices on that process. We analyzed each series individually and also all the series pooled together in a panel using a reduced form dynamic model that allowed us to explore short-run and long-run impacts. We also set up a difference-in-differences specification which exploits the fact that different countries implemented standards at different times.  
2. Methods 
Our empirical strategy was to specify reduced form dynamic models in order to look for structural breaks in the process occurring around the time of the introduction of standards. The main hypothesis we tested is whether the imposition of standards causes a change in the evolution of FE. We consider two ways of modeling this. The first approach was to test for a structural break in the rate of autonomous technical process and in the responsiveness of FE to fuel prices. We specify the following equation: 
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where indices i and t denote country and time respectively. FC is expressed in liters per 100 kilometers (l/100 km), λ is the autoregressive coefficient of the dependent variable, TR is a trend, p denotes the price of gasoline expressed in Euros at 1995 prices per liter, INC is per capita GDP in Euros at 1995 prices and ε is an i.i.d. residual term. νi is a time-invariant country fixed effect that captures national particularities, and D is a dummy variable that becomes unity whenever existing FE regulations are tightened or new regulations are enacted. 
Our second approach was to specify a model where the level of fuel consumption depends directly on the FE standard, particularly the distance between this year’s standard and last year’s FC:
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To avoid biased and inconsistent estimation, we estimated both models above using the Arellano–Bond GMM estimator. To avoid a potential omitted variable bias, we also pooled the data and estimated the equations in their panel form. This is essentially a difference-in-differences (DiD) estimator which can identify the impact of standards by exploiting the fact that they were imposed at different times in different countries.
3. Results

Results from the estimation of the two equations above reveal that under a ‘with standards’ regime new-car fuel consumption in Europe and Japan has decreased at an annual rate of 0.5% and 1.3% respectively, compared to a statistically insignificant trend in the ‘no standards’ period, and has become less sensitive to fuel prices. A similar result is partly found for the US. All this provides an indication that the enactment of CAFE in the US, fuel economy standards in Japan and the auto industry’s voluntary CO2 commitment in Europe have made a difference in the evolution of automobile fuel consumption over the years. In the absence of such policies, new-car fuel consumption would not have improved at the observed rates. Furthermore, bearing in mind the worldwide increase in vehicle kilometers traveled during the last decades, total fuel consumption would also have been considerably higher in the absence of standards. 

Results from the DiD estimation show that both interaction variables are significant, though not very strongly, which confirms that a structural break appears during the first introduction of standards or the enactment of tighter standards. After this break, fuel consumption decreases at a faster rate and becomes somewhat less sensitive to fuel prices.
4. Conclusions 

The results allow us to draw three important policy conclusions. First, there seems to be sufficient evidence that if there were no FE standards or targets in force, new-car fuel economy would not have improved at the rates that have been observed in Europe and Japan in recent years, and this would most probably have happened in the US as well; as a result, transportation energy use would have increased more rapidly. Second, in order to attain the desired FE improvements without imposing any further standards or voluntary targets in Europe, fuel taxes would have to increase by 50%. Third, without higher fuel prices and/or tighter FE standards, one should not expect any marked improvements in fuel economy under ‘business as usual’ conditions. 
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