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Overview

This study quantifies trends in vehicle attributes from which consumers derive utility over time. Representative characteristics include fuel economy, zero to 60 mph acceleration time, vehicle curb weight, and vehicle footprint.  Hedonic pricing models are developed for aggregated historical passenger car data, as well as for trim-level passenger car data from the 2014 model year so as to bridge the phase-in of more stringent U.S. fuel economy regulations.  The former establishes a stable trajectory for aggregated long-run technological innovation and its correlation with price. The later provides detailed insight into consumer valuation of both fuel economy and acceleration performance by vehicle footprint. 
 Whereas prior studies have done an excellent job characterizing innovation trends and technological trade-offs among vehicle attributes, the literature is lacking when it comes to analytically connecting such trends and trade-offs with vehicle prices. The long-term innovation trends suggest three critical facts. First, dramatic increases in consumer utility have been realized in a market environment in which real weighted prices have remained roughly constant since 1985. Second, technical progress has been achieved on several technical dimensions simultaneously; e.g., quicker cars with greater fuel economy. And third, estimates of economically-derived trade-offs among key attributes evolve over time and are not identical to technologically-based trade-off estimates. By comparing the elasticities of vehicle price with respect to both fuel consumption and acceleration performance, contemporary market preferences and consumer responses under current regulations are revealed.  
Methods

Vehicle characteristics, sales and pricing information comprise the primary datasets and inputs to the approaches undertaken in this study. Aggregated and sales-weighted data for new U.S. passenger car sales for the period 1978-2014 provide inputs to the long-term innovation analysis. For this study, a set of three representative parameters are leveraged to estimate the pace of technological innovation with respect to real prices. The attributes include EPA combined fuel economy in miles per gallon (mpg), 0 to 60 miles per hour acceleration time (in seconds),  and curb weight (in kgs). For the purposes of econometric analysis, fuel consumption (in L/100km) is derived from fuel economy, and used in the modelling because it represents a more direct measure of consumer utility, scaling linearly with consumer-incurred costs per distance driven (assuming constant fuel prices). While metrics for fuel consumption and acceleration are direct inputs to utility, vehicle weight is an indirect measure of utility, effectively acting as a proxy for several other dimensions of consumer utility.  Research has shown significant links between weight and a host of other subjective or nuanced indicators of utility such as aesthetic value, comfort and ride, safety ratings, and price [1,2].  Vehicle weight is often used as a regressor precisely because it implicitly represents other attributes as well [3]. 

In developing a descriptive model around any selected subset of attributes, particularly those of a purely objective nature, it is impossible to fully characterize all measures of consumer utility.  However, a set of historically traceable and quantifiable factors renders a close approximation of valid trends [4]. Indeed, the literature and this current research demonstrate that between 72 and 95% of the price can be explained by the down-selected subset of stated attributes [3].  Following is the generic log-log form of the hedonic price model used to characterize vehicle price as a function of disaggregated vehicle attributes:
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Here, Pi is the real price of vehicle i, or the manufacturer’s suggested retail price (MSRP) for 2014 data, and FCi, ACCELi, and CWTi are the attributes of fuel consumption, acceleration time, and curb weight respectively. Coefficients2 to 4 represent price elasticities for the respective independent variables. The data set used to develop long-run historical trends over the period 1978-2014 is derived from the U.S. Environmental Protection Agency (EPA)  Light-Duty Automotive Technology, Carbon Dioxide Emissions and Fuel Economy Trends [5], with sales-weighted vehicle purchase price deriving from U.S. Department of Commerce, Bureau of Economic Analysis [6].  Nominal prices were converted to 2014 bases using U.S. Department of Labor consumer price indices for all items and new vehicles separately. Contemporary trend analysis is based upon 2014 model year information, for which additional pricing information, sales volume data and vehicle specifications were derived from automaker specifications and Ward’s Auto Group [7].  
Following hedonic pricing characterization of the various data sets, estimated attribute weightings and price elasticities are compared among four distinct time periods, 1978-1996, 1997-2014, 1978-2014 overall, and 2014 alone.  In this way, consumer valuation of key attributes reveal novel trajectories which appear to be substantially impacted by prevailing regulatory constraints. The final step in the approach includes a more comprehensive analysis of the 2014 vehicle data, in which price elasticities for fuel consumption and acceleration are explored as functions of vehicle classification and footprint range. 
Results

Hedonic price modeling is applied to both to quantify macro level innovation trends and comparative market-based valuations of efficiency versus performance. Initially assuming equal weight among the representative attributes, long-run innovation generally follows a linear trend whereby “utility” has increased at about 2.7% per year, while real prices have remained relatively constant (since about 1985).  For the historical period of 1978 to 1996, the price elasticity with repect to fuel consumption was as dominant as curb weight, whereas acceleration performance had little impact on prices. However, the results suggest that since 1997, acceleration has been more important than fuel consumption in driving vehicle prices, and its elasticity has only recently begun to moderate as compared to that of fuel consumption.  
	Elasticity fn(t) (
Key Vehicle Attribute, j
	j
1978-1996
	j
1997-2014
	j
1978-2014
	j
2014

3 attribute model
	j
2014

7 attribute model

	FC
	-1.95
	-0.08
	-0.93
	-0.26
	-0.31

	ACCEL
	-0.05
	-0.41
	-0.65
	-0.70
	-0.53

	CWT
	1.95
	2.02
	0.50
	1.59
	1.40

	R2
	0.99
	0.96
	0.94
	0.72
	0.78


The table suggests that by expanding the model described in Equation 1 to capture additional attributes of consumer utility (i.e., 7 attribute model vs. 3 attribute model), error is reduced and the respective elasticities of FC and ACCEL are -0.31 and -0.53. This suggests that even in an increasingly constrained regulatory environment, acceleration may currently have up to 70% greater impact on vehicle prices than fuel consumption, fleet-wide. 
Conclusions
Vehicle consumers have benefited greatly from decades of technological innovation with little increase in real prices. Long term historical and near term hedonic pricing analyses are useful tools in quantifying revealed consumer valuations of fuel consumption and other measures of utility. Of particular interest are trends in these valuations during periods of varying regulatory constraint. The research is useful in quantifying comparative valuations in fuel consumption and acceleration performance, confirming that the trade-off estimates are a strong function of time and are not 1:1. Further investigation into relative price elasticities as a function of vehicle footprint suggests that many consumers of mid-size cars have a much greater willingness to pay for acceleration than fuel consumption. Such findings have important implications on the economic practicability of federal standards for certain vehicle classifications, and the subsequent likelihood of complying with future requirements. 
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