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Abstract 
 
 
 

PUBLIC POLICIES FOR HYBRID-ELECTRIC VEHICLES: THE IMPACT OF 
GOVERNMENT INCENTIVES ON CONSUMER ADOPTION 
 
David B. Diamond, PhD 
 
George Mason University, 2008 
 
Dissertation Director: Dr. Philip E. Auerswald 
 
 
 
This dissertation examines the outcomes and effectiveness of public policies designed to 

promote the adoption of hybrid-electric vehicles (HEVs). As a primary methodology, I 

employ cross-sectional analysis of hybrid registration data over time for U.S. states and 

Virginia municipalities to examine the relationship between hybrid adoption and a variety 

of socioeconomic and policy variables. I also compare hybrid adoption patterns over time 

to the U.S. average for specific states that have changed incentive policies, to determine 

whether these policy changes are consistent with significant changes in adoption patterns. 

The results of these analyses suggest a strong relationship between gasoline prices and 

hybrid adoption, but a much weaker relationship between incentive policies and hybrid 

adoption. Incentives that allow hybrids to access High Occupancy Vehicle (HOV) lanes 

with only one occupant may also be effective in promoting adoption, but only under 

specific circumstances and with the potential for significant unintended consequences. 

 



 

1 

 

 

1. Introduction 

 

 Consumer interest in Hybrid Electric Vehicles (HEVs) has risen steadily in recent 

years in response to rising fuel costs and increased concern about pollution and 

greenhouse gas emissions. Hybrid vehicles utilize the same gasoline fuel infrastructure as 

conventional Internal Combustion Engine (ICE) vehicles, yet represent a distinct 

technology improvement that can provide greater fuel economy and reduced emissions 

for equivalent vehicle performance. HEVs face the same barriers to diffusion as any new 

cost-saving technologies, such as high initial unit costs, lack of knowledge by potential 

adopters, high discount rates for future cost savings and low consumer risk tolerance 

(Jaffe and Stavins 1994; Stoneman and Diederen 1994; Argote and Epple 1990). As an 

energy efficiency technology, HEVs also address positive externalities associated with 

resource management, the environment and energy security, which are not taken into 

account by the market (Jaffe and Stavins 1994). The presence of these externalities 

presents an economic argument for potential government intervention, yet it leaves open 

the question of the most efficient and effective avenue(s) for government action. Federal, 

State and Local Governments have offered tax deductions, credits, fee reductions and 

HOV lane privileges to HEV owners (State and Federal Incentives and Laws 2007). 

Despite the proliferation of these incentive programs, it is still unclear how effective they 

actually are in promoting hybrid vehicle demand compared to other economic and social 
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factors. As hybrid sales increase, it is important for policymakers to understand these 

relationships in order to judge the effectiveness of current incentive policies and 

determine the best options for future policy design. 

 To that end, this dissertation explores the determinants of hybrid vehicle adoption 

and examines the following research questions:  

 

• What is the impact of government incentive policies on HEV adoption by 

consumers? 

• How does the effect of incentive policies compare to other significant 

socioeconomic factors? 

• How can policymakers improve on current incentive schemes to better align 

policies with socially beneficial outcomes and avoid unintended consequences?  

 

 As a primary methodology, I employ cross-sectional analysis of hybrid-electric 

vehicle registration statistics over time from each U.S. state and for each city or county in 

the state of Virginia to test the relationship between hybrid adoption and a variety of 

socioeconomic and policy variables. I also compare hybrid adoption patterns over time to 

the U.S. average for specific states that have changed incentive policies, to determine 

whether these policy changes are consistent with significant changes in adoption patterns. 

I use data on hybrid registrations from two principle sources: monthly hybrid registration 
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statistics for each U.S. state from 2001 though May 2007, provided by RL Polk & Co1, 

and a separate dataset of detailed registration statistics for every hybrid titled in Virginia 

as of April 2007. Using these datasets, I construct statistics on hybrid market share (i.e. 

new hybrids as a percentage of all new vehicles for a certain time period) for each U.S. 

state and each city and county in Virginia. 

 The results of these analyses show that relative gasoline price is the strongest 

predictor of market share among U.S. states, while several other variables are also 

significant. At the same time, the analyses show little support for a strong relationship 

between market share and monetary incentives among U.S. states, although policy 

changes in certain states appear to have had some effect on adoption patterns. The 

analysis of hybrid adoption in Virginia indicates that the state’s incentive policy allowing 

hybrids on Virginia HOV lanes has had a strong effect on hybrid sales, but only in certain 

geographic areas and with a significant potential for unintended consequences. These 

results suggest several conclusions and recommendations for policymakers. 

 While I focus on evaluating incentive policies for hybrids, it is important to note 

that this dissertation is not intended to be an endorsement of HEV technology over other 

fuel efficiency and alternative fuel options for automobiles. Rather, it is intended to 

provide a positive analysis of the impact of existing incentive policies for hybrids on 

consumer adoption, given decisions by policymakers to implement those policies. 

Likewise, the recommendations and conclusions that stem from my analyses are focused 

on improving incentive policies for HEVs, to strengthen their impact and avoid 

                                                 
1 The analyses and results expressed herein are those of the author and do not reflect conclusions derived by 
R. L. Polk & Co. 
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unintended consequences. However, most of the insights about incentives for HEVs are 

also applicable to policies that promote the adoption of other potentially socially 

beneficial automotive technologies. While I discuss the potential for positive social 

benefits (as well as unintended consequences) from promoting the adoption of hybrids, I 

also stop short of conducting a detailed ex-ante social benefit-cost analysis for HEV 

incentive policies. 

 The remainder of this dissertation is organized as follows. In Chapter 2, I provide 

a background on HEV technology, noting certain characteristics that have implications 

for policy. I also discuss competing and complementary vehicle technologies. In Chapter 

3, I review the economic basis for government incentives for HEV adoption and describe 

past and current government incentive schemes. In Chapter 4, I look at hybrid sales over 

time on a national level, noting the limitations of using national-level data for policy 

analysis. In Chapter 5, I develop the cross-sectional model for hybrid adoption that I will 

use in the following analyses. In Chapter 6, I use the cross-sectional model to perform a 

series of regressions on annual state market share for three hybrid models – the Honda 

Civic Hybrid, Toyota Prius and Ford Escape Hybrid. In Chapter 7, I look at monthly 

hybrid sales patterns in several individual states that have changed incentive policies, to 

determine whether these policy changes coincided with a change in adoption patterns 

compared to the national average. In Chapter 8, I provide a detailed case study and 

regression analysis of hybrid adoption patterns in Virginia, to explore the impact of the 

state’s HOV incentive for hybrids. In Chapter 9, I discuss general observations, 



 

 5

conclusions, implications for policymakers and extensions of this work to incentive 

policies for other types of potentially socially beneficial technologies. 
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2. Technology Background 

 
 
 

2.1 Hybrid-Electric Technology Overview 

 Hybrid-electric vehicles combine a gasoline engine with an electric motor and 

battery to provide power to a vehicle’s drive train. Despite the additional weight of the 

electric motor and battery, a typical hybrid is still considerably more fuel efficient than a 

non-hybrid gasoline vehicle of equivalent size and performance.  

 According to a Department of Energy (DOE) primer on HEVs, hybrids generally 

employ the following technologies: 

• “Regenerative Braking. The electric motor applies resistance to the drive train 

causing the wheels to slow down. In return, the energy from the wheels turns the 

motor, which functions as a generator, converting energy normally wasted during 

coasting and braking into electricity, which is stored in a battery until needed by the 

electric motor. 

• Electric Motor Drive/Assist. The electric motor provides additional power to assist 

the engine in accelerating, passing, or hill climbing. This allows a smaller, more 

efficient engine to be used. In some vehicles, the motor alone provides power for low-

speed driving conditions where internal combustion engines are least efficient. 
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• Automatic Start/Shutoff. Automatically shuts off the engine when the vehicle 

comes to a stop and restarts it when the accelerator is pressed. This prevents wasted 

energy from idling. (How Hybrids Work 2007)” 

 

 The combination of the regenerative braking system and electric motor are the 

essence of the hybrid’s fuel economy gains. They provide a means of recapturing the 

energy lost from braking, which is not possible with only an internal combustion engine, 

and take advantage of the most efficient operational modes of both the engine (high speed 

cruising) and motor (low speed driving and acceleration).  

 HEVs are further classified according to how these components are employed and 

arranged. One common distinction is between a parallel or series hybrid. In a parallel 

hybrid, both the electric motor and gasoline engine can both provide power to the wheels 

(via the transmission) simultaneously. In a series hybrid, only the electric motor supplies 

power to the transmission to power the car, but this motor may be powered either from 

the engine (via a generator) or from the battery. The battery, in turn, receives a charge 

either from the generator (i.e. the engine) or the regenerative breaking system (Layton 

and Nice 2007). Both parallel and series hybrids provide flexibility between the engine 

and electric motor, but series hybrids may ultimately offer greater fuel efficiency gains 

and facilitate the substitution of another power source – such as a fuel cell – for the 

internal combustion engine. Currently, all HEVs on the consumer mass market utilize a 

parallel hybrid system.  
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 A further distinction among parallel hybrids is between a “full” or “mild” system. 

In a mild hybrid, the engine always operates (except when the automatic stop feature is 

employed with the vehicle at a complete stop), with the electric motor providing 

additional power during acceleration. A mild hybrid system allows the use of a 

regenerative breaking system and the employment of a smaller, more efficient gasoline 

engine than normal, but still does not allow for all-electric operation of the car at slow 

speeds, when the electric motor is most efficient compared to the engine. A full hybrid 

system, on the other hand, allows the motor (powered by the battery) to propel the car at 

low speeds without the engine operating (How Hybrids Work 2007). The size and 

maximum power rating of the motor determines the maximum speed at which the car can 

operate with the gasoline engine off.  Mild hybrids generally provide greater fuel 

economy gains in highway driving, while full hybrids provide the most dramatic gains in 

slow-speed city driving.  

 Table 1 shows the fuel economy and type of hybrid technology employed by most 

hybrid models available in 2007, in order of combined Environmental Protection Agency 

(EPA) city/highway fuel economy ratings (Fuel Economy Guide 2006; Fuel Economy 

Guide 2007): 
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Table 1: Comparison of existing hybrid technologies 
Type of 
vehicle 

Make Hybrid Model Type of 
Hybrid 
System 

Combined 
EPA Fuel 
Economy 

(mpg)2 

Equivalent 
Gasoline 

Model Fuel 
Economy 

(mpg) 

Hybrid 
Fuel 

Economy 
Gain over 
Gasoline 
Model  

Gallons of 
Gas Saved 
Over 15k 

Miles 

Honda Insight3 Mild 60 N/A N/A N/A 
Toyota Prius Full 55 N/A N/A N/A 
Honda Civic Full 50 33 52% 155 
Toyota Camry Full 39 27 44% 171 
Nissan Altima Full 36 29 24% 101 
Honda Accord Mild 31 28 11% 52 
Saturn Aura Mild 30 24 25% 125 

Car 

Lexus GS 450h Full 26 21 24% 137 
Ford Escape 

FWD 
Full 34  24 42% 183 

Ford Escape 
4WD 

Full 31  22 41% 198 

Toyota Highlander 
2WD 

Full 29 24 21% 107 

Toyota Highlander 
4WD 

Full 29 22 32% 165 

Lexus Rx400h 
2WD 

Full 29 22 32% 165 

Lexus Rx400h 
4WD 

Full 29 21 39% 197 

SUV 

Saturn Vue Mild 29 21 38% 197 
Chevy Silverado 

2WD 
Mild 19  19 0% 0 Trucks 

Chevy Silverado 
4WD 

Mild 19  17 6% 50 

 

 

  The table illustrates that both mild and full hybrid systems can provide dramatic 

overall performance gains, particularly when coupled with other fuel saving features such 

as a continuously variable transmission, automatic start/shut-off, and low rolling 

resistance tires (Layton and Nice 2007). Additionally, while full hybrid systems generally 

provide greater fuel savings, the type of hybrid system can not be used as a categorical 

                                                 
2 Fuel economy ratings are those assigned during the original model year. The Department of Energy also 
provides adjusted ratings using the 2008 EPA testing guidelines, which are lower than the original figures.  
3 2006 Model, discontinued for 2007 model year 
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indicator of relative fuel economy. For example, the first hybrid model sold in the U.S., 

the Honda Insight, employed a mild hybrid system but was still classified by the EPA as 

the most fuel efficient gasoline vehicle on the market through 2006, the last model year it 

was manufactured. Honda’s 2002-2005 Civic Hybrid was also a mild hybrid, but its 

combined (i.e. highway and city) gas mileage rating (48 mpg) was the same as the full 

hybrid 2001-2003 Toyota Prius with nearly identical size and performance (Fuel 

Economy Guide 2003). In practice, however, the term mild hybrid is often used to 

describe larger hybrid models with lower overall fuel efficiency (such as the Honda 

Accord Hybrid or Lexus Hybrids), as well as vehicles that use an electric motor only for 

automatic engine start/shut-off and employ no motor assistance during acceleration. 

 Another, even less rigorous, means of classifying HEVs relates to the purpose for 

which the hybrid system is employed. In the earliest hybrid models – the Honda Insight, 

Honda Civic Hybrid and Toyota Prius – the hybrid system increased fuel efficiency at the 

expense of overall horsepower. In some later models, such as the Honda Accord Hybrid 

and Lexus Rx400h, the hybrid system achieved only modest fuel economy gains over the 

equivalent conventional model but provided superior performance in terms of horsepower 

and acceleration (Ulrich 2005). The Lexus LS600h Hybrid, scheduled to go on sale in 

2008, offers fuel economy ratings of only 21 mpg, two miles per gallon above the 

equivalent LS460 L, but provides 58 additional horsepower (Sabatini 2007). Thus, these 

hybrid models are sometimes labeled as “muscle” or “performance” hybrids, regardless 

of whether they employ a mild or full hybrid system. 
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 The discussion above illustrates both the variety of ways that automobile 

manufactures can employ hybrid-electric technology and the difficulty in neatly aligning 

HEV technical classifications with fuel economy ratings (not to mention pollution 

ratings, which vary from state-to-state even among identical hybrid models). Beyond this 

difficulty, table 1 also illustrates the discrepancy between ranking hybrids based on 

absolute fuel economy versus the improvement in fuel economy over an equivalent 

gasoline vehicle. While the hybrid models that achieve the most impressive absolute fuel 

economy – such as the Prius, Civic and Insight – are all cars, the vehicles with the most 

impressive annual fuel savings over their conventional equivalents are all sport utility 

vehicles (i.e. light trucks). This discrepancy occurs because non-hybrid light trucks tend 

to consume more fuel per mile than cars to begin with, so hybrid light trucks, on average, 

require smaller percentage fuel economy gains over their equivalent non-hybrid models 

than cars for the same amount of fuel saved per mile. Later, I will discuss the 

implications of these issues for designing incentive policies for hybrids that are actually 

aligned them with social benefits of vehicle adoption.  

 

2.2 Competing and Complementary Technologies 

 HEV technology is not the only means of increasing the fuel efficiency of 

automobiles, and hybrids need not run only on gasoline. Diesel fueled vehicles are 

currently the most commercially viable alternative to gasoline fueled internal combustion 

or hybrid-electric vehicles. Small and midsize diesel cars offer fuel efficiency ratings that 

are approximately 50% higher than non-hybrid gasoline vehicles of equivalent size and 
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acceleration, similar to the fuel economy gains achieved via hybrid-electric technology 

(Burke 2004). Diesels are also less complex (and hence less costly to manufacture and 

maintain) than hybrids, although they are still generally priced higher than equivalent 

gasoline powered models. In Europe, diesel market share (diesel sales as a percentage of 

all passenger vehicle sales) has increased steadily over the last decade, reaching 50% 

market share in the European Union in 2006 (Share of Diesel 2008). The main obstacle to 

diesel adoption in the United States has been the inability to meet stringent California and 

Federal emissions standards for Nitrous Oxide (NOx) and particulate emissions. Current 

generation diesel engines designed to run on fuel with high sulfur content produce NOx 

and particulate levels that are 10-20 times greater than in equivalent gasoline engines, 

even though these same diesel vehicles produce fewer hydrocarbons (i.e. greenhouse gas 

emissions) per mile than equivalent gasoline models (Burke 2004). However, recent 

mandates for low sulfur diesel fuels in both the U.S. and Europe will allow for the 

incorporation of additional technologies to reduce NOx and particulate emissions, and 

allow auto manufacturers to produce diesels meeting emissions standards in all 50 states. 

Major automobile manufacturers, including Mercedes, Volkswagen, Audi, Honda, and 

Nissan all have announced plans to introduce these “clean” diesels in the U.S. in the next 

few years (Valdes-Dapena 2007). 

 In addition to diesels, other alternative fuels technologies such as hydrogen, 

compressed natural gas and all-electric propulsion offer the potential for lower fuel cost, 

pollution and green-house gas emissions per mile than conventional gasoline vehicles. 

However, widespread adoption of most alternative fuel technologies for passenger 
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vehicles would require the development of an infrastructure for the production, 

transportation and distribution of the fuel (Ogden 2004).  

 All-electric vehicles, which are propelled by an electric motor powered by a 

rechargeable storage battery, offer the potential for low-cost propulsion using the existing 

electric grid and generate near-zero emissions from the actual operation of the vehicle. 

However, all-electric vehicles still produce emissions indirectly via the generation of the 

electricity used to recharge the battery, and their performance is limited by current Lead-

acid and Nickel-metal hydride (NiMH) battery technology. One of the most notable 

massed-produced all-electric cars, General Motors’ EV1 (offered for lease in California 

from 1996 to 2003), used a Lead-acid battery and had a cruising range of less than 100 

miles between charges (Edwards 2006).  Other models offered during that timeframe by 

Honda and Toyota used NiMH batteries and had similar limitations. While sufficient for 

daily commuting or neighborhood use, the limited range of most all-electric vehicles 

produced to date rendered them impractical for use as a primary vehicle for most 

consumers. Lithium ion battery technology offers the potential for dramatically 

increasing the range of all-electric vehicles in the future, but safety concerns and the high 

cost of producing these batteries currently limit electric cars largely expensive prototypes 

or short-range neighborhood vehicles (Voelcker 2007). Tesla Motors recently introduced 

a limited production electric roadster with a range of 220 miles and performance rivaling 

most high-end sports cars, but at a base price of over $98,000 it is out of reach for most 

consumers (Telsa Motors Website 2008). 
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 While all hybrid models currently offered by major automobile manufacturers are 

based on gasoline engines, the main components of hybrid technology can be 

incorporated into any type of alternative fuel vehicle to recapture lost braking energy. 

Ogden (2004) compared theoretical per mile fuel costs and societal lifecycle (including 

environmental externalities) costs for different types of alternative fuel vehicles and for 

combinations of hybrid-electric technology with internal combustion engines powered by 

gasoline, natural gas, hydrogen and diesel fuel. She notes that diesel-electric hybrids had 

the lowest fuel costs of any of the vehicles compared, while compressed natural gas 

hybrids had the lowest societal lifecycle costs. While her calculations are extremely 

sensitive to relative changes in price of the different fuels and were based on 1999 fuel 

prices and pollution valuations, her findings demonstrate the potential for hybrid-electric 

technology to significantly increase the efficiency of vehicles using a wide variety of 

alternative fuels. 

 Another promising combination of hybrid-electric technology with other 

alternative fuel technologies is the Plug-in Hybrid Electric Vehicle (PHEV). In a PHEV, 

the battery can be recharged either by regenerative braking (as in hybrids currently in 

production) or from an external electric power source. PHEVs provide greater fuel 

economy (taking into account the gasoline and electricity costs) and produce lower 

pollution and greenhouse gas emissions than HEVs of similar size and performance, 

although the overall emissions and green-house gas profiles of these vehicles is 

dependent on the source of the electricity used to recharge the battery externally (Duvall 

and Knipping 2007). PHEVs also employ a larger battery and more powerful electric 
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motor than current production hybrids, which allows the car to operate exclusively on the 

electric motor for longer duration and at higher speeds than current generation HEVs. 

This combination essentially allows the vehicle to function as an all-electric car for short 

trips and to use the gasoline engine as a backup for longer trips or higher speed driving. 

Toyota introduced a prototype PHEV version of the Prius in 2007, and both GM and 

Toyota plan to offer production PHEVs in the 2010 timeframe (Toyota to Test Plug-In 

Hybrid 2007). As with all-electric vehicles, the main obstacle to commercialization of 

PHEVs has been the high cost and technical challenge of producing batteries with 

sufficient power and storage capacity. 

     While many of the competing and complementary fuel technologies described 

above may provide greater fuel efficiency or lower emissions than gasoline hybrid-

electric vehicles, I confine my analysis to the latter. I focus on hybrids mainly because 

they have been the most widely available alternative to conventional gasoline passenger 

vehicles in the U.S. over the past decade. This allows me to make use of data on U.S. 

automobile sales and registrations to examine the actual response of consumers to policy 

incentives, as opposed to modeling predicted consumer response for vehicles not yet on 

the mass market or extrapolating adoption trends from small niche markets. Because 

hybrids use gasoline for fuel, I also avoid having to take into account infrastructure 

constraints that limit the adoption of other alternative fuel vehicles, such as diesels that 

require low-sulfur fuel or vehicles fueled by compressed natural gas. 
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3. Economic and Policy Basis for Government Incentives 

 
 
3.1 Energy Efficiency and Renewable Energy Framework 

 To frame HEV technologies in a broader public policy framework, it is useful to 

classify them as a subset of energy efficiency and renewable energy (EERE) 

technologies, a term describing a wide array of technologies designed either to reduce 

consumption of traditional fossil fuels (such as oil, natural gas or petroleum products) or 

to replace fossil fuels by renewable or more environmentally sustainable energy sources 

(such as wind, solar or biomass). One method of characterizing EERE technologies is via 

their role in the energy chain, which is used to describe the successive stages by which 

energy is generated, converted and expended in an energy systems (World Energy 

Council World Energy Assessment: Energy and the Challenges of Sustainability 2000). 

In all cases, the energy chain can ultimately be traced back to a primary energy source 

such as oil, natural gas, uranium, the wind or the sun. This primary energy source is 

usually converted into a final energy source, such as gasoline or electricity, by which it 

can be more easily transported and employed by an end-use technology such as a motor, 

engine or household appliance. Both primary and final energy sources can also be 

characterized as “energy carriers”, a broad term used to describe any medium in which 

energy is stored and/or transported before final use in an energy service (Adamson 2004). 

Within this framework, alternative energy technologies allow a renewable primary 
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energy supply to be used in place of fossil fuels to provide a given energy service. Energy 

efficiency technologies, on the other hand, allow for reductions in the amount of a given 

primary energy source required to perform an identical final energy service. This 

reduction of required primary energy can actually occur through technical improvements 

in any stage of the energy chain. The most visible energy efficiency technologies are 

efficiency improvements to consumer and manufacturing end use applications, but 

energy efficiency gains may also be achieved by advancements in the processes that 

covert energy from one energy carrier to another, such as oil refining or electric power 

generation.  It should be noted, however, that EERE technologies are not the only way to 

reduce energy consumption. Other organizational or societal changes such as a promoting 

the use of carpooling or public transportation, increasing urban population density, and 

telecommuting may produce similar outcomes. 

 While these separate definitions of energy efficiency and alternative energy 

technologies are important technically, the distinction between the two may be less 

important from a policy standpoint, because both families of technological improvements 

share several common outcomes of interest to policymakers. Both reduce the amount of 

fossil fuel required to perform a given energy service, and both may reduce the amount of 

environmental damage and pollution for a given energy service4. These crucial attributes 

of EERE technologies link them to public policy via the economic concept of externality 

costs. Environmentally damaging pollution and greenhouse gas (GHG) emissions usually 

                                                 
4 In fact, the use of technology to reduce environmental damage, pollution and carbon emissions often 
involves tradeoffs with the desire for fossil fuel consumption, because reduced pollution may come at the 
expense of greater energy consumption for a given process. 
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result from the consumption of energy by consumer or industrial devices, either directly 

from the fuel consumption process (such as exhaust emissions from cars), or from the 

production, transport and disposal of the fuels themselves. The use of non-renewable 

fossil fuels requires continued access to new supplies, often resulting in geopolitical and 

national security considerations. These two factors – harmful emissions and resource 

security – create subsequent externalities and social costs, such as expenses for 

healthcare, environmental remediation and national defense, which are borne by not by 

the individual consumer but by society (or a segment of society) as a whole. EERE 

technologies can reduce these externality costs by reducing pollution and conserving 

energy resources, but according to rational economic theory the market will not account 

for these social costs because the individual consumer will not pay a premium for 

technologies that do not provide individual benefit. The result is a market failure in which 

firms will not develop EERE technologies that might provide significant social benefits 

(Norberg-Bohm 2002). Although it is difficult to place a finite value on environmental 

protection and global warming, researchers have proposed different means of measuring 

these externality costs and incorporating them into total lifecycle cost calculations for 

transportation and other applications (Ogden 2004). These calculations generally show 

that both fuel efficiency and alternative fuel technologies may be instrumental in 

reducing fossil fuel consumption and reducing environmental impacts (Macauley et al. 

2002). Ogden (2004) demonstrates the potential for HEV technologies to have lower 

societal lifecycle costs compared to equivalent internal combustion engines, and to 
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provide even greater lifecycle cost reductions when hybrid technology is coupled with a 

fuel cell power source. 

 

3.2 Stages of Technology Development 

 The development of EERE technologies, like other consumer durable goods, can 

be characterized according to the three phases of Schumpeter’s classic model – 

discovery, innovation and diffusion (Jaffe, Newell, and Stavins 2002). Discovery 

involves the basic scientific discovery of knowledge that is a prerequisite to the 

development of a technology. It is important to note that these three phases occur 

simultaneously, with outputs and feedback from adoption providing continuous feedback 

and requirements for future discovery and innovation. Despite its limitations, I reference 

the model because it is useful in categorizing the different policy mechanisms available 

for government intervention.  

 Often, the discovery of knowledge is exogenous to the firm or industry ultimately 

developing and marketing the final technology, and may occur in the university, public or 

private sector. During innovation, firms or individuals capitalize on that basic knowledge 

either to create fundamentally new products or technologies, or to improve substantially 

on current designs and performance parameters. Whereas discovery results in basic 

knowledge, innovation produces a design or product that firms can use to produce 

consumer goods for the general marketplace. During diffusion, consumers actually 

purchase goods that incorporate new technologies and may either replace or supplement 

older ones.  
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 This Schumpeterian view of technology development differs dramatically from 

the classic model of perfect market competition in a number of respects (Wolf 1997). The 

incorporation of new technologies into products violates the assumption of homogenous 

goods, allowing firms to compete not only on price but on technological performance of 

their products. Because new technologies often require considerable time and money to 

develop and market, there are significant barriers to entry into market for firms. This 

situation may provide a competitive advantage to being the first to market, but it may also 

provide imitators and followers with an advantage if they can later appropriate new 

technologies without bearing the upfront development costs5. Both of these factors affect 

the market for new technologies, and can serve either as barriers to or incentives for 

technology development. Public policy considerations may dictate government 

involvement in all three stages of the Schumpeterian framework – invention, innovation 

and diffusion –via a variety of policy tools and intervention mechanisms. However, I 

limit this analysis largely to government intervention in the diffusion process, focusing 

on the formulation and evaluation of government policies for promoting HEV adoption. 

 

3.3 Incentives for Adoption 

 Incentive policies for hybrids may help overcome two significant obstacles to 

adoption by consumers – the general reluctance of many consumers to adopt new 

technologies and the higher incremental costs of purchasing hybrid vehicles over 

equivalent non-hybrid gasoline models. New technologies are not adopted 

                                                 
5 For a more detailed discussion on technology appropriability and its effect on market dynamics, see Teece 
(1986) 
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instantaneously; they generally diffuse into the market gradually over time. Empirical 

studies have shown that new technologies typically follow a classic diffusion pattern to 

displace older technologies or to achieve an equilibrium share of the market (Rogers 

1995). Consumers take time to respond to price and market signals before varying their 

consumption habits and demand for new technologies. Barriers to rapid adoption of 

HEVs include lack of knowledge by potential adopters as well as factors that affect 

different consumers’ individual utility calculations, such as low risk tolerance for new 

technologies, the limited desire to be an early adopter, or high initial prices. While some 

technically savvy or environmentally conscious consumers derive greater utility from 

their status as early adopters, the utility of other consumers  (often called imitators)  

increases only after they see their friends or neighbors adopting (Bass 1969).   

 Current hybrid models typically come with a significant price premium over 

equivalent gasoline-only automobiles, which may also limit consumer demand.  The 

Colorado state government provides annual calculations on the incremental cost (i.e. 

price premium) of each hybrid model compared to its conventional equivalent and notes 

premiums of between $3,000 and $5000 for most hybrid models6. Several studies 

comparing the total lifecycle costs of equivalent hybrid and gasoline models have found 

that lifecycle costs for hybrid vehicles would exceed those for equivalent ICE vehicles.  

Canes (2003) examined the first generation Honda Civic Hybrid and Toyota Prius, noting 

a hybrid price premium compared to equivalent gasoline models based on vehicle price, 

fuel and maintenance expenses over an expected lifetime, even if pollution costs and 

                                                 
6 See http://www.revenue.state.co.us/fyi/html/income09.html 
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gasoline prices well above recent records are included in the analysis. In an early paper 

on hybrids, Lave and MacLean (2001) noted that gas prices of over $5.00 per gallon or a 

social value of abating tailpipe emissions 14 times greater than 2001 estimated values (as 

calculated by regulatory agencies) would be required for a Toyota Prius to compare 

favorably to a conventional Corolla model from a consumer or social benefit standpoint7. 

More recently, Consumer Reports included $3-4 gas prices and federal tax credits in a 

total ownership cost analysis of 2006 HEV models and found five-year ownership cost 

premiums for all hybrid vehicles except the Toyota Prius and Honda Civic Hybrid, which 

had slight ($406 and $317, respectively) total cost savings over their non-hybrid 

equivalents (The Dollars and Sense of Hybrids 2006)8. Other consumer-oriented analyses 

have shown similar results, although these types of calculations are extremely sensitive to 

assumptions about discount rates, payback periods, insurance costs and even the 

conventional gasoline model and trim level used for comparison to the hybrid.   

 Even if purchasing a hybrid instead of a conventional car results in lower lifetime 

ownership costs, consumers may be reluctant to pay higher upfront costs for the promise 

of future savings. In particular, individuals with the lowest incomes are often unable or 

unwilling to pay higher upfront costs which could be used for more immediate needs 

such as food and housing. On the other hand, higher income individuals are often more 

willing to purchase new technologies that save money over time, because they are not 

constrained by immediate financial needs and can afford a higher risk tolerance for long-

                                                 
7 Due to differences in power and acceleration between the two vehicles, the authors base their calculations 
on a hypothetical “Perf Prius” that is equivalent in performance to a Corolla.  
8 Consumer reports originally reported cost premiums for all hybrids, but later acknowledged flaws in their 
depreciation calculation methodology (Llanos 2006). 
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term investments. In economic terms, the degree of willingness to pay upfront for savings 

in the future is known as the effective discount rate. Higher income individuals have 

lower effective discount rates, while lower income individuals have higher effective 

discount rates – i.e. they require a much more immediate return on their investment. 

Some researchers have noted that consumers, on average, are only willing to pay for 

energy saving technologies that have a payback period on their up-front costs of three 

years or less (Jaffe and Stavins 1994). However, Sperling, et al. (2004) reported in a 

recent study of detailed household interviews that payback period methodologies differed 

widely among individuals, and that most consumers appeared not to use any kind of 

payback calculation in making economic decisions on energy efficiency. 

 Traditional government intervention policies into the market for new technologies 

include taxes or subsidies to account for environmental externality costs (Baumol 1972), 

regulations to force or promote the adoption of socially beneficial technologies (Norberg-

Bohm 1999), and taxes on fuel to induce the innovation and adoption of more energy 

efficient technologies (Newell, Jaffe, and Stavins 1999). In the case of hybrid vehicles, 

the Federal Government and many state governments have primarily chosen the first 

option, offering tax deductions, credits, fee reductions and other monetary benefits to 

consumers who purchase hybrids (DOE State Incentives for Hybrid Electric Vehicles 

2004). Some states have also offered HOV lane privileges for hybrid owners. Although 

not a monetary benefit, this privilege can result in considerable time savings for 

commuters who purchase hybrids. 
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 The government also has the potential to influence adoption by adjusting the rate 

at which it purchases technologies via military acquisition, fleet vehicles or procurement 

in bulk. These strategies can be effective in cases where the government makes up a 

substantial portion of the market place, such as in the defense industry, or when 

government purchases provide an incentive for starting or continuing an otherwise 

unsustainable product line. The military has actually been developing HEV technologies 

for many of its future ground vehicle systems, but these efforts have not yet reached the 

full-scale procurement stage (Army Will Fund Hybrid Vehicle Research in 2006). 

Similarly, government fleet vehicles make up only a small percentage of the total 

automobile market, and purchases are not usually coordinated between different agencies 

and levels of government (i.e. local, state or federal). Therefore, I will ignore government 

purchases policies for hybrids and focus primarily on incentive policies targeted at the 

consumer market and private sector.  

 Until 2005, the Federal Government provided a $2000 tax deduction for all 

qualifying hybrids, regardless of fuel economy rating. Starting in January 2006, however, 

the Energy Policy Act of 2005 replaced this tax deduction with a tax credit tailored to the 

specific hybrid models. The complex scheme is based on a combination of the vehicles 

emissions profile and fuel efficiency compared to equivalent vehicles, and varies from 

several hundred to several thousand dollars, depending on the model. The credit phases 

out over time based on the number of total hybrids sold by a particular manufacturer. At 

the beginning of the second calendar quarter after a manufacturer sells a total of 60,000 

hybrid and lean-burn vehicles, the credit for all its vehicles is reduced to 50% of the 
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original value. The value is further reduced to 25% of the original value at the beginning 

of the fourth calendar quarter after the 60,000 sales mark, and phases out completely a 

the beginning of the sixth quarter (DOE 2007). 

 In addition to the federal tax credit, many states offer additional incentives (New 

Energy Tax Credits for Hybrids 2007). Currently, the state with the highest effective 

incentive structure is Colorado, which offers credits of $2500 - $6000 depending on the 

model, while several other states over incentives valued at $1500 or higher (Hybrid 

Incentives and Rebates -- Region by Region 2007). A more detailed description of federal 

incentive values is provided in chapter 6, and detailed descriptions of state incentives are 

provided in the appendix. 

 Even if incentives promote adoption, they come with potential drawbacks.  The 

incentive must be given to all consumers who purchase HEVs, regardless of whether they 

would have done so in the absence of an incentive.  These surplus or “wasted” payments 

act to reduce the efficiency of tax incentives, particularly if the elasticity of demand with 

respect to price is low. For example, if a $100 incentive increases annual hybrid sales in a 

given state from 1000 to 2000, then 1000 consumers who receive the $100 incentive 

would have purchased hybrids anyway. The value of incentives paid to these consumers 

($100,000) represents half of the total incentive expenditure of $200,000, which equates 

to an average cost to the government of $200 ($200,000 ÷ 1000) per each additional 

vehicle purchased. If, on the other hand, the $100 incentive only increases hybrid sales 

from 1000 to 1100, then 91% of the incentive payments are given to consumers who 

would have purchased a hybrid anyway, resulting in an average cost of $1100 ($110,000 
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÷ 100) for each additional vehicle purchased. Clearly, the greater the elasticity of demand 

for hybrids with respect to the presence or value of an incentive, the more efficient the 

incentive will be in minimizing average payment required per additional vehicle 

purchased. While some degree of surplus payments are inevitable with almost any 

monetary incentive policy, understanding the responsiveness of consumers to various 

incentives can help policymakers better understand the relationship between the benefits 

and the costs of those incentives. 

 In addition to surplus payments, another consideration is expected incremental 

improvements in HEV technology over time. Stoneman and Diederman (1994) note that 

by adopting early, consumers may choose a technology that is inferior to other models 

that will be offered a short time later. This issue is particularly significant for HEV 

technologies (as well as other energy saving automotive technologies), because they are 

embedded in automobiles, which have a high up-front costs and are replaced 

infrequently. Once consumers purchases new automobiles, they are unlikely to replace 

them several years later simply to achieve incremental improvements in fuel efficiency. 

However, incremental improvements to new technologies come about via feedback from 

initial users and producer learning-by-doing, so some adoption of inferior technologies is 

often necessary to prompt the development of superior technologies (Argote and Epple 

1990). Several HEV models – the Honda Civic and Toyota Prius – have already 

undergone redesigns that featured significant improvements in fuel economy since their 

introduction. GM recently announced plans to introduce a new type of HEV system 

(featuring two electric motors) in 2008 models, which it claims will outperform HEV 
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systems currently offered by other carmakers. Promoting the adoption of specific hybrid 

models (via larger incentives) or of hybrids over other types of fuel efficient or 

alternative fuel vehicles may also lead to the government effectively “picking a winner” 

among available automotive technologies and inadvertently stifling the future 

development of even more potentially beneficial options such as diesel or all-electric 

cars. According to Wolf (1997), this form of “government failure” can lead to unintended 

consequences that are worse than the original market failure that government intervention 

is intended to address. 

 Despite the potential drawbacks and unintended consequences of promoting HEV 

adoption, lawmakers at the local, state and Federal level have adopted a variety of 

incentive policies for hybrids, and incentives for hybrids and other alternative fuel or fuel 

efficient vehicles seem unlikely to disappear in the near future. Therefore, instead of 

debating the merits of these policies I shall focus the remainder of this dissertation on 

evaluating the impact of incentive policies on consumer adoption of hybrids. The hope is 

that policymakers may use the results and conclusions of my analysis to help strike a 

balance between the costs, benefits, drawbacks and unintended consequences of incentive 

policies. 
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4. National Trends 

 

 Before proceeding, it is important to note hybrid adoption patterns at the national 

level, which will come into play in analyses of state and local adoption patterns. The 

difficulty in analyzing policy impacts at the national level also highlights the potential 

importance of an alternate methodology that can overcome the limitations of relying 

solely on aggregated national data. Figures 1 and 2 illustrate trends in monthly market 

shares for hybrid cars and light trucks (new hybrid cars or light trucks as a percentage of 

all new cars or light trucks registered), based on R.L. Polk & Co registration data. The 

figures also show corresponding monthly gasoline prices over time, based on Federal 

Highway Administration monthly motor fuels surveys. 
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Monthly U.S. Hybrid Car Market Share vs. Average Gasoline Price
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Figure 1: Monthly U.S. Hybrid Car Market Share and Average Gasoline Price 
 

Source: R L Polk Registration Data 



 

 30

Monthly U.S. Hybrid Light Truck Market Share vs. Average Gasoline Price
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Figure 2: Monthly U.S. Hybrid Light Truck Market Share and Average Gasoline Price 
 

 

 Because the market share represents hybrids as a fraction of sales, as opposed to 

the actual number of vehicles sold, figures 1 and 2 are corrected for seasonality in vehicle 

sales9. Although market share fluctuates month by month, market shares for both hybrid 

cars and light trucks (including SUVs) are clearly increasing over time as hybrid 

technology diffuses into the market.  

 Figures 1 and 2 also illustrate the difficulty in isolating the effects of individual 

factors such as gasoline prices, incentive policies, or other events – such as Hurricane 

                                                 
9 While this does not rule out the possibility that seasonality affects hybrids differently than other vehicles, 
I found no clear evidence or logical cause for a seasonal trend in hybrid market share.  

Source: R L Polk 
Registration Data 
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Katrina – that could potentially influence hybrid sales. Absent other factors, hybrid 

market share might also be expected to increase over time as automakers increase 

manufacturing capacity and introduce new models. Although the market share curves for 

hybrid cars and light trucks both appear to follow the gasoline price curve, gas prices are 

also highly correlated with time and exhibit seasonality, making it difficult to draw 

conclusions about the relationship10.  

 Likewise, is also difficult to draw conclusions about federal incentive policies 

based only on national market share data. Market share increased over time both before 

and after the transition from the original federal hybrid tax deduction to the follow-on 

federal tax credit incentive scheme in place since January 2006. Figures 1 and 2 do show 

a short-term drop in the month before the tax credit scheme went into effect on January 1, 

2006, followed by a spike in sales in the following month. However, market share 

dropped again in February, suggesting that the temporary spike in January may have been 

due to consumers simply postponing purchases at the end of 2005 to take advantage of 

the increased value of the tax credit versus the original tax deduction. Other potential 

determinants of market share are also highly correlated with time and with each other, 

including the number of hybrid models available, increased media publicity and increased 

visibility of hybrids by the general public as they have become more common on the 

road.  

                                                 
10 In an attempt to control for an increase in gas prices over time and for seasonality, I regressed monthly 
market shares against monthly and yearly gas price differences. Both were insignificant in explaining 
market share. 
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 In the following chapters, I attempt to overcome the limitations of national-level 

aggregated data by turning to hybrid registration data at the state and local level. I use the 

variation in market share between states, cities and counties in an attempt to isolate the 

diffusion effect and gain a better insight into other significant determinants of hybrid 

vehicle adoption. In the following chapter, I lay out a cross-sectional model for hybrid 

adoption that I will use in two separate data analyses: a comparison of hybrid adoption 

rates between states, and a detailed case study of policies and adoption patterns in the 

state of Virginia.   
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5. Developing a Cross-Sectional Model for HEV Market Share 

 
 
 In order to evaluate the significance and effect of gas prices, incentive policies 

and other socio-economic predictors on HEV adoption by consumers, I use a cross-

sectional model that can be tested using market share statistics from various states and 

jurisdictions. This methodology overcomes many of the limitations in previous studies of 

HEV adoption and provides a way to compare the impact of incentive policies to other 

socioeconomic determinants of adoption.  

 This chapter provides a detailed derivation of the cross-sectional specification. I 

review the economic and policy literature that is relevant to the selection and 

development of this methodology, including previous studies of the diffusion of HEVs 

and other new technologies and economic literature on modeling automobile demand. I 

begin the derivation of my own model with an established cross-sectional model of 

automobile demand, adapting it for use in a cross-sectional comparison of hybrid market 

share between different geographic areas. 

 

5.1 Factors of Interest for Hybrids 

 Consumer decisions to purchase hybrids are a combination of a number of factors. 

Some factors are relevant to the purchase of any type of automobile, while others relate 

specifically to hybrids, which represent a unique subset of the larger automobile market. 
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Several researchers have used surveys or interviews in an attempt to identify significant 

factors for hybrids. Heffner, et al. (2005) from the Center for Transportation Studies at 

the University of California, Davis used a behavioral framework for analyzing purchase 

decisions. The authors conducted detailed two hour interviews with 10 households in 

Northern California that own HEVs in order to examine the symbolic image that HEV 

owners place on their vehicles and the extent to which that image influenced their 

purchase decisions. During each interview, they collected a family vehicle history, 

obtained a narrative of the purchase process for the HEV, and engaged members of the 

household in a discussion of vehicle symbolism. They also conducted an analysis of the 

factors most influencing each purchase and performed a “vehicle preference exercise” 

that studied feelings on potential replacement vehicles in order to ascertain “key benefits 

and disbenefits” of the HEV.  According to the author’s findings, all households 

identified both cost savings and environmental impact as key factors influencing their 

purchase decisions.  “All participants recognized some symbolic benefits rooted in their 

HEVs’ reputation as ‘green’ environmental vehicles,” indicating that the HEV’s image 

could provide a purchase motivation distinct from financial considerations or physical 

vehicle attributes. However, the strength of the “hybrid image” compared to other factors 

varied among owners. The authors ultimately divided the 10 households into three 

categories: four “natural green” households that purchased HEVs primarily for 

environmental reasons, four “light green” households that were motivated by a 

combination of environmental and cost considerations, and two “money green” 

households that were primarily motivated by cost savings (although recognizing the 
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environmental symbolism of their vehicle). Additionally, several households that 

purchased the Honda Civic Hybrid indicated that they did not consider purchasing the 

near identical non-hybrid version of the Civic. Although the number of households 

interviewed does not represent a statistically significant or meaningful sample size, the 

author’s findings are important for developing a model for hybrids because they suggest 

that the perceived cost savings from hybrid ownership is significant in influencing 

purchase decisions and should be included in the model11 and that the hybrid’s 

environmental image is an important motivational factor that may be missing from 

traditional automobile demand models. Therefore, a cross-sectional model must account 

for differences in cost savings among jurisdictions as well as the differing extents to 

which residents of particular jurisdictions, on average, value environmentalism. 

 Two larger surveys of potential buyers are consistent with the findings of the UC 

Davis study. A University of Michigan study analyzed the results of an online survey 

taken by visitors to an HEV information website, HybridCars.com (McManus and 

Berman 2005). The survey generated responses from 532 hybrid owners and 933 

shoppers with enough interest in HEVs to visit the website.  In analyzing the results, the 

authors found that for hybrid owners, “top factors, in order, that motivated owners to buy 

a hybrid: to save money on gas, to pollute the air less, and acquire technology that 

appeals to them.” For shoppers who had not yet decided whether to purchase a hybrid, 

top motivating factors for considering a hybrid were to “to save money on gas, to pollute 

                                                 
11 From the authors’ research, it appears that the hybrid’s image as a cost-saving vehicle influences 
consumers even if they do not make explicit payback calculations, as note in a related study by Sperling, et 
al. (2004).  
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the air less, and to reduce foreign oil dependency.” A marketing survey by ChangeWave 

Research concluded that hybrid owners tend to be in the highest income demographics 

and are more sensitive to gas prices than environmental benefits in purchasing their 

vehicles (Changewave Research 2005: Year of the Hybrid 2004). Interestingly, the 

hybrid’s environmental image did not appear to be as large a factor compared to cost 

savings for this nationwide study as for the UC Davis study of Northern California 

owners. This may be indicative of a higher degree of environmental consciousness 

among Californians compared to other states, which would in turn result in hybrids 

providing a greater “image value” to California owners than to owners in other states.  

 While these studies are valuable in suggesting potential determinants for a cross-

sectional model, they do not provide significant insight into the role that either federal or 

state incentive policies play in consumers’ purchase decisions.  As I discuss shortly, the 

cross-sectional approach allows me to introduce information on incentives at the state or 

jurisdictional level, using the variation in the value of those incentives to test for their 

possible influence on state market share. 

 

5.2 Diffusion Considerations 

 Several major studies of HEV demand to date have treated HEV adoption patterns 

as a case of new technology diffusion, and based their analysis on accepted diffusion 

theory. If HEVs were a mature technology for which consumers had fairly well 

established preferences, market share would be expected to vary over time only as the 

prices, performance characteristics and features of these vehicles changed. HEVs are a 
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new technology, however, which suggests that for any given area, the market share over 

time should actually follow a classic diffusion pattern, rising over time to an equilibrium 

value. Consumers take time to respond to price and market signals in varying their 

consumption habits and demand for new technologies. Barriers to rapid adoption of 

HEVs include lack of knowledge by potential adopters as well as other factors that affect 

different consumers’ individual utility calculations, such as risk tolerance or comfort with 

new technologies. While some technically savvy or environmentally conscious early 

adopters derive greater utility from their status as early adopters, the utility of the HEV to 

other consumers (often called imitators)  increases only after they see their friends or 

neighbors adopting.  Rogers (1995) divides adopters into five separate categories with 

unique behavioral characteristics: innovators, early adopters, early majority, late majority 

and laggards. As different categories of consumers adopt over time, the diffusion pattern 

for almost all innovations has been empirically shown to follow a classic sigmoid or “s-

shaped” curve (Jaffe, Newell, and Stavins 2002). Griliches (1957) noted the sigmoid 

behavior in the diffusion of hybrid seed corn, and Jaffe et al. (2002) cite classic studies 

that bear out this pattern for the adoption of steel furnaces and optical scanners. Button, et 

al. (1993) also use a sigmoid adoption curve to model the diffusion of automobiles in low 

income countries.  

 In the classic diffusion curve, adoption occurs slowly at the onset, increases 

exponentially, and then tapers asymptotically to a steady state in which the technology 

completely displaces previous technologies or achieves a stable share of the market. The 

adoption process for new technologies is often modeled as a probit or rank model, in 
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which the odds of adoption are a function of a variety of factors that vary across space 

and time. As changes in price, information, and other factors occur, the average 

individual’s utility for the technology will increase. This results in the market-share curve 

increasing over time, often in an s-shaped or sigmoid pattern, before reaching an 

equilibrium market share. Government intervention mechanisms that influence any of 

these factors – such as tax incentives that lower effective prices and public service 

campaigns that increase awareness of the technologies – should help lower the individual 

adoption threshold and speed up the diffusion process and/or increase the final 

equilibrium market share, as shown in figure 3, which illustrates the possible impact of 

incentives on diffusion of a hypothetical technology: 
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Figure 3: Effect of government incentives on a notional diffusion curve 
 

 Mathematically, most diffusion analyses focus on paramaterizing the diffusion 

curve, which provides both a means of forecasting continued diffusion into the future and 

comparing diffusion patterns under different circumstances using a common reference 

point. One method of parameterization is the Weibull process, in which the probability 

distribution function for adoption is given as ( ) ( )γλttF −−= exp1 , where λ and γ are the 

Weibull parameters that determine the shape of the adoption curve and speed of the 

adoption process (Macauley et al. 2002). Another variation on diffusion modeling that 

has been widely adopted is given by Bass (1969), who presents a behavioral model for 
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diffusion of initial purchases of new durable technologies. Unlike other diffusion models, 

which characterize sales of a new technology at a given time purely as a function of 

previous sales, Bass breaks down adopters into two basic groups, innovators – who are 

not motivated to purchase by those around them – and imitators – whose purchase 

decisions are influenced by seeing adoption by their peers. Bass assumes that both groups 

make purchases simultaneously, but that innovators dominate the market early on but are 

gradually replaced by imitators over time. This results in an adoption curve that can be 

parameterized by a coefficient of innovation (p), coefficient of imitation (q), and the total 

market for a product (m), which can be determined by regression of sufficient sales data 

over time. Bass demonstrated the model’s ability to predict both the time and relative 

magnitude of peak sales of a variety of items (including refrigerators, freezers and 

televisions) to between 50-95% accuracy. 

 Several recent diffusion studies of HEVs and other alternative fuel vehicle 

technologies have been based on the Bass diffusion model in an attempt to forecast HEV 

sales patterns into the future based on past sales patterns and assumptions about future 

values of significant predictors. Other authors have expanded the model to allow for other 

factors that vary over time (such as relative energy costs) and used the model to test for 

the significance and strength of the effect of these factors as part of the parametric 

regression. Cao and Mokhtarian  (2004) used this specification and a generalized least 

squares regression to predict the adoption rate curves for a variety of alternative energy 

and energy efficiency automobile technologies, including ethanol, HEVs and 

Compressed Natural Gas (CNG). The authors also modified the specification to include 
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other significant factors as part of the regression for the Bass diffusion coefficients. For 

HEVs, they used national-level hybrid sales data in a study that found lagged gasoline 

prices to be significant in explaining aggregate diffusion patterns. However, the authors 

also note that the Bass model can be unreliable in its peak prediction ability using only 

data early on in the adoption process and that it is highly dependent on the initial 

assumption for the size of the potential market12. In email correspondence with Cao in 

2006, he indicated that the authors now consider the Bass method too unreliable to use in 

long term forecasting of HEV sales.  Despite its drawbacks, the Bass diffusion approach 

is important because it allows for differing types of behavioral patterns among adaptors 

and highlights the importance of controlling for time in comparing the significance of 

other significant factors on adoption. Santini and Vyas (2005) argue that for alternative 

vehicle technologies, given sufficient resources, survey data could be used to estimate 

adoption coefficients prior to a new vehicle introduction. They predict HEV sales 

patterns into future using a variety of assumed coefficients that they compile from past 

surveys and studies. While the author’s paper is focused on ex-ante forecasting, the stated 

preference results from previous studies that they use in developing their own coefficients 

are useful for informing my own model. The authors cite at 2003 Office of Consumer 

Research (OCR) survey on consumer willingness to pay for HOV lane usage, and several 

surveys on consumer willingness to pay to double fuel efficiency. 

 HEV adoption studies based on a diffusion model have provided valuable insights 

into early adoption patterns, but the major variants of this modeling technique are based 

                                                 
12 For HEVs, the authors assumed the potential market to be 10% of the total automobile sales market. 
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on certain inherent premises and assumptions that limit its usefulness for the significance 

evaluating incentive policies and of many important socioeconomic determinants of 

adoption. Most importantly, they model the aggregate adoption of HEVs over time, 

estimating the significance of predictors which also vary with time. Therefore, it is very 

difficult to separate the effect on market share from diffusion from changes in other 

predictors such as gas prices and income, which also tend to increase with time.  

 Diffusion models used to predict adoption of new technologies are often specified 

using assumptions about the potential market and the distribution and rational behavioral 

patterns of different types of adaptors (innovators, early adoptors, majority, etc) at certain 

points on the adoption curve, based on survey data and previous case studies. Deviations 

from these assumptions may lead to significant errors both in forecasting and comparing 

the effects of predictors. In all fairness, previous analyses using diffusion models have 

been more concerned with ex-ante “what if” forecasting into the future rather than ex-

post analysis of actual sales data, so these assumptions were both necessary and useful in 

predicting the medium term adoption pattern of a technology prior (or just after) its 

introduction. In this analysis, however, I seek to use actual disaggregated sales data to 

study the response of consumers to a unique technology and specific government 

incentives. 

 

5.3 Cross-Sectional and Panel Models 

 Recognizing the inherent limitations of the diffusion model leads me to use cross-

sectional analysis as a way to isolate the policy and economic determinants from the 
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time-dependent diffusion effects. The basic premise of my methodology is to compare 

the market share or rate of adoption among jurisdictions over any given time interval, to 

test how variations in different socioeconomic factors, on average, affect the tendency of 

consumers to purchase HEVs. This methodology is in essence a form of frequency 

analysis in that the dependent variable – market share – is the frequency of hybrid 

purchases among all purchases for that particular jurisdiction. Frequency models often 

compare the frequency of an event among several sample populations to test the 

relationship between the frequency of that event and the average characteristics of the 

sample population. Button, et al. (1993) used a cross sectional methodology to develop a 

forecasting model for the rate of vehicle ownership in low income countries. The authors 

assign the variable P as the ratio of registered vehicles to the population and assume a 

saturation level S of car ownership per capita.  According to the authors, “the main 

modeling thrust employs the quasi-logistic (or ‘log-odds’) approach which has been 

extensively used for forecasting in industrialized countries. (p. 54)” The model 

specification is: 
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Where X1, X2,… Xn are the “set of socioeconomic influences on ownership (p. 54)”. 

Although I take a different starting point in developing my own model, my final 

specification for the cross-sectional analysis takes a similar format. Another recent study 

at UC Davis used a cross-sectional approach to study variation in automobile ownership 

patterns among California neighborhoods based on neighborhood characteristics, 
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preferences, travel attitudes and socio-demographics (Cao, Mokhtarian, and Handy 

2004).  

 Before going any further, a brief discussion is appropriate about why I have 

chosen to use cross-sectional frequency analysis instead of panel data analysis, which 

includes time as a variable in a cross-sectional regression. Panel data is frequently used to 

model statistical data over different U.S. states and has the advantage of providing 

additional data points by allowing for multiple observations for each state over time 

(Stock and Watson 2003).  

 Panel data analyses on U.S. states often use a fixed effects model, which controls 

for omitted variable bias by assuming that omitted variable vary across space but are 

constant in time (Stock and Watson 2003). This method essential treats each state as a 

separate regression and determines the significance of each predictor based on its 

variance over time, averaging the coefficients from each state. In the case of hybrids, 

however, the ongoing diffusion process of hybrids is largely a function of unobserved 

predictors such as availability, consumer awareness and new model introduction – factors 

that vary with time and are not accounted for in a fixed effects model.  As a result, fixed 

effects panel data would cause variables that have a large variance over time, such as gas 

prices, to dominate, while ignoring the significance of other observed predictor variables 

that vary widely between by states but only slowly with time, such as income or average 

miles traveled.  

 To capture the affect of unobserved variables that vary with both space and time, 

a panel regression can use a random effects model that averages both the time and state 
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dependent effect (Hsiao 1996). For hybrid market share, this method would essentially 

amount to calculating the average market share for each state over the time periods of 

interest, and running a single multivariate regression on the set of state averages (Panel 

Data 2006). While this method would likely get at the significant predictors of adoption 

better than a fixed effects regression, it would fail to capture changes in the significance 

and effect of those predictors over time. 

 Because of the limits of both fixed and random effects panel data, I have chosen 

instead to conduct a separate regression for each time period. This will allow me to make 

full use of the data from each year and to capture any changes over time in the 

relationship between each predictor and the dependent variable.  

 Theoretically, I could also use a two-stage regression to account for diffusion. In 

the first stage, I could conduct a regression for each state to determine the parameters for 

a Bass (or other similar parameterization model) diffusion curve using the techniques 

from Cao and Mokhtarian  (2004). In the second stage, I could regress the key parameters 

against the predictors for each state in order to determine their effect on changing the 

shape or speed of the diffusion process. However, given the concerns discussed earlier 

with determining accurate diffusion parameters early in the diffusion process, I have 

opted instead to employ a cross-sectional specification.  

 

5.4 Constrained Supply 

 Another concern is the effect of constrained supply. Waiting lists for hybrid 

vehicles indicate that consumer demand often exceeded manufacturers’ production 
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capabilities. It would be difficult, using panel techniques, to separate the increase in 

hybrid sales over time for a given state due to higher consumer demand from increases 

due purely to changes in producers’ ability to supply hybrids. Likewise, a traditional 

microeconomic analysis using supply and demand curves would also be difficult, because 

this approach allows for variation in price. Constrained supply certainly affected 

transaction prices for hybrids by allowing dealers to forgo discounts (or even charge 

premiums) for hybrids during periods of peak demand, but there the available data on 

actual transaction prices for hybrids is largely anecdotal and is not sufficient to construct 

detailed supply and demand curves.  It would also be difficult to factor waiting list times 

into such a microeconomic analysis.   

 I deal with constrained supply in my analysis by assuming that for any given time 

period, manufacturers distribute the available supply of hybrids between states 

proportional to the consumer demand signal provided by the size of waiting lists and the 

premium (or discount) that consumers in a given locality are willing to tolerate. For 

example, if dealers indicated that consumers in locality A were willing to pay a premium 

for hybrids, a manufacturer might divert shipments from locality B where the same 

vehicle was being sold at a discount13. A greater supply to locality A would likely reduce 

the waiting lists and premiums there, while the opposite effect would occur in locality B 

due to tighter supply (assuming that manufacturers are limited in their ability to 

manufacture additional hybrids in the short run). For any short-run time period, this 

                                                 
13 While long waiting lists do not necessarily translate directly to price premiums, it is logical to assume 
that dealers are able to at least demand the full sticker price for a wait-listed hybrid. Additionally, dealers 
know they will sell the waitlisted car immediately upon arrival thus avoiding any additional marketing and 
holding costs.  
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should result in an equilibrium in which manufacturers distribute available hybrids in 

order to maximize overall profits.  This short-run equilibrium assumption allows me to 

perform the analysis based on socio-economic and policy predictor variables that affect 

local demand (and therefore the number of vehicles supplied), without having to know 

actual transaction prices for each locality. 

 

5.5 Derivation of the Model 

 In developing a cross-sectional model, I make several further assumptions. First, I 

assume that consumer decision-making processes for purchasing automobiles within the 

United States do not vary significantly from state to state or jurisdiction to jurisdiction. 

This is not to say that different socio-economic factors unique to an individual state or 

jurisdiction do not lead to different purchase decisions, but rather that the average 

behavior of consumers from one state would be similar to the average behavior of 

consumers from a second state if both were placed in a third state and subject to the 

social and economical norms of that third state. In other words, I assume that I can 

reasonably control for the state-specific or jurisdiction-specific effects that lead to 

differences in consumer purchase decisions given an equivalent menu of purchase 

options and prices. 

 This last caveat about equivalent menu options leads to the second specific 

assumption – that consumers in different U.S. states and jurisdictions all face a roughly 

identical set of automobile models available for purchase at an identical set of menu (i.e. 

manufacturer invoice) prices. While there are undoubtedly some differences in shipping 
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charges and local model availability between given states, I believe that the easy access 

to invoice prices and vehicle information on the internet and in print, coupled with 

interstate commerce laws, have largely leveled the playing field for consumers. Thus, 

price variations from one state or town to another are the result of relative demand rather 

than inherent differences in market access14.  

 While models sold in each state may look and perform identically, emissions 

requirements in California, New York and six New England states have forced 

manufacturers to offer cars with stricter emissions standards in these states (EPA Green 

Vehicle Guide 2008). This limits manufacturers short-term ability to shift cars from states 

with more lenient emissions standards to meet demand in states with stricter standards, 

but there does not appear to be a legal barrier to manufacturers selling the lower 

emissions automobiles in states that do not require them (Blanco 2007). Over the year-

long time periods in which I measure market share, I assume that manufacturers can 

adapt their mix of higher and lower emissions automobiles to the demand patterns from 

each state. Also, I assume that stricter emissions standards do not significantly impact the 

performance or inherent characteristics of the cars enough to change consumer purchase 

decisions from state-to-state.   

 These two assumptions come into play shortly as I set up the cross-sectional 

econometric model for HEV adoption. Since the assumptions are inherent in my analysis, 

                                                 
14 Emissions standards not withstanding, consumers could purchase a car in a different state or city and 
have it delivered, assuming the additional shipping costs justified the transaction price savings.  This should 
limit a dealer’s ability to artificially inflate prices.  
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I have tried to add additional controls to account for any suspected violations of those 

assumptions.  I describe these controls in more detail as I introduce them. 

 The basic formulation of my HEV demand model stems from the economic 

literature on the pricing and demand for automobiles in the U.S. aggregate market using 

national level aggregate data over time. These studies are generally focused on cross-

sectional comparison of market share for different models, rather than a cross-sectional 

comparison of market share between jurisdictions for a single model. However, they are 

still valuable in providing the basic formulation of a consumer indirect utility function for 

automobiles, which I can adapt to use in my own model specification. 

 Econometric analyses of automobile demand have become increasingly more 

sophisticated both in scope and methodology. Chow (1957) proposed a linear demand 

equation for nationwide automobile demand over time, as a function of income, price and 

prior sales. Wetzel and Hoffer (1982) and Irvine (1983) develop demand models and use 

regression analysis to determine consumer preferences for individual features, including 

fuel economy. Wetzel and Hoffer focus on disaggregating based on vehicle class, while 

Irvine focuses on cross-price elasticities for specific car models with different attributes. 

Bajic (1988) uses hedonic techniques, which focus on the supply and demand equilibrium 

in the market to determine quality adjusted prices for unique attributes. He starts with a 

first-stage Hedonic regression to calculate quality adjusted prices for different attributes, 

and then calculate variance in those attribute prices among specific models for use in a 

regression of market share. By this logic, once the market has determined a quality 

adjusted price for a given option, the variance from that price for individual models or 
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markets would result in changes in consumer demand for that particular model, as 

evidenced by a higher or lower market share compared to similar models. The 

significance of Hedonic analysis is that it establishes the connection between price and 

market share for a given model compared to other competing models. Therefore, a tax 

incentive for a given HEV in one geographic area effectively changes the quality adjusted 

price for that model compared to other geographic areas, and should result in an 

increased market share, all things being equal.   

 Berry, Levinsohn and Pakes (1995) generalize previous models of automobile 

demand. The authors express the indirect consumer utility function, U, for a given 

automobile as a function of consumer characteristics and product characteristics, and 

allow for multiple higher level interactions between consumer and product attributes. 

They utilize a flexible discrete choice model specification that improves estimation 

accuracy over traditional OLS and other regression techniques. 

 While these established automobile demand models could theoretically be used to 

examine market share of HEVs, their application to HEVs is limited by the relatively 

limited selection of HEV models and their short time on the market, which reduces the 

number of model-year sales data points available for analysis. As a new technology, 

market share for hybrids would be expected to increase over time from the diffusion 

effect to a greater degree than conventional automobile models. While the established 

demand models do take into account perceived differences in quality between models by 

allowing for quality as an unobserved attribute (Berry, Levinsohn, and Pakes 1995), this 

treatment of quality by manufacturer may still not take into account the hybrid’s unique 
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environmental image, which previous researchers have shown to be a significant factor in 

HEV purchase decisions. Finally, it is anticipated that local subsidies and incentives will 

have a significant effect on demand by, in essence, changing the quality adjusted prices 

for the HEV option, so it is important not to aggregate out these factors by examining 

only national level data that is used by most automobile market analyses. As an 

alternative to examining nationally aggregated market share, I focus not on the variation 

in characteristics between different HEV models, but on the variation in tax incentives 

and consumer characteristics among a cross-sectional dataset of U.S. states (or other 

jurisdictions) for the same model.   

 To develop a model that is suitable for HEV vehicles, I will start with the same 

basic behavioral principles of Berry, Levinsohn and Pakes [BLP] (1995). In an 

equilibrium market15, the indirect utility of consumer i for any vehicle j can be expressed 

as: 
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15 While HEVs may not have achieved long-term equilibrium market share due to new technology 
diffusion, in this case I am referring to the short-term equilibrium where the number of automobiles 
purchased equals the number of automobiles supplied. I will address the potential for constrained supply 
later on in this chapter.  
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Consumer i will choose to purchase vehicle j if and only if: 
 
 

( ) ( )θζξθζξ ;,,,;,,, rrrrirjjjjji xpUxpU ≥  for  r = 0, 1, 2, …., J;  r ≠ j 
 

where the choice r = 0 corresponds to the outside alternative of not purchasing any 

vehicle. For a given population, the aggregate demand Aj for vehicle j is given by: 
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and the market share sj of a given model is now a function of: 
 
 
 

( )θζξ ;,,, jjjj xpfs =  
Equation 2 

 
It is important to note that in Equation 2, the market share is now a function of the price 

and characteristics of an individual product j, but also of the characteristics of the overall 

population of consumers, so that average consumer preferences and characteristics can be 

assumed for any market share observation.  

 The characterization of market share in equation 2, adapted from BLP (1995), is 

fairly straightforward, and is a generalized form of earlier specifications for automobile 

demand. At this point, however, I depart from previous studies and adapt equation 2 to 

analyze HEV market share observations by state16. First, I will assume that observed and 

unobserved product characteristic vectors x and ξ do not vary among states or other 

                                                 
16 I derive the model for observations of market share in U.S. states, but the model can be adapted to 
observations from any set of jurisdictions or geographic areas. 
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jurisdictions, because automakers sell the same car models with nearly equivalent prices 

and specifications in each U.S. state.17 Thus, I can reduce equation 2 to:  

 
( )θζ ;, ssjjs pfs =  

Equation 3 
 

where the subscript s denotes an observation for an individual state18.  
  
 Next, I express equation 3 as: 

 
( )θζ ;, sshhs pfs =  

Equation 4 
 
where the subscript for the model, j, has been replaced by h to represent only HEV 

market share and prices in a given state, s, and HEV model, h. 

 I can now look at the remaining terms in equation 4, psh and ζs to determine which 

components of these terms will vary among states for HEV vehicles. On an individual 

level, consumers’ preferences for different auto characteristics, ζ, are affected by a 

number of factors that vary, on average, by state. I expect income to be significant for 

hybrids due to several mechanisms. First, the demand for any product is generally given 

as a function of individual income, with the individual demand of person i for product j 

expected to vary as a function of income minus price, given as (yi - pj ). Income may also 

be significant because individuals with higher incomes tend to have a lower discount rate 

                                                 
17 In reality, there are differences in emissions standards from state to state, with California being the most 
notable. For the purposes of this analysis, however, I will assume that these differences are transparent to 
consumers and are not factored into buying decisions. This may bias the results most significantly in 
California and the New England states, where hybrid models for sale have lower GHG and pollution 
emissions than in other states.  
18 I will derive this model for cross-sectional analysis of HEV sales among states. However, equations 
should hold for cross-sectional analysis at the country or other jurisdictional level, provided that data is 
available for HEV sales and all predictors at the appropriate level of disaggregation. 
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for energy efficiency technologies, a greater utility for green technologies that mitigate 

negative externalities, and a higher risk tolerance in general for new technologies. 

Additionally, Santini and Vyas (2005) cite a 2002 California Energy Commission study 

conclusion that higher income individuals have also been shown to be less sensitive to 

price variations for automobiles, which may in turn lead to a lower sensitivity to 

monetary purchase incentives.  

 An individual’s utility for any type of vehicle is also expected to be influenced by 

benefits or status derived from a particular observed or unobserved product characteristic. 

There are an endless number of ways in which these preferences could change by state or 

region – such as a greater preference for American-made cars in Detroit or for trucks in 

rural areas. For HEVs, certain states and municipalities provide benefits such as High-

Occupancy-Vehicle (HOV) lane privileges, free parking or exemption from emissions 

testing (DOE State Incentives for Hybrid Electric Vehicles 2004). Additionally, in states 

where the population tends to be more environmentally friendly, HOV ownership may 

afford the owner a greater social standing among peers. For the time being, I will lump all 

of these factors into one variable, B, to indicate certain monetary and non-monetary 

benefits over time of owning an HEV. In the actual application of the model to state and 

local data in the following chapters, I will elaborate on the specific predictor variables 

that serve as a proxy for B.  
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 Next, I focus on the price term in equation 4 to bring in a number of other factors 

that vary by state. I decompose the total ownership price into two different components, 

the upfront cost of the vehicle plus the discounted lifetime fuel costs19:  

 
fuelupfront ppp β+=  

 
where β is a discount coefficient. This is where I am able to introduce several other 

factors that vary by state: tax incentives, gasoline prices per gallon and travel habits. The 

upfront cost for the vehicle will be the purchase price minus any state tax incentives, 

credits or rebates, represented as T, for purchasing HEV vehicles. Fuel costs are 

proportional to the product of the price of gas per gallon, pgas and the number of miles 

traveled during a given period, VMT. While there are other factors that influence total 

ownership costs of hybrid vehicles, such as maintenance costs, battery replacement, 

registration, etc, I will assume that these terms either do not vary by state, or that they 

affect all vehicles equally and therefore would not affect the total market share 

distribution. 

 Thus, price and individual preference per state in equation 4 can be expressed as: 

),,(
),(

VMTpTfp
Byf

gassh

s

=
=ζ

 

 
where each variable represents the average value for particular state.  Equation 4 then 

becomes: 

 
                                                 
19 There is considerable debate over how consumers factor fuel costs into automobile purchases, and how 
discount rates and expectations of future prices factor into personal calculations (Sperling, Bunch, and 
Burke 2004). For the model, I introduce the fuel costs only to the extent that they vary by state and would 
make consumers in one state more or less likely to purchase a HEV during that particular time interval.  
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( )θ;,,,, VMTpTByfs gashs =  
Equation 5 

 
 
 Irvine (1983) further transforms market share into a logarithmic odds form. This 

transformation avoids the potential for the model forecasting shares outside the (0,1) 

interval (Irvine 1983). The resulting equation is: 
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Equation 6 
 
 

While this distinction is important for forecasting large values of market share, it is not as 

important for the small values of the recent market share associated with individual 

hybrid models. As long as market share is below a reasonable value (roughly 5%), the 

value of the odds is almost identical to un-transformed value. For example, at sh = .01, 

the value of the odds(sh) = .01/(1-.01) = .010101, a difference of approximately 1%.  At 

the maximum value of market share used in the subsequent analysis, sh = 0.041, odds(sh) 

= .041/(1-.041) = .041667, a difference of approximately 4%. Additionally, since I am 

trying to explain historical patterns for market share rather than predicting future market 

share, I am not as concerned as Irvine by the potential for prediction errors outside the 

(0,1) interval. Therefore, I use the log value of the actual share somewhat interchangeably 

with the log odds form when the former specification allows for a more straightforward 

interpretation of the results. 
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 Equation (6) represents the broad final form of the model, but does not provide an 

actual mathematical specification for use in regression. In the following chapters, I 

discuss the specifications that I use to test the model on two different data sets – hybrid 

market share for U.S. states and market share for individual counties in Virginia. 

Additionally, I will break down two of the variables, B and T, into several additional 

variables to account for specific controls and incentives.  
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6. Cross-Sectional Analysis of U.S. States 

 

 In Chapter 5, I provided a theoretical basis for a cross-sectional model of state 

hybrid market share. In this chapter, I test this model with actual market share data and 

interpret the results to draw conclusions about the impact of each predictor on state 

market share. 

 

6.1 Description of Data 

 I used the cross-sectional model to examine the relationship between the predictor 

variables and state market share for three individual HEV models – the Honda Civic 

Hybrid, Toyota Prius and Ford Escape – using registration data from 2001 to 2006. I 

chose these three individual models because they represented the top selling hybrid 

sedans and the top selling hybrid SUV during this time period, and because they each had 

three or more years of price data. Additionally, each of these HEVs is in the median price 

range for their vehicle class (approximately $20,000-25,000), so they represent a 

reasonable substitute to conventional gasoline sedans for most consumers purchasing new 

cars.  Other hybrid models with several years of sales history tend to be limited to a much 

smaller segment of the market. Although the Honda Insight was the first hybrid sold in 

the United States and offered the best fuel economy of any gasoline powered vehicle, its 

two-passenger capacity, limited cargo space and rough handling made it a poor substitute 
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for conventional sedans or coupes. A 2000 J.D. Power report found that 43% of 

households purchasing the Insight immediately after its introductory year actually 

purchased it as an additional household vehicle, not as a replacement for an existing car 

(Santini and Vyas 2005). The Honda Accord Hybrid was designed and marketed more as 

a performance hybrid, while prices for the Toyota Highlander Hybrid and Lexus RX450h 

SUVs were approximately $35,000 and $45,000, respectively, in 2007, placing them out 

of reach financially for a large percentage of new car shoppers (Edmonds.Com 2007).  

 Table 2 describes the data sources used to construct the variables in the cross-

sectional regressions of state market shares: 
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Table 2:  List of Variables and Data Sources 
Variable Data Source 
sh Market share of hybrids as a percentage 

of all new car registrations (for car 
models) or hybrids as a percentage of all 
new light truck registrations (for SUV 
models) during a particular time period). 

R.L. Polk Corporation (2007). 
Polk provided a dataset of total 
registrations of particular hybrid 
models for each state from 2001 
- 2006, as well as a separate 
dataset of total new car and new 
light truck registrations for each 
year. These datasets were 
combined and manipulated to 
create the market share ratio 
variable.20 
 

VMT Vehicle Miles Traveled per capita 
(annual data was available only through 
2005, so 2005 data is substituted for 
2006)21 

US Department of 
Transportation Annual Highway 
Statistics publications (Highway 
Statistics 2001-2005) 
 

Gas Yearly average gasoline price per state 
for 2001 - 2006 (average of monthly fuel 
price for each state, all gasoline blends, 
including federal and local taxes)  
 

Federal Highway 
Administration, Monthly Motor 
Fuel Report (Monthly Motor 
Fuels Report 2007) 

Tax Combined value of all federal and state-
wide tax incentives, rebates and other 
monetary benefits based on a 28% 
federal personal income tax rate and base 
model purchase prices 
 

Incentive data from Department 
of Energy, Energy Efficiency 
and Renewable Energy Division 
(DOE EERE) and 
ElectricDrive.org. Base model 
prices from Edmunds.Com 

HOV Dummy variable for HOV restriction 
exemptions for hybrids on one or more 
major highways in a state. 
 

DOE EERE and 
ElectricDrive.org 

PCI State per capita income US Census Bureau  
 

GPC Green Planning Capacity Index Resource Renewal Institute 
                                                 
20 Disclaimer: Statistics based on R. L. Polk & Co. data for new hybrid vehicle registrations. The analyses 
and results expressed herein are those of the author and do not reflect conclusions derived by R. L. Polk & 
Co. 
21 In a cross-sectional regression, the significance of the variable is determined by the variance or relative 
value of the variable between states rather than the actual magnitude of the value. Since state-to-state 
variance in VMT is fairly stable from year to year, I do not anticipate a significant error in using 2005 
values for 2006. 
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 The non-monetary benefits variable B from the original characterization has been 

replaced by two separate variables. The first is the dummy variable HOV to represent 

HOV lane privileges on one or more major highways. The second variable is the Green 

Planning Capacity Index, GPC, developed by the Research Renewal Institute as an 

aggregate of four separate variables measuring each state’s environmental management 

framework, level of environmental policy innovation, fiscal and program commitment to 

green planning, and the quality of environmental governance (Siy, Koziol, and Rollins 

2001). In essence, I am using this variable as a proxy for the relative value that residents 

from each state place on conserving energy and protecting the environment, in the 

absence of detailed state-level survey data on this particular question. Implicit in the use 

of the variable is the assumption that a state government’s performance in each of the 

factors making up the index is a reflection of the value its citizens place on that particular 

aspect of environmentalism and green planning.  I will rely on the significance of the 

variable in the actual regression analysis to provide validity for this assumption. 

 To construct the Tax variable, which represents the present monetary value of 

government incentives, I added the value of any state tax incentives to the federal tax 

incentive for that variable, which is constant across all states. While this increases the 

mean value of the variable, it does not affect the variance and should not affect the 

significance of the variable in the regression results. The inclusion of federal incentives is 

not necessary for the OLS regression. However, it is useful for other specifications 

because it provides a non-zero value for each state observation, which allows for a 

logarithmic transformation of the Tax variable.  
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 State incentive schemes vary widely, and include rebates, tax credits and tax 

deductions. Some of these incentives are of equal value for all models, while others are 

either tailored to a specific model or offered as a percentage of the purchase price. Other 

state incentives were in the form of reductions or waivers for registration and inspection 

fees for a number of years. In calculating the monetary value of state and federal tax 

incentive for each model and year I made the following assumptions: 

• The highest value of the incentive at any time during the year was used as the 

incentive value for that year. 

• The value of the federal tax deduction for each state was calculated as 28% of the 

deduction, representative of a 28% federal tax rate. State income tax rate rates 

were not included22.  

• For waivers or reductions of fees, the Net Present Value of the incentive stream 

into the future was used. This value was calculated based on a 10 year ownership 

period at 5% annual interest rate23. 

                                                 
22 The $2000 hybrid federal tax deduction offered through 2005 was subtracted directly from adjusted gross 
income. Therefore, living in a state with a state income tax rate based on AGI would increase the real value 
of the federal tax deduction by lowering federal and state taxable income. As an example: I assumed that a 
$2000 federal tax deduction was worth $560 at a 28% federal tax rate. If state law allowed this deduction to 
also apply to state taxable income, then at 10% state tax rate the federal deduction would also reduce state 
tax liability by $200. However, the effect is mitigated by the federal deduction for state tax paid. Since the 
individual pays $200 less in state tax, their federal taxable income would in turn be increased by $200, 
increasing federal tax liability (for the 28% bracket) by $56. Thus, the real value of the incentive is a net 
$144 ($200-$56) more for a resident of this state than a state that has no income tax. Due to the wide 
variation in state tax brackets and schemes, however, it was difficult if not impossible to capture this effect 
as an average numerical value. Nine states have no state income tax, and all other states have tax rates less 
than 10%. Therefore, the maximum error introduced by omitting the state tax effect would be 
approximately $144 (as shown in the example above). A detailed study on the effect of state tax rates on 
migration of human capital places the average state tax rate at 3.22% with a maximum average rate of 
8.45% (Pema), but did not provide a state-by-state breakdown. These rates also varied significantly by 
population demographic. Starting in 2006, federal incentives were provided in the form of a tax credit, 
which would not affect state income tax liability. 
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• For incentives based on the price of the vehicle, the base model retail price for an 

automatic transmission was used, based on historical new car price data from 

autos.msn.com. I used the price for a particular model year as the price for the 

calendar year, except for the Honda Civic Hybrid in 2002, which was only 

available as a 2003 model, and the Ford Escape in 2004, which was only available 

as a 2005 model. In those cases, I used the price for the subsequent model year. 

For the Ford Escape Hybrid, which was available in both 2-wheel drive and 4-

wheel drive variants, the average of the base model price of the 2-wheel and 4-

wheel drive model was used. 

 

 Table 3 shows the prices and federal tax incentives used for each year and model: 

 

                                                 
23 The 10 year ownership period and 5% discount rate was used for convenience. In the few states that had 
annual fee waivers, changes in ownership period and discount rate would not have substantially changed 
the overall significance or magnitude of the incentive predictor variable in the regression. 
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Table 3: Prices and Incentives for Hybrid Models 

Model Year Price 
Federal Incentive 

Value 
Honda Civic 2002 $20,550 $560 
Honda Civic 2003 $20,550 $560 
Honda Civic 2004 $20,800 $560 
Honda Civic 2005 $21,050 $560 
Honda Civic 2006 $22,160 $2,100 
Toyota Prius 2001 $19,995 $560 
Toyota Prius 2002 $19,995 $560 
Toyota Prius 2003 $19,995 $560 
Toyota Prius 2004 $20,295 $560 
Toyota Prius 2005 $21,275 $560 
Toyota Prius 2006 $21,725 $3,150 
Ford Escape 2004 $27,643 $560 
Ford Escape 2005 $27,643 $560 
Ford Escape 2006 $27,713 $2,275 

 

 

6.2 Summary of Variable Data 

 A complete list of market share values for each model and year is omitted. 

However, figures 4, 5 and 6 show the relative levels of the dependent variable, market 

share, for the Toyota Prius, Honda Civic Hybrid and Ford Escape Hybrid, respectively, 

during 2006. The maps for each individual model and year are similar. 
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Figure 4: Toyota Prius Market Share 2006 
 
 
 

 

Figure 5: Honda Civic Hybrid Market Share 2006 
 

market share fraction 

market share fraction 

Source: RL Polk and Co Registration Data 

Source: RL Polk and Co Registration Data 
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Figure 6: Ford Escape Hybrid Market Share 2006 
 

 
 
 Tables 4 and 5 list annual state rankings for combined (for all models) hybrid car 

and light truck market shares, shown in order of highest to lowest market share: 

market share fraction 

Source: RL Polk and Co Registration Data 
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Table 4: State Rankings for Hybrid Car Market Share (Highest to Lowest) 
Rank 2001 Cars 2002 Cars 2003 Cars 2004 Cars 2005 Cars 2006 Cars 

1 WASHINGTON        WASHINGTON        VIRGINIA                 OREGON                   OREGON                   OREGON                   
2 OREGON                   OREGON                   WASHINGTON        DC DC DC 
3 VERMONT                DC OREGON                   WASHINGTON        WASHINGTON        CALIFORNIA           
4 COLORADO             VIRGINIA                DC CALIFORNIA           CALIFORNIA           VERMONT                
5 CALIFORNIA           CALIFORNIA           CALIFORNIA           VIRGINIA                 MAINE                      WASHINGTON        
6 VIRGINIA                 MAINE                      MAINE                      MONTANA               VERMONT                MAINE                      
7 IDAHO                       VERMONT                VERMONT                WYOMING               WYOMING               IDAHO                       
8 MAINE                      COLORADO             IDAHO                      MAINE                      COLORADO             COLORADO             
9 MASS                  N HAMPSHIRE        MARYLAND            VERMONT                MONTANA               MONTANA              

10 WISCONSIN             ALASKA                   COLORADO             IDAHO                       VIRGINIA                 VIRGINIA                 
11 RHODE ISLAND      MASS                  N HAMPSHIRE         MARYLAND            N HAMPSHIRE         WYOMING               
12 MARYLAND            IDAHO                       MONTANA               COLORADO             IDAHO                       MASS                  
13 N HAMPSHIRE         MARYLAND            N MEXICO                N HAMPSHIRE         NEW MEXICO          N HAMPSHIRE         
14 N MEXICO                N MEXICO                UTAH                        N MEXICO                MASS                WISCONSIN             
15 DC WISCONSIN             MASS                  MASS                  WISCONSIN             NEW MEXICO          
16 KENTUCKY              S DAKOTA               ALASKA                   ALASKA                   DELAWARE             MARYLAND            
17 ARIZONA                  ARIZONA                 WISCONSIN             UTAH                        UTAH                        UTAH                        
18 UTAH                        KANSAS                   ARIZONA                  HAWAII                    CONN            IOWA                         
19 INDIANA                  MONTANA               WYOMING               WISCONSIN             MARYLAND            S DAKOTA              
20 WYOMING               CONN                 RHODE ISLAND      ARIZONA                  N CAROLINA           CONN            
21 MONTANA               UTAH                        CONN               RHODE ISLAND      IOWA                         N CAROLINA           
22 KANSAS                    IOWA                         N CAROLINA           MINNESOTA            S DAKOTA               DELAWARE            
23 N CAROLINA           WYOMING               IOWA                         KANSAS                    MINNESOTA            KANSAS                    
24 MICHIGAN               N CAROLINA          KANSAS                    IOWA                         RHODE ISLAND      ALASKA                   
25 TEXAS                       MINNESOTA            HAWAII                    CONN      ARIZONA                  HAWAII                    
26 OKLAHOMA            NEVADA                   MINNESOTA            N CAROLINA           KANSAS                    MINNESOTA            
27 S DAKOTA               ILLINOIS                   S DAKOTA               DELAWARE             NEBRASKA              RHODE ISLAND      
28 OHIO                          RHODE ISLAND      INDIANA                  N DAKOTA               ALASKA                   ARIZONA                  
29 NEW YORK              INDIANA                  DELAWARE             NEVADA                   N DAKOTA               ARKANSAS             
30 MINNESOTA            TEXAS                       NEVADA                   ILLINOIS                   W VIRGINIA             NEBRASKA              
31 MISSOURI                DELAWARE            ILLINOIS                   INDIANA                  HAWAII                    ILLINOIS                   
32 ARKANSAS              MISSOURI                NEBRASKA              S DAKOTA              PENNSYLVANIA     W VIRGINIA             
33 IOWA                         KENTUCKY             W VIRGINIA             NEBRASKA              ILLINOIS                   INDIANA                  
34 GEORGIA                  OHIO                         OKLAHOMA            W VIRGINIA             ARKANSAS              PENNSYLVANIA     
35 NEVADA                   NEW YORK              OHIO                         PENNSYLVANIA     NEW YORK              NEW YORK              
36 W VIRGINIA             GEORGIA                 MISSOURI                NEW YORK              INDIANA                  S CAROLINA            
37 TENNESSEE             HAWAII                    N DAKOTA               KENTUCKY              KENTUCKY              KENTUCKY              
38 CONN         OKLAHOMA           KENTUCKY              TEXAS                       TEXAS                       TEXAS                       
39 HAWAII                    ARKANSAS              GEORGIA                  MISSOURI               NEVADA                   OHIO                          
40 NEBRASKA              NEBRASKA              TEXAS                       NEW JERSEY           S CAROLINA            N DAKOTA               
41 PENNSYLVANIA     PENNSYLVANIA     NEW YORK              OKLAHOMA            MISSOURI                MISSOURI                
42 ALABAMA               TENNESSEE             TENNESSEE             OHIO                          TENNESSEE             TENNESSEE             
43 ILLINOIS                   FLORIDA                  ARKANSAS              TENNESSEE             GEORGIA                  GEORGIA                  
44 N DAKOTA               NEW JERSEY           PENNSYLVANIA     ARKANSAS              OHIO                          NEVADA                   
45 S CAROLINA            S CAROLINA            ALABAMA               GEORGIA                  NEW JERSEY           NEW JERSEY           
46 NEW JERSEY           ALABAMA               FLORIDA                  MICHIGAN               ALABAMA               ALABAMA               
47 FLORIDA                  MICHIGAN               S CAROLINA            S CAROLINA            FLORIDA                  FLORIDA                 
48 DELAWARE             W VIRGINIA            N JERSEY                 ALABAMA               MICHIGAN               MISSISSIPPI             
49 MISSISSIPPI             N DAKOTA              MICHIGAN               FLORIDA                  MISSISSIPPI             LOUISIANA              
50 LOUISIANA              LOUISIANA              MISSISSIPPI             MISSISSIPPI            LOUISIANA              MICHIGAN               
51 ALASKA                   MISSISSIPPI             LOUISIANA              LOUISIANA              OKLAHOMA            OKLAHOMA            
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Table 5: State Rankings for Hybrid Light Truck Market Share (Highest to Lowest) 
Rank 2004 Trucks 2005 Trucks 2006 Trucks 

1 DC DC DC 
2 VIRGINIA                       CALIFORNIA                     CALIFORNIA                     
3 WASHINGTON                     WASHINGTON                     WASHINGTON                     
4 OREGON                         VIRGINIA                       OREGON                         
5 CALIFORNIA                     CONNECTICUT                    VIRGINIA                       
6 MARYLAND                       OREGON                         COLORADO                       
7 MASS                  MASS                  CONNECTICUT                    
8 N HAMPSHIRE                  NEW YORK                       MASS                  
9 VERMONT                        MARYLAND                       MARYLAND                       

10 CONNECTICUT                    VERMONT                        NEW YORK                       
11 MAINE                          COLORADO                       ILLINOIS                       
12 DELAWARE                       ILLINOIS                       RHODE ISLAND                   
13 MICHIGAN                       HAWAII                         VERMONT                        
14 NEW YORK                       RHODE ISLAND                   N MEXICO                     
15 NEW JERSEY                     NEW JERSEY                     NEW JERSEY                     
16 RHODE ISLAND                  N CAROLINA                 WISCONSIN                      
17 ALASKA                         NEVADA                         N HAMPSHIRE                  
18 PENNSYLVANIA               N HAMPSHIRE                  NEVADA                         
19 MONTANA                        PENNSYLVANIA                IDAHO                          
20 COLORADO                       MAINE                          MAINE                          
21 NEVADA                         WISCONSIN                      UTAH                           
22 ILLINOIS                       MINNESOTA                      PENNSYLVANIA                
23 N CAROLINA                 N MEXICO                     MINNESOTA                      
24 MINNESOTA                      KANSAS                         KANSAS                         
25 UTAH                           FLORIDA                        DELAWARE                       
26 MISSOURI                       KENTUCKY                       IOWA                           
27 INDIANA                        DELAWARE                       MONTANA                        
28 GEORGIA                        IDAHO                          ALASKA                         
29 W VIRGINIA                  IOWA                           N CAROLINA                 
30 NEW MEXICO                     MONTANA                        HAWAII                         
31 OHIO                           NEBRASKA                       ARIZONA                        
32 IDAHO                          ARIZONA                        S DAKOTA                   
33 KENTUCKY                       OHIO                           NEBRASKA                       
34 FLORIDA                        GEORGIA                        KENTUCKY                       
35 HAWAII                         TENNESSEE                      INDIANA                        
36 TENNESSEE                      MISSOURI                       OHIO                           
37 NEBRASKA                       INDIANA                        FLORIDA                        
38 ALABAMA                        TEXAS                          MISSOURI                       
39 WISCONSIN                      UTAH                           WYOMING                        
40 IOWA                           ALASKA                         TENNESSEE                      
41 ARIZONA                        WYOMING                        GEORGIA                        
42 TEXAS                          S CAROLINA                 TEXAS                          
43 S CAROLINA                 W VIRGINIA                  S CAROLINA                 
44 LOUISIANA                      ALABAMA                        W VIRGINIA                  
45 ARKANSAS                       ARKANSAS                       ARKANSAS                       
46 KANSAS                         MICHIGAN                       MICHIGAN                       
47 MISSISSIPPI                    S DAKOTA                   N DAKOTA                   
48 N DAKOTA                   LOUISIANA                      ALABAMA                        
49 OKLAHOMA                       OKLAHOMA                       MISSISSIPPI                    
50 S DAKOTA                   MISSISSIPPI                    OKLAHOMA                       
51 WYOMING                        N DAKOTA                   LOUISIANA                      

 
 
 

 Several basic observations stem directly from these geographic plots and annual 

rankings tables. First, the state rankings have remained fairly stable since the initial 

introduction of the HEV. This may be an indicating that as overall sales continue to rise, 

the same underlying factors continue to explain the variance in market shares between 
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states. This addresses one potential pitfall to considering only a single year in each 

regression, the possibility that high sales in a state may be due to temporary changes in 

delivery patterns or that high sales one year to early adopters would limit demand in 

future years. Second, the states with highest percentage of HEV sales include some of the 

most liberal or “green” states24, such as California, Washington, Oregon, Maine, Vermont 

and Massachusetts, which I expected for a technology generally associated with 

environmental benefits.  

 The geographic plots also suggest some degree of spatial relationship, with large 

clusters of neighboring states having similar market share values. However, several of the 

predictor variables, including gas prices, income, and dealer locations exhibit a similar 

spatial trend and are expected to be significantly related to market share.  Gasoline, in 

particular, is more expensive on the U.S. West Coast than in the rest of the country due to 

high demand coupled with limited refinery and pipeline capacity (Washington State 

Gasoline Report 2007). I have not included any potential spatial relationships in this 

analysis, at the risk that the omission may bias my results. 

 Table 6 provides summary information for both the dependent and independent 

variables used in the analysis: 

 

 

                                                 
24 As measured by the Green Planning Capacity (GPC) Index, (Siy, Koziol, and Rollins 2001). 
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Table 6: Summary of Variables 
Variable Description Obs Mean Std. Dev. Min Max 
civic02 Civic Market Share 02 51 0.00171 0.00091 0.00060 0.00403 
civic03 Civic Market Share 03 51 0.00282 0.00177 0.00080 0.00996 
civic04 Civic Market Share 04 51 0.00345 0.00198 0.00105 0.01041 
civic05 Civic Market Share 05 51 0.00353 0.00173 0.00118 0.00915 
civic06 Civic Market Share 06 51 0.00398 0.00180 0.00134 0.00945 
civic07 Civic Market Share 07 51 0.00433 0.00218 0.00170 0.01182 
prius01 Prius Market Share 01 51 0.00281 0.00264 0.00000 0.01486 
prius02 Prius Market Share 02 51 0.00257 0.00199 0.00041 0.00880 
prius03 Prius Market Share 03 51 0.00323 0.00209 0.00081 0.00924 
prius04 Prius Market Share 04 51 0.00761 0.00506 0.00218 0.02361 
prius05 Prius Market Share 05 51 0.01441 0.00761 0.00369 0.03615 
prius06 Prius Market Share 06 51 0.01478 0.00800 0.00368 0.04089 
escape04 Escape Market Share 04 51 0.00026 0.00045 0.00000 0.00247 
escape05 Escape Market Share 05 51 0.00177 0.00174 0.00040 0.01267 
escape06 Escape Market Share 06 51 0.00231 0.00211 0.00054 0.01488 
civic02tax Civic incentives 02 (State + Fed) 51 $806 $691 $560 $3,775 
civic03tax Civic incentives 03 (State + Fed) 51 $807 $691 $560 $3,775 
civic04tax Civic incentives 04 (State + Fed) 51 $882 $753 $560 $4,000 
civic05tax Civic incentives 05 (State + Fed) 51 $845 $689 $560 $3,635 
civic06tax Civic incentives 06 (State + Fed) 51 $2,375 $713 $2,100 $5,475 
prius01tax Prius incentives 01 (State + Fed) 51 $801 $800 $560 $4,310 
prius02tax Prius incentives 02 (State + Fed) 51 $816 $832 $560 $4,489 
prius03tax Prius incentives 03 (State + Fed) 51 $798 $750 $560 $4,172 
prius04tax Prius incentives 04 (State + Fed) 51 $846 $715 $560 $3,710 
prius05tax Prius incentives 05 (State + Fed) 51 $852 $806 $560 $4,310 
prius06tax Prius incentives 06 (State + Fed) 51 $3,446 $796 $3,150 $6,900 
esc04tax Escape incentives 04 (State + Fed) 51 $861 $780 $560 $3,828 
esc05tax Escape incentives 05 (State + Fed) 51 $830 $755 $560 $3,828 
esc06tax Escape incentives 06 (State + Fed) 51 $2,554 $766 $2,275 $5,618 
hov01 HOV dummy 2001 51 0.0196 0.1400 0 1 
hov02 HOV dummy 2002 51 0.0196 0.1400 0 1 
hov03 HOV dummy 2003 51 0.0196 0.1400 0 1 
hov04 HOV dummy 2004 51 0.0196 0.1400 0 1 
hov05 HOV dummy 2005 51 0.0588 0.2376 0 1 
hov06 HOV dummy 2006 51 0.1373 0.3475 0 1 
pcinc01 Per Capita Income 01 51 $29,543 $4,808 $21,967 $44,210 
pcinc02 Per Capita Income 02 51 $29,902 $4,721 $22,346 $44,543 
pcinc03 Per Capita Income 03 51 $30,692 $4,771 $23,069 $46,606 
pcinc04 Per Capita Income 04 51 $32,312 $5,160 $24,009 $50,240 
pcinc05 Per Capita Income 05 51 $33,671 $5,521 $24,664 $52,811 
pcinc06 Per Capita Income 06 51 $35,471 $5,735 $26,535 $55,755 
vmt01 Per Capita Miles 01 51 10448 2040 6556 17495 
vmt02 Per Capita Miles 02 51 10464 2079 6213 18061 
vmt03 Per Capita Miles 03 51 10504 1955 7037 18376 
vmt04 Per Capita Miles 04 51 10604 1964 6760 18283 
vmt05 Per Capita Miles 05 51 10584 1931 6745 17785 
gas2001 Average gas price 2001 50 $1.49 $0.10 $1.26 $1.84 
gas2002 Average gas price 2002 50 $1.43 $0.07 $1.23 $1.62 
gas2003 Average gas price 2003 49 $1.60 $0.09 $1.40 $1.83 
gas2004 Average gas price 2004 50 $1.89 $0.10 $1.71 $2.15 
gas2005 Average gas price 2005 50 $2.30 $0.08 $2.14 $2.60 
gas2006 Average gas price 2006 50 $2.60 $0.10 $2.43 $2.99 
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 Although I had market share observations for Washington, DC, gas prices in DC 

are not included in the Federal Highway Administration’s Monthly Motor Fuels Report. 

The lack of information on DC gas prices that was consistent with the other gas price 

observations led me to omit observations from DC in the regression analysis. Gas prices 

also were not available for Connecticut in 2003, so the 2003 regressions do not include 

observations from Connecticut.  

 

6.3 Model Specification 

 Thus far, I have characterized market share as a function of the independent 

variables, but have not specified an exact functional form for the relationship. Since there 

is no theoretically evident ideal form for the cross-sectional specification between states, 

I will follow the suggestion of Bajic (1988) that the choice of specification be determined 

empirically based on the form that best fits the data. In fact, I test the data using three 

different specifications.  

 The most basic specification is the Ordinary Least Squares (OLS) regression, 

which has the form 

εββββββα +++++++= GPCVMTgasHOVTaxPCIsh 654321  

using the variables described earlier in table 2. Using standard econometric practices, I 

performed regression analysis with this basic specification first, to test for the basic 

significance of each variable. The OLS form allows me to display beta values as an 

indication of the relative magnitude of the effect of each significant dependent variable. 

However, graphical plots of the residuals and analysis of the data using the Breusch-
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Pagan/Cook-Weisberg test for heteroskedasticity in STATA indicated significant 

heteroskedasticity problems in the OLS specification for states with higher market share. 

 As an alternative to the OLS specification, I also tested a log-log specification 

similar to Irvine (1983) but substituted the log of the market share for log odds value 

based on the small value approximation. The form of this specification is: 

εβββ
βββα

++++
+++=

GPCVMTgas
HOVTaxPCIsh

logloglog
logloglog

654

321  

The log-log regression results generally provided a better fit to the data, indicated by the 

adjusted R2 values, as well as an absence of heteroskedasticty as indicated by graphical 

and numerical analysis. The log-log form is also useful because it allows the 

interpretation of the regression coefficient for each variable as the elasticity of market 

share with respect to that predictor. Lastly, the log-log form is also consistent with Box-

Cox transformations of the data for each year and model, as suggested by Bajic (1988)25.  

 I also regressed the data using a log-linear form similar to Button et al. (1993), but 

substituting the log of the market share for log odds value based on the small value 

approximation: 

εββββββα +++++++= GPCVMTgasHOVTaxPCIsh 654321log  

The results of the log-linear analysis were similar to the log-log form, but with generally 

lower R2 values, so I have not included detailed tables of results. 

 

                                                 
25 Box-Cox transformations for each data panel failed to reject the null hypothesis of lamda = 0, and 
generally returned lamda values between -.5 and .5. 
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6.4 Regression Results 

 Tables 7, 8 and 9 show annual log-log regression results for the Honda Civic 

Hybrid, Toyota Prius and Ford Escape, respectively, for the years each model was 

available.  
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Table 7: Log-Log Regression Results for Toyota Prius 
Prius 2001 2002 2003 2004 2005 2006 

Indep Variable 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

       

log_Tax 

0.093 
(0.196) 
0.639 

0.086 
(0.152) 
0.576 

0.167 
(0.124) 
0.186 

0.110 
(0.119) 
0.364 

0.176 
(0.113) 
0.126 

0.211 
(0.348) 
0.549 

HOV 

1.209 
(0.690) 
0.087* 

1.257 
(0.547) 
0.027** 

1.146 
(0.431) 
0.011** 

0.967 
(0.417) 
0.025** 

0.176 
(0.237) 
0.463 

0.136 
(0.180) 
0.454 

log_pcinc 

0.661 
(0.883) 
0.459 

1.073 
(0.708) 
0.137 

1.071 
(0.598) 
0.080* 

1.334 
(0.535) 
0.017** 

1.130 
(0.480) 
0.023** 

0.372 
(0.524) 
0.481 

log_vmt 

1.723 
(0.706) 
0.019** 

1.113 
(0.525) 
0.040** 

1.892 
(0.467) 
0.000*** 

1.911 
(0.464) 
0.000*** 

1.446 
(0.443) 
0.002*** 

1.352 
(0.498) 
0.010*** 

log_gas 

5.730 
(1.827) 
0.003*** 

8.446 
(1.727) 
0.000*** 

8.399 
(1.268) 
0.000*** 

10.197 
(1.423) 
0.000*** 

9.026 
(1.883) 
0.000*** 

9.490 
(2.098) 
0.000*** 

log_gpc 

0.451 
(0.225) 
0.052* 

0.404 
(0.171) 
0.023** 

0.200 
(0.133) 
0.140 

0.105 
(0.127) 
0.416 

0.224 
(0.122) 
0.074* 

0.294 
(0.129) 
0.027** 

Constant 

-59.683 
(16.337) 
0.001 

-71.445 
(13.958) 
0.000 

-78.881 
(12.064) 
0.000 

-91.134 
(12.490) 
0.000 

-80.531 
(14.458) 
0.000 

-76.266 
(15.786) 
0.000 

       
N 48 50 49 50 50 50 
F(  6,    41) 3.070 7.190 9.57 11.16 6.33 4.940 
Prob > F 0.014 0.000 0 0 0.000 0.001 
R2 0.310 0.501 0.577 0.6089 0.469 0.408 
Adj R2 0.209 0.431 0.517 0.5543 0.395 0.325 
Root MSE 0.663 0.528 0.415 0.4037 0.391 0.416 
       
*** P < .01 
**   P < .05 
*     P < .10       
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Table 8: Log-Log Regression Results for Honda Civic Hybrid 
Civic 2002 2003 2004 2005 2006 

Indep Variable 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

Coef. 
(SE) 
P>t 

      

log_tax 

0.065 
(0.112) 
0.569 

0.154 
(0.103) 
0.141 

0.090 
(0.100) 
0.372 

0.164 
(0.112) 
0.151 

0.012 
(0.239) 
0.959 

HOV 

1.040 
(0.392) 
0.011** 

1.632 
(0.357) 
0.000*** 

1.481 
(0.363) 
0.000*** 

0.288 
(0.226) 
0.209 

0.138 
(0.153) 
0.372 

log_pcinc 

0.727 
(0.507) 
0.158 

0.585 
(0.495) 
0.244 

0.688 
(0.464) 
0.145 

0.789 
(0.457) 
0.091* 

0.178 
(0.445) 
0.691 

log_vmt 

1.392 
(0.377) 
0.001*** 

1.386 
(0.391) 
0.001*** 

1.630 
(0.406) 
0.000*** 

1.329 
(0.426) 
0.003*** 

0.843 
(0.424) 
0.053* 

log_gas 

5.124 
(1.234) 
0.000*** 

6.093 
(1.051) 
0.000*** 

7.169 
(1.238) 
0.000*** 

7.568 
(1.791) 
0.000*** 

7.154 
(1.784) 
0.000*** 

log_gpc 

0.287 
(0.123) 
0.025** 

0.284 
(0.111) 
0.014** 

0.184 
(0.112) 
0.108 

0.123 
(0.118) 
0.305 

0.192 
(0.109) 
0.086* 

Constant 

-53.718 
(10.012) 
0.000 

-57.812 
(10.077) 
0.000 

-66.842 
(10.885) 
0.000 

-68.939 
(13.806) 
0.000 

-55.852 
(13.365) 
0.000 

      
N 50 49 50 50 50 
F(  6,    41) 5.850 10.18 8.99 4.3 3.630 
Prob > F 0.000 0 0 0.002 0.005 
R2 0.449 0.593 0.5564 0.375 0.336 
Adj R2 0.372 0.535 0.4945 0.288 0.243 
Root MSE 0.378 0.344 0.3514 0.372 0.354 
      
*** P < .01 
**   P < .05 
*     P < .10      
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Table 9: Log-Log Regression Results for Ford Escape Hybrid 
Ford Escape Hybrid 2004 2005  2006 

Indep Variable 

Coef. 
(Std. Err.) 
P>t 

Coef. 
Std. Err. 
P>t 

Coef. 
Std. Err. 
P>t 

    

log_tax 

0.435 
(0.332) 
0.199 

0.179 
(0.104) 
0.091* 

0.177 
(0.280) 
0.530 

HOV 

2.581 
(1.179) 
0.035** 

0.313 
(0.202) 
0.128 

0.121 
(0.169) 
0.476 

log_pcinc 

7.230 
(1.918) 
0.001*** 

1.474 
(0.411) 
0.001*** 

1.082 
(0.493) 
0.033** 

log_vmt 

2.935 
(1.744) 
0.101 

0.406 
(0.379) 
0.290 

-0.124 
(0.468) 
0.792 

log_gas 

12.237 
(4.242) 
0.007*** 

5.814 
(1.603) 
0.001*** 

5.280 
(1.961) 
0.010*** 

log_gpc 

0.649 
(0.417) 
0.128 

0.326 
(0.104) 
0.003*** 

0.239 
(0.120) 
0.054* 

Constant 

-180.891 
(45.111) 
0.000 

-59.587 
(12.355) 
0.000 

-48.052 
(14.819) 
0.002** 

    
N 43 50 50 
F(6, 43) 8.71 11.43 7.250 
Prob > F 0 0.000 0.000 
R2 0.592 0.615 0.503 
Adj R2 0.524 0.561 0.434 
Root MSE 1.127 0.333 0.390 
    
*** P < .01 
**   P < .05 
*     P < .10    
 

 

 The regression results are fairly consistent with regard to the significance and 

effect of a number of the independent predictor variables. Gas price was significant every 

year for all three vehicle models. Gas prices also had the strongest effect on market share, 

with regression coefficients (which can be interpreted as elasticities for a log-log 
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specification) of between 5.0 and 12.0. In other words, a 10% increase in average gas 

prices would result in, on average, a 50 - 120% increase in state hybrid market share, 

depending on the year. In most cases, these coefficients were at least five times greater in 

magnitude than any other single predictor. The significant relationship between gasoline 

prices and market share is also evident from simple plots of market share vs. state 

average gasoline prices, as shown in Figure 7, which shows 2006 market share for hybrid 

cars versus average gasoline price for each state and a fitted linear least squares 

regression line. 

 
 

 

Figure 7: Market Share vs. Average Gas Price 2006 

Sources: RL Polk & Co Data and FHA Monthly 
Motor Fuels Report 
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 Average Vehicle Miles Traveled (VMT) per capita was also significant for the 

Prius and Honda Civic Hybrid. Coefficients were generally between 1.0 and 2.0, meaning 

that a 10% increase in average per-capita miles traveled would result in a 10-20% 

increase in state hybrid market share, depending on the year. In 2004, the p value of 

0.101 for VMT as a predictor of Ford Escape Hybrid market share is very close to the 

10% significance level, with a fairly large coefficient of 2.9. Interestingly, VMT was not 

statistically significant for the Ford Escape Hybrid in 2005 or 2006. 

 The significance and effect of per-capita income varied with the year and vehicle. 

Income was not significant for the Honda Civic Hybrid in any year. For the Toyota Prius, 

income was significant at the 10% level from 2003-2005, with coefficients slightly 

greater than 1.0 (interpreted as unit elasticity) for each of those years. For the Ford 

Escape, however, income was significant for all three years of availability, with a 

coefficient greater than 7.0 in 2004, indicating that state market share for the Escape was 

highly elastic with respect to income26. The significance of income for the Prius and 

Escape, but not the Civic, may be an indication of higher demand and longer waiting lists 

for these vehicles, which would have resulted in higher price premiums. It may also 

indicate that these two vehicles project a more substantial environmental image, and 

would therefore attract higher income consumers who are able to pay a premium purely 

for the image factor.  

                                                 
26 Ford had developed an extensive waiting list for the Escape Hybrid over a year before its introduction, 
which may have played a part in the large income effect. 
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 The GPC Index variable was also significant in many years, but the effect, as 

measured by the regression coefficients with values less than 0.5 in all cases, was fairly 

weak. This may be due to the moderate correlation between GPC Index and income. 

 The presence of an HOV lane incentive was highly significant from 2001 though 

2004, during which time Virginia was the only state offering an HOV lane incentive. 

Starting in 2005, when other states began to implement HOV incentives, the dummy 

variable became statistically insignificant27. This may be an indication that the HOV 

incentive in Virginia was much more effective than incentives in other states. 

 The most surprising result was the lack of significance of monetary incentives for 

most vehicle models and years, indicating a lack of support for a relationship between the 

value of incentives and hybrid market share. In 2005, monetary incentives were a 

significant predictor of Ford Escape Hybrid market share at the 10% significance level. 

However, the magnitude of the regression coefficient (0.18) indicates that doubling the 

average monetary incentive value (federal plus state) of $830 would have resulted in only 

an 18% increase in average state market share, and the incentive would be paid to every 

consumer that purchased an Escape Hybrid. For a state whose residents purchased 1000 

Ford Escape Hybrids in 2005, this would translate to additional incentive payments of 

approximately $1.13 Million for 180 additional vehicles, or $6,271 per additional vehicle. 

On the other hand, this same 18% increase in market share would be associated with only 

a 3.1% increase in state average gas price, which translates to $.071 per gallon for a state 

                                                 
27 For the Ford Escape Hybrid in 2005, the p value of the HOV dummy is 0.128, which is close to 
significance at the 10% probability level. However, even in this case the magnitude of the coefficient is 
relatively small, dropping from 2.6 in 2004 to .3 in 2005. 
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with the average national price of $2.30 per gallon in 2005. In two additional instances, 

for the Honda Civic Hybrid in 2003 and the Toyota Prius in 2005, monetary incentives 

were significant at the 15% level. However, the regression coefficients in both cases were 

less than 0.2, indicating that state market share was relatively inelastic with the value of 

the incentives for these years and vehicle models as well. 

 

6.5 Trends Over Time  

 The explanatory power of the model, as indicated by the adjusted R2 values, peaks 

for the Toyota Prius and Honda Civic Hybrid in 2003 and 2004, and for the Ford Escape 

Hybrid in 2004 and 2005. For each of those years and vehicle models, the specification 

accounts for over 50% of the variance in the dependent variable, state market share. The 

adjusted R2 values drop off sharply in later years, falling to less than 0.45 for the Ford 

Escape Hybrid in 2006, less than 0.4 for the Toyota Prius in 2005 and 2006, and less than 

0.3 for the Honda Civic Hybrid in 2005 and 2006. The reason for this trend is not clear, 

but it could be due to several reasons. A key change in 2005 was the introduction of HOV 

lane incentives in additional states besides Virginia. The dramatic drop-off in the 

significance and magnitude of effect for the HOV dummy variable in 2005 and 2006 

indicates that these incentives generally had a less significant impact on market share 

than in Virginia. In turn, the reduction in explanatory power of the HOV dummy variable 

may have reduced the explanatory power of the entire model. I explored this theory by 

removing the HOV dummy variable from the regressions for the Honda Civic Hybrid in 

2003 and 2004. The adjusted R2 values dropped to 0.32 and 0.31, respectively, very close 
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to the values in 2005 and 2006 when HOV incentives were insignificant. Similar results 

occurred for the Toyota Prius, and there was also a slight drop-off for the Ford Escape 

Hybrid.  

 Another possibility is the proliferation and differentiation of hybrid models in 

later years, which may have resulted in a more complex behavioral choice for consumers. 

Instead of simply deciding to purchase a hybrid car and choosing between several models 

with nearly identical size and performance (the Civic and first generation Prius), 

consumers in 2005 and 2006 had several performance and luxury hybrids available. 

Likewise for hybrid SUV buyers in 2006, who could choose between the Ford Escape, 

Lexus Rx400h, and Toyota Highlander. 

 Factors at the national level, such as effect of Hurricane Katrina on gas prices and 

the introduction of more lucrative federal tax incentives, may have also contributed to the 

change in explanatory power. If these factors increased the tendency of all consumers to 

purchase hybrids, the additional affect of state-level factors may have been muted. 

 

6.6 Alternate Specifications 

 The unusually strong effect of gas price variable and relatively week effect of 

incentives raised some concerns that the results were being skewed by outliers or 

problems with disaggregating the data to specific years and models. To examine these 

concerns, I also tested a number of alternative specifications. To account for the presence 

of outliers, I retested the log-log specification using a robust regression algorithm in 
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STATA. The results were similar to the original regression, without major changes in the 

significance or strength of effect for either the gasoline or monetary incentive variables. 

 Because annual fuel costs are proportional to the product of gas prices and VMT, 

I also performed regressions on a specification in which I used a single variable, the 

product of gas price and VMT, in place of those two separate variables. This single 

gas*VMT variable was significant for all years and models, with a coefficient between 

1.0 and 2.0 for most years and models. However, this specification resulted in 

substantially (approximately two thirds of the original) adjusted R2 values, so I judged it 

to be inferior to the original specification. 

 In addition to conducting the analysis for individual hybrid models, I also 

conducted regressions on the total hybrid car market share and total hybrid light truck 

market shares for each year. Because tax incentives and rebates varied by model, I could 

not use variables for model-specific incentive values. Instead, I constructed a dummy 

variable for each year indicating the presence or absence of a monetary incentive greater 

than $100. The results of the regression analysis for both cars and light trucks were 

similar to the regressions for the individual models. Gas, VMT and GPC variables were 

significant in most years. The monetary incentive dummy variable was significant for 

both cars and trucks only in 2005, and in both cases the coefficients were much less than 

unity, with values of .31 for cars and .17 for light trucks. Detailed variable summaries 

and results are omitted. 
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6.7 Omitted Variables 

 The variables shown in the final specification are each a significant predictor of 

HEV sales among states or other important variables of interest in the analysis. In 

addition to these variables, earlier specifications used several additional variables as 

controls. The first was the percentage of votes for Ralph Nader (Green Party Candidate) 

in the 2000 Presidential election, which could be taken as a measure of state residents’ 

environmentalism.  I later replaced this variable with the Green Planning Capacity Index, 

which I believe provides a more comprehensive measure of state environmentalism. In 

the final specification, I also omitted a variable for the Prius and Civic that represented 

the ratio of the number of Toyota and Honda dealerships in a particular state to the total 

number of new car dealerships. This variable was intended to account for the relative 

popularity and availability of cars from particular manufacturers. In an earlier version of 

the analysis with registration data from only the top 15 states (in terms of total hybrid 

registrations), the Toyota ratio proved to be a powerful predictor of hybrid market share 

in 2004. This was thought to be due to the waiting lists for the Prius that year, and an 

indication that Toyota rationed their inventory evenly across each of their dealerships. In 

final analysis with the full registration dataset, the Toyota dealership ratio was still 

statistically significant at the .06 level, but its effect was relatively small (β = 0.23) and 

its inclusion only minimally improved the adjusted R2 value for the analysis (from 0.55 to 

0.58). For all other years and manufacturers, the ratio was statistically insignificant ( even 

at p > 0.15) with a negligible effect on the overall goodness of fit. Therefore, I have 

omitted the variable in the results tables.  
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 The significance of the ratio in 2004 may also have been due to the introduction 

of the second generation Prius in that year. High consumer demand for the Prius resulted 

in long waiting lists, and the relative proximity of Toyota dealerships may have affected 

initial distribution patterns. It is unknown why this effect did not continue in 2005 and 

2006, when demand for the Prius remained high relative to supply. 

 

6.8 Endogeneity and Multicolinearty Considerations 

 The main endogeneity concern in the analysis is the causal relationship between 

incentives and market share. While I assume in the specification that monetary incentives 

lead to increased market share, it is also possible that higher market share could affect 

incentives. This could occur if hybrid owners exerted influence on a state government to 

adopt incentive policies that would reward them for their purchases. Had incentive 

policies been significant, I would have explored causality further by attempting to 

identify an instrumental variable or conducting qualitative analysis of policy formation in 

individual states.  For other variables, such as gasoline prices and vehicle miles traveled, 

endogeneity would only be an issue if hybrid market share was large enough that it could 

influence gasoline prices (via lower demand) or change average driving habits. For the 

small shares to date, however, this is not a concern.  

 Another concern is multicolinearity between predictor variables. Several of the 

variables for most years did exhibit moderate correlation. The highest correlation was 

between the GPC Index and per capita income, with a correlation coefficient of 

approximately R = 0.5.  Vehicle miles traveled was also inversely correlated with per 
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capita income, with R = 0.45 (approximately), which may be due to higher incomes in 

urban area where public transportation was available. Gas prices were correlated with per 

capita income, but the correlation coefficients were relatively low, with R = .2 

(approximately). The presence and value of the state tax incentives themselves also 

showed minimal correlation with any of the other independent variables. While these 

correlations may affect the accuracy of the regression, the removal of one or more of the 

correlated variables (other than income or GPC) from the regression did not affect the 

significance of the remaining variables and had only a slight affect on the regression 

coefficients. Therefore, I do not believe that the presence of multicolinearity changes the 

general conclusions about the affect of each factor on HEV adoption. 

    

6.9 Conclusions and Implications for State Policymakers 

 While several of the variables in the analysis – monetary incentives, gas prices 

and vehicle miles traveled – have a direct impact on total ownership cost of a hybrid, the 

results of the regression suggest that consumers react to each of these factors in different 

ways. The significance of gas prices was expected, but the magnitude of their affect was 

much larger than I anticipated. In fact, the large annual elasticties of market share with 

respect to gas prices (indicated by the magnitudes of the regression coefficients) suggest 

that consumer reaction is not necessarily based on rational economic analysis of how 

variations in gas prices affect the overall ownership costs of the vehicle. Instead, 

consumers may think of an HEV purchase as a “hedge” or insurance against higher gas 

prices in the future.  
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 The weak relationship between monetary incentive values and state market share 

may be due to a number of reasons, and has significant policy implications. One plausible 

explanation for this finding is that dealers factor state incentives into their pricing 

structure and charge consumers more for the vehicles. If this is the case, then the 

monetary incentives effectively serve as a subsidy to automobile dealers without 

significantly increasing HEV adoption, which almost certainly runs contrary to 

policymakers’ objectives. 

 Another possible explanation is a lack of consumer information coupled with the 

delay in receiving the incentive payment in some states. While consumers can obtain 

detailed information on federal incentives from a variety of national news sources, 

information on state-specific incentives may be less widely advertised. In compiling the 

data for the state incentive values, I encountered several instances of conflicting 

information from national-level sources, and had to contact representatives from some 

states directly to verify specific information on incentives. Also, many monetary 

incentives are in the form of tax credits and rebates, which require action by the 

consumer following the purchase of the car. In the case of tax credits, consumers could 

conceivably have to wait an entire year to realize the credit on their next tax refund. Even 

sales and excise tax waivers, which apply to the final purchase price of the car, may not 

be part of the initial negotiations on the purchase price, and are usually calculated after 

the purchase price is set. In constructing the table of incentive values for this analysis, it 

was often difficult to determine the exact value of the incentive. Claiming the most 

lucrative incentive – West Virginia’s incremental tax credit of up to $3750 – actually 
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required residents to determine the incremental value from a table maintained by the 

State of Colorado (Hybrid Incentives and Rebates -- Region by Region 2007; State and 

Federal Incentives and Laws 2007). Other incentives for reduced registration and 

inspection fees are paid out as a value stream over many years and they are likely highly 

discounted by consumers in their personal cost calculations. The up-front value of these 

incentives to the consumer is minimal.  

 While the cross sectional results that fail to support a significant relationship 

between incentives and market share and appear to be robust with respect to outliers, the 

analysis did not consider trends over time in individual states. In the next chapter, I 

examine monthly market shares from individual states, to determine if there are other 

indications of a stronger relationship between incentives and market share that are not 

evident from the cross-sectional regression of annual data. 

 The disproportionate strength of gasoline price as a predictors of market share is 

consistent with the earlier survey and interview findings that consumers buy hybrids 

based on general notions of perceived savings or vehicle image rather than a detailed 

benefit-cost or lifecycle cost analysis (Sperling, Bunch, and Burke 2004). Thus, gasoline 

prices may serve more as a signal for consumers to think about fuel savings and fuel 

economy, so relatively minor variation in gasoline prices could lead to significant 

changes in adoption patterns. Even if consumers did try to calculate the lifecycle costs of 

hybrid ownership, fuel price volatility would make this calculation difficult. Fuel prices 

are also out of consumers’ control, which makes hybrids attractive as insurance against 

future volatility regardless of the eventual cost savings or premium.  
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 The significant and near-unity coefficient for average vehicle miles traveled is 

also reasonable. Consumers who drive more miles will see higher average fuel bills, but 

the relationship is predictable. Consumers also have options to reduce their driving miles, 

such as carpooling, changing their home and/or job, or reducing recreational driving. 

Therefore, the “fuel cost insurance” motive to buy a hybrid is not as great for VMT as it 

is for gasoline prices. 

 For policymakers, the results suggest that basing HEV incentive policies purely 

on rational economic cost calculations may not be guarantee their effectiveness in 

promoting increased adoption of hybrids by consumers. Instead, policy development may 

need to take into account the disproportionate influence of gas prices on purchase 

decisions, as well as the equity considerations that stem from the relationship between 

income and adoption. In the concluding chapter, I will elaborate on these policy 

implications and offer suggestions for improving existing policies.    



 

89 

 

 

7. Incentives from Individual States: A Closer Look 

 

 While the cross-sectional analysis of state market share failed to show support for 

a relationship between individual state tax incentives and market share on a year by year 

basis, monthly market share for hybrid cars from individual states sheds additional light 

on the impact (or lack thereof) of state incentives. In the following sections, I examine 

data from individual states, shown in the table 10, which either started or ended 

significant incentive policies during the past few years: 

 

Table 10: States with changes to incentive policies for hybrids 
State Change in Incentive Policy 

California Implemented HOV incentive 
Connecticut Implemented sales tax exemption 
Florida Implemented HOV incentive 
Maryland Ended excise tax waiver 
New Mexico Implemented excise tax exemption 
New York Ended excise tax waiver and tax credit, 

implemented HOV incentive 
Utah Ended incremental cost credit, 

implemented HOV incentive 
Virginia Adjusted HOV incentive 
West Virginia Ended incremental cost credit 
 

 

 Because these states had a discontinuity in incentives, they allow me to compare 

market share for the time periods before and after the incentive, to determine if adoption 

patterns changed significantly. As a data source for this chapter, I will use monthly 



 

 90

hybrid car market share (all car models combined) for individual states compared to 

average U.S. hybrid car market share during this same period. The data is derived from 

RL Polk & Co statistics on the numbers of new hybrid cars and total new cars registered 

in each state for each month from December 2001 through May 2007. As in the previous 

chapter, market share is expressed as the fraction of all new car registrations that are for 

hybrids. 

 For each state, I derived plots of monthly market share compared to average 

market share. Based on these plots alone, it is difficult to identify significant trends 

because market share still usually trends with the national average and shows an increase 

in time from diffusion and increased supply. To help isolate the effects of the change in 

incentive policies, I also constructed plots of the monthly fractional differential between 

state market share and average national market share, given as:  

( )
USavg

USavgstate

eMarkteshar
eMarketsharreMartketsha

Diff
−

=  

These difference plots allow me to better compare trends in market share before and after 

changes in incentive policies. Also, it allows me to test for significant statistical 

differences in the mean and median fractional differentials before and after the incentive 

using STATA (Hamilton 2004)28. 

 

                                                 
28 I used a significance test instead of a one-way ANOVA comparison because the former allows for 
unequal varience between the groups, while the ANOVA technique assumes equal variences (Hamilton 
2004).  
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7.1 California 

 Figures 8 and 9 show California monthly market share compared to U.S. average 

market share and the monthly fractional differential between California market share and 

U.S. average market share: 

 

California vs. U.S. Average Hybrid Car Market Share
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Figure 8: California monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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California Marketshare Differential from U.S. Average Marketshare
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Figure 9: Differential between California and U.S. average market share 
 

 

 California implemented a statewide HOV incentive on August 10, 2005, allowing 

hybrid owners to apply for a permit sticker that authorized single-occupant HOV access. 

The program initially allowed for 75,000 permits that would be valid through 2008, but a 

subsequent law in September 2006 allowed for 10,000 additional permits and extended 

the HOV exemption through 2011(California Approves Single Occupancy HOV Access 

to 2011 2006). By February 2007 the state had issued all 85,000 permits and was not 

accepting additional applications (McKenzie 2007). 

 Despite the rapid rate at which consumers requested the HOV permits, the state 

experienced no statistically significant change in market share compared to the national 

Source: R L Polk Registration Data 
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average from before the incentive. However, since California accounts for more hybrids 

than any other state and almost 15% of all hybrid sales nationwide, the state tends to 

drive the national average. Therefore, comparisons to the national average may not be as 

meaningful for California as for other states. I will discuss HOV incentives in more detail 

in the following chapter about Virginia’s HOV incentive policy.  

 

7.2 Connecticut 

 Figures 10 and 11 show Connecticut monthly market share compared to U.S. 

average market share and the monthly fractional differential between Connecticut market 

share and U.S. average market share. 

  

Connecticut vs. Average U.S. Hybrid Car Market Share
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Figure 10: Connecticut monthly market share vs. U.S. average market share 

Source: R L Polk Registration Data 
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Connecticut Marketshare Differential from U.S. Average Marketshare
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Figure 11: Differential between Connecticut and U.S. average market share 
 
 

 

 Connecticut started exempting hybrids from its 6% sales tax on October 1, 2004. 

The monthly market share and differential plots show that market share dropped about 

20% below the national average for several months before the sales tax exemption began, 

and then increased sharply in the three months following the start of the state’s policy 

exempting hybrids from its 6% sales tax. This pattern is not surprising, since consumers 

interested in hybrids would be likely to postpone sales for several months to take 

advantage of the incentive. However, comparison of both the means and median market 

share differentials for longer periods before and after the sales tax incentive change 

showed statistically significant differences. The mean differential changed from 9% less 

Source: R L Polk Registration Data 
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than the U.S. average for the time period before the incentive to 13% greater than the 

U.S. average for the 32 months before and 34 months after the change in incentive. 

Statistical comparisons excluding the six months before and after the implementation of 

the incentive were similar in magnitude and significance, suggesting that the policy has 

had a sustained effect in increasing market share compared to the national average.  

 

7.3 Florida 

 Figures 12 and 13 show Florida monthly market share compared to U.S. average 

market share and the monthly fractional differential between Florida market share and 

U.S. average market share. 
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Florida vs. U.S. Average Hybrid Car Market Share
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Figure 12: Florida monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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Florida Marketshare Differential from U.S. Average Marketshare
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Figure 13: Differential between Florida and U.S. average market share 
 
 
 
 
 Florida implemented an HOV exemption for hybrids starting in October 2005. 

The state actually authorized the policy several years earlier, but postponed 

implementation until after it was authorized on the federal level by the Energy Policy Act 

of 2005. Before the policy went into affect, Florida lagged significantly behind the 

national average in market share, with an average differential of 54%. In the 20 months 

after the exemption started, the state experienced a slight but statistically significant 

increase in mean differentials, although mean market share remained 44% below the 

national average.   

 

Source: R L Polk Registration Data 
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7.4 Maryland 

 Figures 14 and 15 show Maryland monthly market share compared to U.S. 

average market share and the monthly fractional differential between Maryland market 

share and U.S. average market share:  
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Figure 14: Maryland monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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Maryland Marketshare Differential from U.S. Average Marketshare
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Figure 15: Differential between Maryland and U.S. average market share 
 

 

 The state offered a waiver of the 5% excise tax on hybrids purchased on or before 

June 30, 2004, amounting to an incentive of $1000 or more for most buyers. Maryland 

market share was consistently at or higher than the national average for most of the 

observations, although it usually trended in a similar direction to the national average on 

a monthly basis. However, market share differentials peaked slightly in the seven months 

before the waiver expired, and dropped noticeable in the months following the waiver. A 

statistical comparison of mean and median differentials showed a statistically significant 

difference. Mean market share differential fell from 14% above the national average in 

the 31 months before the excise tax waiver ended to 4% above the national average in the 

Source: R L Polk Registration Data 
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35 months after. Comparisons excluding the 6 months before and after the policy change 

showed an even greater change (37% to 9%), indicating that the end of the sales tax 

exemption coincided with a sustained dip in hybrid market share compared to the 

national average. 

 

7.5 New Mexico 

 Figures 16 and 17 show New Mexico monthly market share compared to U.S. 

average market share and the monthly fractional differential between New Mexico 

market share and U.S. average market share.  

 
 

New Mexico vs. U.S. Average Hybrid Car Market Share

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

20
01

12

20
02

04

20
02

08

20
02

12

20
03

04

20
03

08

20
03

12

20
04

04

20
04

08

20
04

12

20
05

04

20
05

08

20
05

12

20
06

04

20
06

08

20
06

12

20
07

04

New Mexico Hybrid Car Market Share
National Hybrid Car Market Share

Waiver for 3% excise tax 
starts on 7/1/04

 
Figure 16: New Mexico monthly market share vs. U.S. average market share 

Source: R L Polk Registration Data 
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New Mexico Marketshare Differential from U.S. Average Marketshare
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Figure 17: Differential between New Mexico and U.S. average market share 
 
 

 

 New Mexico implemented a policy exempting hybrid vehicles with fuel economy 

ratings exceeding 27.5 mpg from its 3% vehicle excise tax starting on July 1, 2004. 

Hybrid market share in New Mexico was generally higher than the U.S. average both 

before and after the incentive went into effect, but the mean differential showed a 

statistically significant increase from 23% greater than the national average to 34% 

greater than the national average in the 35 months following the implementation of the 

incentive compared to the previous 31 months. However, when the six months before and 

after the incentive change are excluded, there is no statistically difference in the mean 

market share differential. This may be due to consumers who would otherwise have 

Source: R L Polk Registration Data 
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purchased hybrids before the incentive postponing their sales several months until after 

the incentive went into effect. 

 

7.6 New York 

 Figures 18 and 19 show New York monthly market share compared to U.S. 

average market share and the monthly fractional differential between New York market 

share and U.S. average market share.  
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Figure 18: New York monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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New York Marketshare Differential from U.S. Average Marketshare
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Figure 19: Differential between New York and U.S. average market share 
 
  

 New York market share lagged U.S. market share for the entire time period of this 

analysis, which is consistent with the low annual miles driven by the average resident 

(that state ranked lowest in VMT per capita in the contiguous 48 states). New York had 

several changes in hybrid incentive policies, which also made it difficult to isolate the 

effect of any specific policy change.  New York originally offered hybrid buyers both a 

$2000 tax credit and an additional 8% sales tax credit on $3000, which represented the 

approximate incremental difference between a hybrid and an equivalent conventional 

vehicle. When the incremental sales tax credit expired on Feb 28, 2004, there was no 

sustained statistically significant change in market share compared to average U.S. 

market share, most likely because the expired credit was only valued at $240 compared to 

Source: R L Polk Registration Data 
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the remaining $2000 credit. The remaining tax credit expired on December 31, 2006, 

although earlier in the year the state implemented an HOV lane incentive for hybrids on 

the Long Island Expressway, one of the major commuting routes into New York City. 

The expected effects of these two changes would have been in opposite directions, and 

analysis of market share compared to the U.S. average fails to show either of these 

expected changes. In fact, market share actually increased compared to the U.S. average 

in the five months following the end of the $2000 hybrid credit. 

 

7.7 Utah 

  Figures 20 and 21 show Utah monthly market share compared to U.S. 

average market share and the monthly fractional differential between Utah market share 

and U.S. average:   
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Utah vs. U.S. Average Hybrid Car Market Share
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Figure 20: Utah monthly market share vs. U.S. average market share 
 
 

Source: R L Polk Registration Data 
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Utah Marketshare  Differential from U.S. Average Marketshare

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2
20

01
12

20
02

04

20
02

08

20
02

12

20
03

04

20
03

08

20
03

12

20
04

04

20
04

08

20
04

12

20
05

04

20
05

08

20
05

12

20
06

04

20
06

08

20
06

12

20
07

04

Month

Fr
ac

tio
na

l D
iff

er
en

tia
l f

ro
m

 U
.S

. A
ve

ra
ge

Differentials from U.S.
A

Incremental Credit on Civic ends 12/31/05

HOV 
Incentive  
begins 9/06

 
Figure 21: Differential between Utah and U.S. average market share 
 
 

 Like New York, Utah ended one incentive (a 50% incremental credit on the 

Honda Civic Hybrid only) within one year of implementing a new incentive policy (HOV 

exemptions on the state’s express lanes). A comparison of the mean and median market 

share differentials for the 17 months before and after the expiration of the Civic credit 

shows a statistically significant difference (a change from 21% to 7% above the U.S. 

average). However, when the differentials in the time period after the credit’s expiration 

are compared to the entire 49 months beforehand (dating back to December 2001) the 

change is statistically insignificant. There was also no statistically significant change in 

differentials in the 9 months after the implementation of the express lane HOV incentive 

Source: R L Polk Registration Data 
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compared to the 9 months before the policy went into effect. On average, Utah market 

share was a modest 8% above the U.S. average during this combined 18 month period. 

 While these results appear to show weak support for a relationship between 

market share and incentive policies, it should be noted that the Utah incentive policies 

were fairly modest. By the time the credit on the Civic Hybrid ended, sales of the Prius –

with better fuel economy and emissions ratings – had eclipsed the Civic nationwide. The 

HOV exemption is also not exclusive to hybrid owners. Single occupant express lane 

access is available to owners of any vehicle willing to pay a $50 monthly fee ($600 per 

year total), providing a significant disincentive for residents to pay up-front for a hybrid 

solely for HOV access (Cutchin and Benko 2007). 

 

7.8 Virginia 

  Figures 22 and 23 show Virginia monthly market share compared to U.S. 

average market share and the monthly fractional differential between Virginia market 

share and U.S. average market share.   
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Virginia vs. U.S. Average Hybrid Car Market Share
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Figure 22: Virginia monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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Virginia Marketshare Differential from U.S. Average Market Share
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Figure 23: Differential between Virginia and U.S. average market share 
 

 

 Virginia’s most important incentive for HEVs has been the exemption from HOV 

lane restrictions throughout the state29. Virginia market share was significantly above the 

national average for the entire period of analysis, presumably due to the incentive, and for 

portions of 2002 market share was over double the national rate. While the HOV 

incentive has been maintained by the legislature each year, a significant change occurred 

on July 1, 2006. Hybrids titled after that date are no longer eligible for the HOV lane 
                                                 
29 Prior to 2006, Virginia also offered a state tax credit worth 10% of the $2000 federal deduction for 
hybrids. The state eliminated this incentive in January 2006 with the implementation of the Energy Policy 
Act of 2005, which replaced the original Federal tax deduction for HEVs with a tax credit scheme. The tax 
credit received little publicity, however. In early 2003, representatives from the Virginia Department of 
Taxation information desk were unable to provide details on how to obtain the credit, and it did not appear 
in the 2002 Virginia edition of Turbo-Tax. 

Source: R L Polk Registration Data 
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exemption on the Interstate 95/395 corridor, which has traditionally seen the highest 

hybrid traffic compared to other HOV lanes.  The plot of monthly Virginia hybrid car 

market share shows a sharp drop in market share from June to July 2006, even as average 

U.S. market share increased during this period. Virginia market share compared to the 

U.S. average continued to trend lower in the year following the end of the I-95/395 HOV 

exemption. By mid 2007 it was trending only about 10% greater than the national 

average, down from a sustained trend of approximately 50% above the national average 

the year before the incentive change. 

 I will examine the effect of the Virginia HOV policy in more detail in the 

following chapter using data on hybrid registrations in individual counties. However, one 

interesting trend not explained by the HOV policy is the sharp drop in market share 

differentials at the end of 2004 and beginning of 2005. An examination of the source data 

behind the market share differential calculations revealed that this drop was due not to a 

decrease in Virginia market share, but rather the result of a sharp increase in nationwide 

market share. This increase coincided with increased shipments of the Toyota Prius to the 

U.S. in 2005 in response to unexpectedly high consumer demand and persistent back 

order. Apparently, shipments to other states increased faster than those to Virginia. It is 

difficult to determine the reason for this trend, but it may be an indication that 

manufacturers (Toyota in particular) were preferentially sending new hybrids to Virginia 

at the expense of other states before 2005 to meet sustained high demand. This in turn 

could also indicate that the Virginia HOV incentive created a robust demand that was less 

sensitive to actual vehicle price and immediate availability than in other states.  
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7.9 West Virginia 

 
  Figures 24 and 25 show West Virginia monthly market share compared to 

U.S. average market share and the monthly fractional differential between West Virginia 

market share and U.S. average market share:   
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Figure 24: West Virginia monthly market share vs. U.S. average market share 
 

Source: R L Polk Registration Data 
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West Virginia Marketshare Differential from U.S. Average

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
20

01
12

20
02

04

20
02

08

20
02

12

20
03

04

20
03

08

20
03

12

20
04

04

20
04

08

20
04

12

20
05

04

20
05

08

20
05

12

20
06

04

20
06

08

20
06

12

20
07

04

Month

Fr
ac

tio
na

l D
iff

er
en

tia
l f

ro
m

 U
.S

. A
ve

ra
ge

Differentials from U.S. Avg

$3750 max incremental tax credit ends 6/30/06

 
Figure 25: Differential between West Virginia and U.S. average market share 
 
 

 Despite an incremental cost (of purchasing a hybrid compared to an equivalent 

vehicle) tax credit of up to $3750, West Virginia hybrid market share trended at or below 

the national average for all but three months of the analysis period. West Virginia ended 

this incentive on June 30, 2006. There was no statistically significant change in market 

share compared to the U.S. average in the 11 months following the end of the incentive, 

compared to either the 11 months preceding the change or the full 55 months of market 

share in which the incentive was available. 

 Given the size of the incentive, the lack of a clear change after the incentive ended 

was surprising. However, West Virginia’s incentive was one of the more difficult state 

incentives for consumers to claim. After purchasing a hybrid, West Virginia’s procedure 

Source: R L Polk Registration Data 
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for obtaining the credit required consumers to look up incremental cost values for 

individual hybrid models on a list compiled and maintained by the state of Colorado in 

order to complete the West Virginia claim form. 

 

7.10 Conclusions for Individual States 

 The impact of changing incentive policies for hybrids differed from state to state. 

In Connecticut, Florida, Maryland and Virginia, changes in policy incentives were 

consistent with sustained significant changes in market share compared to the U.S. 

monthly average. In the other states, the results were less clear. While this makes it 

difficult to draw conclusions, a few trends emerged. Overall, changes to incentives in the 

form of sales or excise tax waivers appeared to have a more noticeable effect than 

changes in incentive in the form of rebates or tax credits. This is not surprising, since 

sales and excise tax waivers affect the up-front price that the consumer pays for the 

vehicle (or at least are realized immediately after purchase when titling the vehicle), 

while other tax credits and rebates take much longer to receive. 

 Another observation is related to the overall state trend in market share compared 

to the national average. In most cases, the statistically significant changes in market share 

only changed the degree to which the state exceeded or lagged the national average. 

Except for Connecticut (whose market share rose from below to above the national 

average after), states that exceeded or lagged the national average before the policy 

change also did so afterwards.  It is notable that the exception – the state of Connecticut – 

implemented a sales tax waiver that was applied at the time of purchase. 
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 Even when policy changes resulted in a statistically significant change in market 

share compared to the national average, over the long term the trends from month to 

month still mirrored those on the national level. This suggests that while state incentives 

may have an effect on the margin, it would be very difficult for a state to create a 

profound change in its HEV adoption curve without influencing the main determinants of 

adoption identified in the cross-sectional analysis, such as gas prices, state driving 

patterns or general state environmentalism. 

 Finally, this analysis – like the cross sectional analysis – does not capture the 

effect of Federal Government incentives over time. The expiration of many of the state 

incentives in 2005 and 2006 coincided with the passage and implementation of the new – 

more generous – federal tax credit scheme for hybrids. I have been forced to assume that 

policy changes at the national level affect state adoption patterns in a similar manner, but 

there may be complex behavioral interactions between federal and state incentives that 

lead to state-specific effects on consumer purchase decisions. 

     In the next chapter, I take an even closer look at the local effects of one 

incentive policy – HOV lane access – by examining local registration patterns in Virginia 

at the city and county level. 
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8. HOV Policy Incentives: A Virginia Case Study 

 

 In addition to offering financial incentives, some states have adopted policies 

allowing hybrids to use High Occupancy Vehicle (HOV) lanes with only a single 

occupant. The cross-sectional analysis of state registrations in chapter 6 indicated that 

HOV incentives may significantly impact market share, particularly in Virginia. 

However, the limited number of states offering these incentives coupled with the unique 

circumstances for each state make it difficult to draw general conclusions based solely on 

state-level statistics.  In this chapter, I examine HEV adoption patterns more closely in 

Virginia, the first state to offer HOV incentives for hybrids. The goals of this analysis are 

to explore the effect of Virginia’s HOV lane incentives on local adoption patterns and to 

provide insights on both the successes and unintended consequences of the policy.   

 Where HOV lanes exist and have sufficient excess capacity, allowing hybrids on 

HOV lanes with a single occupant provides a means of promoting adoption with almost 

no direct marginal costs to taxpayers, other than the cost of publicizing and administering 

the program. Virginia was the first state to adopt this policy, starting in 2000, and since 

2005 several other states, including Florida, Georgia, Utah, New York, New Jersey, 

California and Arizona have allowed hybrids on at least some of the state’s HOV lanes. 

Due to its seven year history of allowing hybrids on HOV lanes, Virginia provides an 

excellent case study of the impact of HOV lane policies for hybrids.  
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8.1 Virginia HOV Background 

  The Virginia policy stems from a law predating the introduction of hybrids, 

which authorized the HOV lane exemption for a variety of alternative fuel vehicles. 

When hybrids were introduced in 2000, the state Department of Motor Vehicles – under 

pressure from consumers and lawmakers – allowed to hybrids to qualify for the program 

(Morrison and Counts 2005). The law authorizing the exemption was originally offered 

on a bi-annual basis, but has been renewed each time it was set to expire. The most recent 

extension was passed in early 2007, and extended the exemption through June 30, 2008. 

Access to HOV lanes is controlled by issuing hybrids and other alternative fuel vehicles a 

“special clean fuel” license plate, which can be seen by police enforcing HOV rules. 

These plates provide hybrids access to HOV lanes in two major areas, Northern Virginia, 

which boarders Washington DC, and the Hampton Roads area, which includes Newport 

News, Norfolk, Chesapeake and Virginia Beach. The Northern Virginia HOV lanes 

include three major highways, along I-66, the Dulles Toll Road (VA 267) and I-95/395. 

The map in figure 26 shows the general locations of the Hampton Roads and Northern 

Virginia HOV networks. The map in figure 27 shows the highways that make up the 

Northern Virginia HOV network.  
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Figure 26: Virginia HOV lanes 
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Figure 27: Northern Virginia HOV lanes 
 
 

 On VA 267 and Interstate 66 (outside of I-495), HOV lanes consist of the left-

most highway lane in each direction and are not physically separated from the rest of the 

highway. During the morning rush hours, these lanes are restricted to HOV-2 (i.e. two or 

more occupants required) in the inbound direction, switching to HOV-2 outbound during 

the evening rush hour. Along I-66 between I-495 and the Washington, DC border, the 

entire highway is restricted to HOV-2 inbound in the morning (with non-HOV traffic 

permitted outbound only), and HOV-2 only for all outbound traffic in the afternoon (with 

non-HOV traffic permitted inbound). The most extensive HOV lane network is a 27 mile 

segment along Interstate I-95, which is designed as I-395 between the I-495 Beltway and 
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the Washington DC border. The I-95/395 HOV lanes consist of a reversible two-lane 

segment that is separated from the main highway with limited access points, open to 

inbound (i.e. northbound towards Washington, DC) traffic in the morning and outbound 

traffic in the evening. Traffic is restricted to HOV-3 (i.e. three or more passengers 

required) during the morning and evening rush hours. Of these three HOV systems, the I-

95/395 HOV lanes handle the most traffic and offer the most significant percentage time 

savings (approximately 50%) compared to non-HOV traffic (Morrison and Counts 2005). 

Hampton Roads has HOV lanes on several of the main highways, but time savings and 

traffic volume on the HOV network is much lighter than in Northern Virginia (HOV 

Attitudinal Research among Hampton Roads Commuters 2002). 

  

8.2 Criticism and Unintended Consequences 

 Since its inception, Virginia’s HOV exemption rule for hybrids has been the 

subject of considerable debate. Originally, the practice was in violation of federal 

highway department regulations for HOV lanes on interstate highways, which mandated 

that HOV lanes were only for high occupancy vehicles (Potential Impact of Exempt 

Vehicles on HOV Lanes 2005). This debate was only ended by the Energy Policy Act of 

2005, which authorized states to allow HOV exemptions for hybrids and other clean fuel 

vehicles. Other critics have noted that the incentive policy runs counter to other policies 

designed to promote energy efficient practices such as carpooling and the use of mass 

transit (Ginsberg 2006). The opposition has been most intense on the Interstate 95/395 

corridor, which has HOV lanes separated from the main highway, a well-developed 
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network of park-and-ride lots for ridesharing, as well as metro light rail and commuter 

rail options for traveling from the suburban counties into the Washington DC 

metropolitan area. There has not been a comprehensive survey on the direct linkage 

between hybrid ownership on carpooling or mass transit rider-ship. However, a 2005 

Virginia Department of Transportation Study concluded that hybrids accounted for 19% 

of traffic on the I-95 HOV corridor during the morning rush hour, and that this additional 

traffic had pushed the HOV lanes beyond their design capacity (Morrison and Counts 

2005). The study recommended ending or significantly limiting the hybrid exemption. 

While the state did not fully implement the study’s recommendations, the legislature did 

amend the law to end the I-95/395 exemption for vehicles purchased after June 30, 2006, 

issuing all subsequently purchased hybrids a different clean-fuel plate that would be valid 

on all other HOV lanes except for I-95/395. Additionally, extensions to the hybrid 

exemption law have been issued only on a yearly (vice bi-annual) basis since 2006. 

 From an equity perspective, the HOV exemption policy favors those who can not 

only afford to buy a new car, but also pay the incremental premium to purchase a hybrid 

model over an equivalent gasoline-only model. While the availability of more affordable 

used hybrids should increase over time, as of May 2007 the number of used hybrids titled 

in Virginia as of was less than 15% of the total number of hybrids, based on Virginia 

DMV records for new and used hybrid registrations. This relatively low percentage 

indicates that the HOV exemption still disproportionately benefits residents purchasing 

new hybrids. 
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 Another unintended consequence of the HOV policy may be a change in the 

image of hybrids held by the general public. The increased traffic on the HOV lanes 

presumably irritates carpoolers by causing delays, while non-HOV lane drivers and mass-

transit riders may have the perception that hybrid owners have bought themselves access 

to these lanes at the expense of less fortunate drivers. In both cases, this promotes a 

negative image of hybrid owners, as compared to general image of hybrid owners in 

other parts of the country as environmentally conscious consumers. To the extent that this 

phenomenon occurs, it may serve as a disincentive to consumers in the Northern Virginia 

area who do not desire HOV lane access but might otherwise have considered a hybrid 

for the positive environmental image it connotes. 

 Finally, an important potential consequence of the HOV exemption policy (and 

one that is common to all incentives that offer a continuing benefit over time) is that it 

creates a small but extremely vocal group of “entrenched stakeholders” – hybrid owners 

– who have a significant personal stake in continuing the policy and are likely to fight 

strongly against any attempt to discontinue it by lawmakers or state agencies. On the 

other hand, the majority of the population that does not own hybrids is unlikely to argue 

as vocally for ending the HOV exemption – even if they do not agree with the incentive 

policy – since they would receive little direct benefit from either continuing or 

discontinuing the exemption. The result is that lawmakers will likely receive greater 

pressure from hybrid owners to maintain the incentive than pressure from non-hybrid 

owners to end it. Rebates and tax credits, on the other hand, are much easier to end from 

a political standpoint, since consumers receive the incentive payment up front and have 
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little stake in whether future consumers receive the same benefit. In essence, the 

concentrated costs and diffuse benefits of HOV incentives policies can result in client 

politics, in which hybrid owners dominate the political debate over the issue (Gormley 

and Balla 2004).  

 The effect of entrenched stakeholders was evident during the 2006 debate by the 

Virginia legislature over the future of the HOV exemption for hybrids, which had been 

set to expire completely on June 30, 2006. The state legislature, with support from newly-

elected governor Tim Kaine, voted to renew the HOV exemption until 2007 over the 

objections of the Virginia Department of Transportation (VDOT), which had 

recommended discontinuing the incentive due to crowding on the HOV lanes (Ginsberg 

2006). Notably, the compromise legislation ended the exemption on I-95/395 for newly 

purchased hybrids, but maintained the exemption for existing owners, who were the most 

vocal proponents of the policy.  

 

8.3 Social Outcomes 

   While a detailed social benefit-cost analysis of hybrid policies is beyond the scope 

of this dissertation, the question of social outcomes is inherent in the debate over HOV 

incentives for hybrids. Critics question whether hybrids with one occupant on the HOV 

lanes actually produce less pollution and consume less fuel per person compared to 

conventional gasoline vehicles with multiple occupants. On face value, this criticism 

seems valid, since the fuel consumptions and emissions per mile of a hybrid would have 

to be one half or one third that of an average gasoline vehicle to compare favorably to a 
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vehicle with two or three occupants. Thus, compared to the average fuel economy of 29.5 

mpg for passenger automobiles (New Passenger Car Fleet Characteristics 2006), hybrids 

would have to achieve a fuel economy of over 60 mpg to justify access to the HOV lanes 

that normally require two vehicle occupants. However, this comparison is only valid only 

if one assumes that each hybrid purchase is made by a driver who would have otherwise 

carpooled to work on the HOV lanes. While some percentage of the hybrids on HOV 

lanes undoubtedly are driven by former carpoolers or mass transit users, the remainder 

represent drivers who would otherwise have commuted solo in conventional gasoline 

vehicles. In that case, the gasoline consumption and emissions from an average hybrid 

still compares favorably to the average conventional vehicle they would drive otherwise.  

 Additionally, comparing hybrids to other vehicles during the daily commute fails 

to account for additional non-commute driving. Even if a conventional vehicle with two 

carpoolers uses less fuel and produces fewer emissions per person than a hybrid driven 

solo in the HOV lanes, the conventional vehicle will most likely compare less favorably 

to the hybrid during periods of solo driving outside of the commute. Thus, the overall 

social benefit-cost comparisons for HOV incentives are highly subjective and must 

include a number of factors – the number of occupants required in non-hybrid carpool 

vehicles, the average fuel economies and emissions of the vehicles involved, the length of 

the HOV commute, and the amount of additional solo driving after work and on 

weekends.  
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8.4 Analysis of Virginia Adoption Patterns 

 Despite the debate over the social outcomes of HOV lane exemptions for Hybrids, 

there is evidence that the policies have been extremely successful in promoting hybrid 

sales in Northern Virginia. To test the impact of HOV lane policies compared to other 

factors in promoting adoption, I calculated and compared new hybrid market share for all 

Virginia counties and independent cities using initial vehicle registration (i.e. titling) data 

provided by the Virginia Department of Motor Vehicles (DMV). The Virginia DMV 

provided basic data on every hybrid registered in the state on May 2007, including the 

automobile make, model, model year, original title date and garaged jurisdiction (county 

or independent city). Using this database, I computed the number of new and used hybrid 

vehicles titled in each county and independent city for Virginia Fiscal Years30 2001 

through 2006 (FY01-06), and for the first three quarters of FY07. To calculate market 

share for each jurisdiction, I divided the number of new or used hybrids titled by the total 

number of new or used vehicles titled for that FY, which the DMV provided separately.31 

 Figures 28 and 29 show the relative market share (given as a percentage) of new 

hybrids among counties in Northern Virginia and in the entire state, respectively, from 

FY01-06. 

 

                                                 
30 The Virginia fiscal year runs from July 1 through June 30. 
31 The data set excluded vehicles that were purchased in Virginia but removed from the state prior to May 
2007. This may cause me to under-report the market share values slightly, but I assume that this trend 
affects all counties equally and does not affect the comparisons of market share between counties 
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Figure 28: Hybrid (HEV) market share percentages in Northern Virginia, FY01-06 
 

Market Share Percentage 

Source: 
Virginia DMV 
Data 
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Figure 29: Hybrid (HEV) market share percentages in Virginia counties, FY01-06 
 
 

 Figures 28 and 29 illustrate the dramatic difference in market share between 

counties adjacent to the Northern Virginia HOV lanes from those in the rest of the state. 

Stafford County, which includes the southern terminus of the I-95 HOV lanes, had the 

highest market share in the state for each individual year and for the combined period 

from FY01 through FY06. In FY06 (the year before the I-95/395 exemption ended), 

almost 6% of all new car registrations for Stafford County were for hybrid vehicles, 

which is greater than the market share percentage for any individual state for calendar 

year 2006 (based on state-level market share data described in the previous chapters). 

Presumably, the high hybrid markets shares in Northern Virginia are directly related to 

the relatively high time-savings value of the HOV exemption for commuters in these 

counties. At the same time, the impressive market share in the Northern Virginia HOV 

Market share percentage 

Source: Virginia DMV Data 
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corridors is in sharp contrast to lackluster market share in the remainder of the state. It is 

important to note that the market share is based on new hybrids as a percentage of new 

vehicles, so this comparison already takes into account the fact that consumers in more 

affluent counties or cities are more likely to purchase new cars (vice used cars) than in 

less affluent jurisdictions. 

 

8.5 Regression Analysis of Virginia Counties and Cities 

 To further explore the significance of the HOV lane incentives compared to other 

socioeconomic determinants, I also conducted a regression analysis of hybrid market 

share using the cross-sectional methodology that I laid out earlier. I tested for the 

significance of the presence of an HOV lane along with several other demographic 

variables for each Virginia county and city. The specification for the model was: 

 

εβββββα ++++++= %54321 CommuteDemVoteHOVHOVIncomes HRNOVAh  

 

 Table 11 provides a description of the variables and data sources: 

 



 

 128

Table 11: Description of Variables for Virginia Hybrid Analysis 
Variable Description Data Source 
sh Hybrid market share, expressed as 

new hybrids as a percentage of all new 
vehicle registrations for each Virginia 
Fiscal Year (Virginia FY starts in 
June).  

Virginia Department of Motor 
Vehicles Dataset of all hybrid 
registrations and summary 
statistics on county registrations 
for each fiscal year 

Income Median Household Income U.S. Census Bureau (Census of 
Population and Housing 2000) 

HOVNOVA HOV Dummy for Northern Virginia Virginia Department of 
Transportation (VDOT) maps of 
HOV lanes showing which 
counties contain HOV lanes. 
Several adjacent counties were 
also considered as HOV counties 
based on the presence of HOV 
park and ride lots and highways 
that offered easy access to HOV 
lanes in the adjacent county. 

HOVHR HOV Dummy for Hampton Roads DMV HOV maps 
DemVote Percentage of Democratic Vote in the 

2005 Governors Election 
Virginia State Board of Elections 
(Virginia General Election 
Results 2005) 

Commute% Percentage of residents from non-
metro counties commuting into metro 
areas in 2003 

U.S. Department of Agriculture, 
Economic Research Service 
(Urban Rural Continuum Codes 
2003) 

 

 

 I performed the regression using an Ordinary Least Squares (OLS) specification. 

A Breusch-Pagan/Cook-Weisberg test for heteroskedasticity in STATA indicated 

significant heteroskedasticity problems for jurisdictions with higher marketshare. Unlike 

the state-by-state regression in the previous chapter, I was unable to perform a log or 

Box-Cox transformation due to the presence of multiple zero values in the dependent 

market share variables (indicating jurisdictions that had no hybrids titled for that fiscal 
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year). Instead, I have included heteroskedasticity-robust standard errors generated in 

STATA for the OLS regression. 

 This specification is somewhat more basic than the state-by-state analysis due to 

the relatively limited amount of useful control data available at the county and city level. 

The Democratic vote percentages were chosen as a proxy for environmentalism, based on 

traditional associations between political liberalism and environmentalism. Ideally, I 

would have preferred a more direct measure of environmentalism, such as survey data or 

the Green Planning Capacity index used in the state-by-state analysis, but no such index 

was readily available at the county and city level in Virginia. I chose the 2005 

gubernatorial election over other state-wide elections such as the Senate or Presidential 

elections because I believe that this election was less likely to be skewed by other 

national-level political issues such as the Iraq War. The Democratic candidate, now 

Governor Tim Kaine, also featured transportation planning as one of the key issues in his 

successful election platform (Jordan 2006). 

 I used the commute percentage variable to control for the longer commuting 

distances traveled by workers commuting from non-urban counties into urban areas. This 

variable served as a proxy for relative commute distance, under the assumption that a 

longer commute would provide a greater incentive to purchase a more fuel efficient 

vehicle. Actual survey data on commute distance was not available at the county level for 

Virginia. Initially, I attempted to use other proxy variables such as Census Bureau survey 
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data on commute times (Census of Population and Housing 2000), but this variable was 

not statistically significant32. 

 The variable with the strongest effect in the state-by-state regression – average 

gas price – was more difficult to incorporate into the Virginia analysis. Detailed historical 

average gas prices at the Virginia County and City level were not available, although 

several services, such as gasbuddy.com and VAgasprices.com provide daily price data 

from a selection of gas stations within each locality. A county level plot of daily gasoline 

prices from Gasbuddy.com on June 6, 2007 showed that average county gas prices varied 

between $2.82 and $3.11, with a standard deviation of only 4.5 cents per gallon (Virginia 

county gas price map, June 7 2007). However, variations between individual stations in 

the same county were almost as much as variations between county averages. In one 

attempt to use the June 6 county gas prices as a control, prices were statistically 

significant in some years, but with a negligible (and in some cases negative) effect33. 

 Table 12 provides detailed summary information on the variables used in the final 

specification. 

                                                 
32 The commute time variable may not be a good proxy for commuter distance due to the intense 
congestion in urban counties, which artificially inflates commute time for a given distance. 
33 The negative gas price effect may be due to zone pricing strategies used by gasoline distributors set 
prices based in a manner that optimizes profits in specific geographic regions (Bayles 2001). While specific 
pricing strategies are held as trade secrets, prices are generally based on factors affecting demand such as 
commuting patterns and income. In the outlying Northern Virginia HOV counties where commuters have 
the choice of solo commuting, carpooling or rail transport, prices may be kept lower to encourage 
automobile commuting and maintain demand. Since these suburban areas include the counties that benefit 
most from the HOV privileges, the zone pricing system may result in a spurious inverse correlation 
between gas prices and hybrid sales.   
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Table 12: Summary of Variables for Virginia Hybrid Analysis 
Variable Obs Mean Std. Dev. Min Max 
fy01new_share 133 0.024327 0.066077 0 0.4651 
fy02new_share 133 0.056624 0.107863 0 0.704 
fy03new_share 133 0.193483 0.350346 0 2.4666 
fy04new_share 133 0.306699 0.518211 0 3.1549 
fy05new_share 133 0.637115 0.732945 0 3.4594 
fy06new_share 133 1.222648 1.090285 0 5.9701 
fy07new_share 133 1.712782 1.250217 0 6.2796 
Hov_nv 133 0.120301 0.326543 0 1 
Hov_hr 133 0.045113 0.208336 0 1 
HH_Med_Inc_2000 132 39672.57 12169.61 22213 81050 
Dem_vote_2005 133 47.94293 10.32995 26.24 81.79 
commute_percent 133 4.839368 10.36585 0 46.4992 
 

 

8.6 Regression Results 

 Tables 13 and 14 list regression results for each fiscal year: 
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Table 13: Virginia Regression Results for FY01-FY04 
Dependent Variable FY01  

Share 
FY02  
Share 

FY03 
Share 

FY04 
Share 

Independent Variables 

Coef. 
(Robust SE) 
P>t 
Beta 

Coef. 
(Robust SE) 
P>t 
Beta 

Coef. 
(Robust SE) 
P>t 
Beta 

Coef. 
(Robust SE) 
P>t 
Beta 

     

Med HH Income 

4.02E-07 
(5.66E-07) 

0.479 
0.074 

1.94E-06 
(6.53E-07) 
0.004*** 

0.219 

8.06E-06 
(2.66E-06) 
0.003*** 

0.279 

1.49E-05 
(3.68E-06) 
0.000*** 

0.350 

HOV dummy NoVA 

0.0109 
(0.0179) 

0.544 
0.054 

0.1716 
(0.0430) 
0.000*** 

0.520 

0.5031 
(0.1572) 
0.002*** 

0.469 

0.6612 
(0.2105) 
0.002*** 

0.417 

HOV dummy Hampton Roads 

-0.0090 
(0.0134) 

0.505 
-0.028 

-0.0200 
(0.0126) 

0.117 
-0.039 

-0.0850 
(0.0552) 

0.126 
-0.051 

-0.0342 
(0.0918) 

0.710 
-0.014 

Dem Vote Percentage 2005 

0.0005 
(0.0004) 

0.197 
0.077 

0.0006 
(0.0006) 

0.329 
0.061 

0.0046 
(0.0025) 
0.063* 
0.137 

0.0070 
(0.0037) 
0.060* 
0.140 

% non-urban commuting  

0.0009 
(0.0008) 

0.299 
0.134 

0.0010 
(0.0009) 

0.280 
0.092 

0.0033 
(0.0027) 

0.216 
0.099 

0.0087 
(0.0045) 
0.056* 
0.175 

Constant 

-0.0202 
(0.0342) 

0.555 

-0.0750 
(0.0427) 

0.081 

-0.4201 
(0.1549) 

0.008 

-0.7398 
(0.2251) 

0.001 
     
N 132 132 132 132 
R-squared 0.033 0.471 0.497 0.514 
Root MSE 0.066 0.080 0.254 0.369 
     
*** P < .01 
**   P < .05 
*     P < .10     
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Table 14: Virginia Regression Results for FY05-FY07 
Dependent Variable FY05  

Share 
FY06 
Share 

FY07  
Share 
(through  
May 07) 

Independent Variables 

Coef. 
(Robust SE) 
P>t 
Beta 

Coef. 
(Robust SE) 
P>t 
Beta 

Coef. 
(Robust SE) 
P>t 
Beta 

    

Med HH Income 

2.53E-05 
(5.22E-06) 
0.000*** 

0.420 

3.89E-05 
(6.74E-06) 
0.000*** 

0.434 

4.68E-05 
(9.35E-06) 
0.000*** 

0.454 

HOV dummy NoVA 

0.8099 
(0.2604) 
0.002*** 

0.362 

1.2567 
(0.3506) 
0.000*** 

0.378 

0.5701 
(0.3792) 

0.135 
0.149 

HOV dummy Hampton Roads 

-0.0405 
(0.1748) 

0.817 
-0.012 

-0.2648 
(0.2397) 

0.271 
-0.051 

-0.4541 
(0.3407) 

0.185 
-0.076 

Dem Vote Percentage 2005 

0.0122 
(0.0063) 
0.056* 
0.173 

0.0211 
(0.0084) 
0.013** 

0.200 

0.0313 
(0.0135) 
0.022** 

0.259 

% non-urban commuting  

0.0122 
(0.0046) 
0.008*** 

0.173 

0.0118 
(0.0073) 

0.112 
0.112 

0.0141 
(0.0102) 

0.170 
0.117 

Constant 

-1.1031 
(0.3465) 

0.002 

-1.5211 
(0.4401) 

0.001 

-1.7552 
(0.7366) 

0.019 
    
N 132 132 132 
R-squared 0.542 0.593 0.387 
Root MSE 0.506 0.709 1.001 
    
*** P < .01 
**   P < .05 
*     P < .10    
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 The results show that HOV lane incentives in Northern Virginia, income and 

political preference were all statistically significant in explaining hybrid market share. 

Income and HOV lane incentives had the strongest effects. These results provide support 

for the effectiveness of HOV lane exemption policies in Northern Virginia in promoting 

adoption and are consistent with the theory that individuals with higher income are more 

likely to purchase new energy efficiency technologies, all things being equal. The HOV 

lane exemption also creates the opportunity for consumers to purchase hybrids 

specifically for the purpose of saving time on their commute. For consumers with this 

motive, a higher income may also translate to a greater monetary value of their time 

savings, thus making a higher income commuter more likely to purchase a hybrid solely 

for the HOV exemption. Figure 30 shows a geographical representation of market share 

percentages after correcting for income (i.e. dividing the market share by median county 

income), further illustrating the high market share for hybrids along the I-95/395 and I-66 

HOV corridors. 
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Figure 30: Hybrid (HEV) market share normalized by income, FY01-06 
 
 

 Despite the impact of HOV exemption policies on adoption in Northern Virginia, 

HOV exemptions in the Hampton Roads area appears to have had no statistically 

significant impact on market share.  This may be due to a number of factors, but is most 

likely due to the nature of the local highway and HOV lane systems. While HOV lanes 

provide some degree of time savings in the Hampton Roads Area, the overall traffic 

congestion and time saved is much less than on Northern Virginia highways. A 2002 

study on attitudes about HOV lanes in the Hampton Roads area indicated that most 

people favored the lanes, but that only 59% of Peninsula (Newport News and Hampton) 

and 76% of Southside (Norfolk and Virginia Beach) commuters felt that HOV lanes even 

allowed commuters to reach their destinations faster than non-HOV lanes, compared to 

an almost universal appreciation of potential HOV time savings among Northern Virginia 

 
 

Sources: Virginia DMV and 
U.S. Census Bureau Data 
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commuters (HOV Attitudinal Research among Hampton Roads Commuters 2002). 

Average distance traveled in the HOV lanes was also only 15 miles, compared to 25 mile 

HOV commutes in Northern Virginia. Additionally, much of the traffic congestion in 

Hampton Roads is the result of several bridges and tunnels that connect neighboring 

counties, none of which have HOV lanes. 

 Another indication of the impact of the I-95/395 HOV exemption is the change in 

hybrid sales patterns in Northern Virginia after the exemption ended for hybrids 

purchased after June 30, 2006. Market share for the first nine months of FY07 dropped 

dramatically in Stafford and Prince William Counties compared to FY06 (the year 

immediately preceding the end of the exemption) and increased only modestly in other 

Northern Virginia counties. This decrease in hybrid sales was in sharp contrast to sales 

increases in most other counties. In addition to a direct response to the end of the I-

95/395 HOV exemption, the lackluster sales increases in the rest of Northern Virginia 

may indicate that consumers along the I-66 and VA 276 corridors are anticipating an end 

to the hybrid exemption on these roads as well in the near future. The relative ratios of 

FY07 to FY06 sales in Virginia counties and cities are shown in figure 31. 
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Figure 31: Ratios of FY07 to FY06 hybrid (HEV) sales 
 
 

 Even before the beginning of FY 2007, the relative effect of Northern Virginia 

HOV lane access on market share – as measured by the Beta values for the HOV dummy 

variable regression coefficient – dropped slightly each year from FY 2002 through FY 

2005 then stabilized in FY 2006. Conversely, the Beta values for the coefficient of the 

household income variable increased each year. By FY 2006, Beta values indicate that a 

change in one standard deviation of household income corresponded to a .43 standard 

deviation increase in hybrid market share, while a standard deviation change in the 

Northern Virginia HOV dummy variable corresponded to only a .38 standard deviation 

change in market share. 

 While the results indicate that the HOV incentive policy in Northern Virginia has 

been effective in promoting adoption in that area – most notably in Stafford and Prince 

 

Source: Virginia DMV Data 
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William Counties, the unintended consequences discussed earlier remain. While this 

chapter looked specifically at Virginia, it is reasonable that evaluations of incentive 

policies in other states would highlight similar trade-offs between effectiveness, equity 

and unintended consequences. Therefore, in the final chapter I discuss the implications of 

my findings for policymakers, and some recommendations on adjusting incentive policies 

to reduce unintended consequences.
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9. Summary of Conclusions and Implications for Policymakers 

 
 
9.1 Summary of Conclusions and Observations 

 In the preceding chapters, I provided a review of HEV technologies, reviewed the 

economic basis for incentive policies, and examined HEV market share patterns at the 

state level to determine the impact of incentives on adoption compared to other 

socioeconomic factors. For Virginia, I also provided a case study of the State’s HOV-lane 

exemption policy, and examined market share at the county and city level. The following 

conclusions and observations emerged: 

• Hybrids currently offer greater fuel economy than comparable gasoline 

equivalents, but it is difficult to rank and compare vehicles based on technology 

classification or absolute fuel economy. A comparison of models illustrates that 

both full and mild hybrids can offer impressive absolute fuel economy, while hybrids 

with some of the lowest fuel economy ratings actually provide the greater fuel 

savings compared to equivalent gasoline vehicles.   

• The Federal Government and some state governments have provided significant 

monetary incentives and other benefits to promote the adoption of hybrids. 

However, these vary widely in value based on the state of residence and the 

individual model purchased.   
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• The effect of monetary incentive policies is small and generally insignificant 

compared to other factors. The value of combined federal and state monetary 

incentives was a significant predictor of market share at the 10% level only for the 

Ford Escape Hybrid in 2005, but even that year a 100% increase in monetary 

incentives was associated with only an 18% increase in state market share. Incentives 

were significant at the 15% level for the Toyota Prius in 2005 and the Honda Civic 

Hybrid in 2003, but with even smaller elasticity coefficients. 

• Gas prices were the strongest and most significant predictor of state market 

share. The relationship between gas prices and state market share was significant for 

all years and models, with a stronger effect (based on log-log elasticity coefficients) 

than any other variable in the regression. The elasticity of state market share with 

respect to average gasoline price varied from 5.1 to 12.2 for the various years and 

hybrid models analyzed. 

•  Changes in incentive policies had only a moderate effect on monthly market 

share patterns in several states. Except for Maryland (which fell from above to 

below the national market share average following the end of its excise tax waiver), 

all states that were above or below the national average before a change in incentive 

policy remained above or below the national average afterwards.  

• Monetary incentives appear to have the greatest effect when they are realized at 

time of purchase. In studying changes in market share patterns following changes in 

state monetary incentives, the most significant changes were associated with rebates 

and excise tax waivers, both of which are realized by the consumer at the time of 
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purchase. Other monetary incentives that are not realized until later, such as tax 

credits and annual fee reductions, showed smaller or insignificant effects on state 

market shares compared to the national average.  

• Virginia’s HOV incentive policy had a significant impact on market share, but in 

Northern Virginia only. The effect in Hampton Roads was insignificant. The 

policy may also have introduced significant unintended consequences, such as 

increasing Northern Virginia HOV lane congestion and a reduction in the positive 

image of hybrids among Northern Virginia residents.     

 

9.2 Recommendations for Making Monetary Incentive Policies More Effective 

 The primary conclusions from the analyses of state-by-state market share are that 

the effect of monetary incentive policies is small and generally insignificant compared to 

other socioeconomic determinants. Of the other determinants, gas prices had the most 

significant relationship and largest effect, as indicated by elasticity coefficients much 

greater than one for each of the models and years analyzed. There are limitations to these 

findings, including concerns about omitted variable bias or the ability to use the derived 

coefficients to forecast into the future, but the results do point to several 

recommendations for policy makers: 

• Consider fuel taxes as an alternative to monetary incentive policies. If, as the 

cross-sectional analysis indicates, hybrid adoption is strongly related to gas prices, 

then gas taxes that increase average gas prices in a state may lead to increased hybrid 

market share. Higher gas prices are also likely encourage consumers to purchase 
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more fuel efficient cars in general, and to induce the innovation of new energy 

efficiency technologies by manufacturers (Newell, Jaffe, and Stavins 1999). 

However, there are significant caveats to this recommendation. Gas taxes are likely to 

be regressive since fuel expenses are largely inelastic with income in the short term. 

Additionally, lower income consumers are less likely to afford the higher up-front 

premium for a hybrid and more likely to discount future fuel cost savings from a 

hybrid purchase. Finally, it may be difficult (both technically and politically) to 

implement gas taxes that are comparable in magnitude to recent market variations. 

The response to a fixed tax amount per gallon will also decrease over time if gas 

prices continue to increase, because the tax will represent a smaller and smaller 

percentage of the cost. This could be corrected by imposing an additional percentage 

sales tax on gasoline, but if consumers purchase hybrids as “hedge” against fuel price 

uncertainty, then even a predictable gasoline tax percentage may not have the same 

impact on consumers as the unpredictable volatility of the market.     

• Design any monetary incentives to take into account consumer income. Current 

monetary incentives are generally not tied to the income of consumers. Because the 

social benefits of a hybrid, per mile driven, are unrelated to the income of the 

consumer, there is no traditional economic basis for tying payout to income. 

However, the significance of income as a predictor of adoption suggests an equity 

issue, in that higher income consumers are likely to receive a higher percentage of 

payouts. Given the apparent weak or negligible effect of monetary incentives, this 

actually suggests that incentive payments are creating a subsidy for higher income 
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consumers without significantly affecting purchase decisions. In other words – 

current monetary incentives for hybrids may be rewarding those who need the 

incentive the least for a purchase they were likely to have made anyway.  Preventing 

incentive payments to consumers with incomes over a certain level may help prevent 

a regressive distribution of the tax money required to fund those incentive programs.       

• Design any HEV monetary incentives so that they are easy to claim and are 

realized at the time of purchase. The comparison of monthly market share to the 

national average for individual states pointed to excise or sales tax waivers as more 

effective than rebates or tax credits in influencing adoption. This makes sense from a 

behavior standpoint, since consumers are likely to discount any incentive that is not 

received up-front.  

• Extend any monetary incentives to include used hybrids as well as new ones. 

Virtually all current federal and state monetary incentives apply only to the purchase 

of new hybrids, many of which are beyond the price range of low-income consumers. 

Analysis of used hybrid registrations in Virginia indicated that the factors affecting 

used hybrid purchases were similar to those of new hybrids. Therefore, extending the 

incentives to used hybrids as well would provide an opportunity to address equity 

considerations and influence the market segment with the highest effective discount 

rate for fuel efficiency technologies. It could also introduce more churn in the market, 

providing a greater incentive (i.e. higher resale value) for people who already own 

hybrids to upgrade to the next generation of technology. 
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9.3 Recommendations for Improving HOV policies 

  The analysis of hybrid registration patterns in Northern Virginia suggests that 

HOV lane incentive policies can significantly impact the adoption of hybrids by 

consumers, but only under specific circumstances. In Virginia, the impact of the HOV 

incentive on hybrid sales was directly related to the amount of time savings offered by 

the HOV lane. Hybrid sales were the highest along the I-95/395 corridor, while the effect 

for other HOV lanes was less dramatic (and negligible in the Hampton Roads Area). 

Additionally, the incentive must be sustained to continue affecting sales, as evidenced by 

the drop-off in sales in Stafford and Prince William Counties after Virginia ended the 

HOV exemption on I-95/395 for hybrids purchased after June 30, 2006. Given these 

limitations on the effectiveness of HOV exemption policies, I offer the following 

suggestions: 

• Offer HOV incentives for only a limited amount of time, such as one or more 

years after initial purchase or resale34. This limitation will help prevent the 

development of a group of entrenched stakeholders who will resist changes to the 

exemption policy years later. It would also encourage drivers to purchase new hybrids 

at the end of the exemption period and to place their original hybrids in the used car 

market. The influx of used hybrids into the market would increase their availability to 

lower income consumers, thus addressing the equity issue of the HOV incentive. 

• Limit the total number of HOV exemption permits allowed at any time and use a 

lottery system to assign them to hybrid owners when there are more applicants 
                                                 
34 This policy may require controls to ensure that owners do not simply re-sell their vehicles below market 
price to friends or family as a means of renewing their HOV privileges. 
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than permits. This would address the possibility of overcrowding on HOV lanes 

while still providing an incentive for purchasing a hybrid. California has already used 

this method to assign HOV permits. While this method provides less of an incentive 

for purchasing a hybrid than offering a guaranteed HOV exemption, it still provides 

consumers with a reasonable expectation of a reward in the future and prevents the 

development of a permanent group of entrenched stakeholders. There are 

undoubtedly many other ways to design an HOV incentive policy for hybrids, but the 

key to effective policy design is to provide as much of an incentive to consumers as 

possible while controlling adverse consequences such as HOV overcrowding, 

entrenched stakeholders, equity concerns, and the loss of an environmentally 

conscious image for hybrid owners. 

 

9.4 Recommendations for Aligning Incentives with Positive Social Outcomes 

 This dissertation has focused mainly on the effect of incentive policies on HEV 

adoption, as opposed to focusing on the theoretical social benefits and costs of these 

incentive policies. However, there are several observations and recommendations 

stemming from the previous chapters that relate to the broader issue of actually tying 

policies to socially desirable outcomes.  These include: 

• Avoid assigning incentives to hybrids based solely on technology classification. 

The technology characteristics and wide array of classifications for hybrid systems 

illustrates several important points that are relevant to policy analysis. First, while 

HEV technologies provide a powerful means of improving automobile fuel 
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efficiency, employing a hybrid system does not necessarily make a vehicle more 

efficient. Thus, policies that group all HEVs into a single category – not taking into 

account an HEV’s overall fuel economy or fuel economy gains compared to similar 

conventional vehicles – may promote the adoption of certain HEV models with 

limited social benefits. Second, assigning incentives based solely on hybrid system 

classifications (such as parallel vs. series, mild vs. full or performance vs. economy) 

may also be of limited use since these classifications do not translate into uniform 

fuel economy gains or social benefits. Finally, hybrid electric technology is not the 

only means of achieving improved fuel efficiency in automobiles. Modern diesel 

vehicles running on low sulfur diesel fuel also achieve fuel economy and emissions 

ratings on par with hybrids and are currently favored over hybrids in European 

markets (Smith 2005).  Hybrid technology may also be combined with diesel or other 

alternative fuel technologies to achieve even greater fuel efficiency and emissions 

reductions (Ogden 2004). One example is the plug-in hybrid (PHEV), which 

combines HEV and all-electric vehicle technology. 

 To minimize the unintended consequences of promoting the adoption of HEVs, 

policymakers may be wise to offer any incentives based on measurable parameters 

such as fuel efficiency, emissions, performance and cost in comparison not only to 

similar gasoline models, but compared to other alternative vehicle technologies that 

may be equally socially beneficial. Even if larger hybrids compare favorably with 

vehicles of equivalent size and performance, they may still be less efficient overall 

than smaller gasoline vehicles, leaving policymakers with the choice of determining 
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which metric to use in comparing the merits of hybrids – absolute performance 

compared to all vehicles or relative performance compared to vehicles in a particular 

class. 

• Offer incentives that take into account fuel economy and emissions ratings, not 

just incremental costs. Many state incentives are based solely on purchase price or 

the incremental cost of the hybrid over its equivalent non-hybrid model, neither of 

which necessarily relate to the social benefits of a particular vehicle.  This creates the 

potential for the highest incentives actually going to expensive muscle or 

performance hybrids, which ironically provide the smallest incremental 

improvements in fuel economy. There are a variety of metrics by which to evaluate 

the social benefits of hybrids, but setting minimum standards for overall fuel 

economy or percentage improvement in fuel economy over equivalent non-hybrid 

vehicle may help better align incentives with desired social outcomes.   

 Virginia’s HOV policy has been very lenient in this respect, with the state issuing 

clean fuel plates to performance hybrid models (such as the Lexus and Honda 

Accord) with fuel economy ratings lower than many non-hybrids. Other states have 

adopted more stringent standards for tax incentive policies, providing incentives only 

to hybrids with fuel economy greater than 40 or 50 mpg. While fuel economy 

standards do not alleviate the potential for unintended consequences such as HOV 

lane overcrowding or reducing the use of public transit, they increase the likelihood 

that the hybrids on HOV lanes will be significantly more efficient than non-hybrids 

with multiple passengers. 
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• Continuously update incentives to take into account technology updates and 

changes in the relationships between incentives and adoption patterns. If 

incentive values are set initially and not re-examined periodically, governments may 

provide payments years later regardless of whether those payment are still effective in 

promoting adoption or warranted based on social outcomes. As the relative social 

benefits of a particular hybrid change compared to the average U.S. fleet or to other 

hybrid models – either from improvements in the fuel economy standards or the 

introduction of newer and more efficient hybrids – policy makers should also 

consider changing the value of the incentives for that model. While this dissertation 

illustrates the difficulty in determining the exact relationship between incentives and 

social outcomes, examination of HEV sales at the local level over time may still be 

useful in pointing out changes in the relationships between incentives and adoption 

patterns. This in turn may warrant adjusting incentive policies to increase their 

impact, or the decision to abandon them entirely if they appear to be ineffective. 

 

9.5 Extensions 

 Throughout this dissertation I have examined the determinants of HEV adoption 

with the goal of offering insights for policymakers. The results of my analyses suggest 

that current or expected gasoline prices may be the single biggest determinant of 

adoption, and that government incentive policies may be limited in there ability to 

dramatically impact consumer adoption decision.  
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 Although I have focused on hybrid vehicles, the insights from this dissertation are 

not intended to apply only to hybrid technology, or to advocate government emphasis on 

hybrids over other alternative fuel and fuel efficiency vehicle technologies. Hybrids 

provided an excellent case study for cross-sectional comparisons because they utilize the 

same gasoline infrastructure as conventional vehicles and because extensive data was 

available on hybrid registrations. Other types of vehicle technologies, such as battery, 

fuel cell, diesel, and compressed natural gas (CNG) all require access to a separate 

refueling infrastructure that may not be available in all locations. Thus, comparing the 

adoption patterns for other types of technologies would require the introduction of 

additional controls and assumptions, and may not lead to conclusions or 

recommendations that are as general as those for hybrids. However, the principle of using 

variation in adoption patterns between different states or jurisdictions (or even countries) 

to provide insight on the determinants of adoption is still applicable. One possible future 

study is a cross-sectional analysis of diesel adoption patterns in the European Union 

(EU). Like states in the U.S., EU member nations share many common rules and 

regulations for automobile emissions and safety, which would tend to result in equivalent 

models being sold in each country, yet they face differences in fuel prices and other state-

specific socio-economic factors that could create differences in consumer preference. 

Like the analysis of hybrids in the U.S., the challenge would be formulating the correct 

assumptions and controls to allow for a meaningful comparison and isolate the true 

determinants from country-specific effects. 
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 If rising gasoline prices promote the adoption of hybrids in the U.S., they will 

undoubtedly also induce innovation of other technologies, some of which may even make 

hybrids obsolete. Likewise, improvements to conventional gasoline vehicles may produce 

fuel economies that rival the current generation of HEVs, either through innovation in 

fuel efficiency technologies or the simple substitution of vehicle weight and performance 

for fuel economy. Newell, et al. (1999) found that rising energy costs led manufacturers 

to offer more energy efficient models of consumer durables such as water heaters and air 

conditioners, and it is reasonable that this “induced innovation” effect should occur in 

automobile technologies during the 21st century. Effective public policies aimed at 

consumers must have the flexibility to promote the adoption of the most social beneficial 

of these new or improved technologies, while not foreclosing the adoption of other 

promising alternatives. 
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Appendix 

List of State Incentives 

 

 Table 15 summarizes past and present state consumer incentives for hybrid 

vehicles, including HOV lane privileges: 

 

 
Table 15: Summary of State Consumer Incentives for Hybrid Vehicles35 

State Expired Consumer 
Incentives 

Current Consumer 
Incentives 

HOV Incentives 

ALABAMA                      None None None 
ALASKA                         None None None 
ARIZONA                        None None Law passed 9/8/06, 

implemented on 2/8/0736 
ARKANSAS                     None None None 
CALIFORNIA                  None None Authorized by state on 

1/1/05, implemented on 
8/10/2005 for limited 
number of hybrids 
annually 

COLORADO                    None Rebate for the 
percentage of 
Incremental cost of a 
Hybrid over a 
conventional gas vehicle 
through 201137 

None 

CONNECTICUT              None 6% sales tax exemption 
for > 40mpg for hybrids 
purchased between 
10/1/04 and 7/1/08 

None 

DELAWARE                    None None None 

                                                 
35  sources: http://go.ucsusa.org/hybridcenter/incentives.cfm and 
http://www.eere.energy.gov/afdc/incentives_laws.html unless otherwise noted 
36 For analysis purposes, the HOV incentive was considered effective in 2006 following enactment of state 
legislation.  
37 see http://www.revenue.state.co.us/fyi/html/income09.html 



 

 152

State Expired Consumer 
Incentives 

Current Consumer 
Incentives 

HOV Incentives 

DISTRICT OF 
COLUMBIA           

none Excise tax exemption 
(6% for vehicles < 3500 
lbs, 7% for heavier 
vehicles) starting 
4/15/2004; Additionally, 
vehicle registration fees 
for HEVs and clean fuel 
vehicles are reduced to 
$36.00 per year from 
$72 (< 3500 lbs) or $115 
(> 3500 lbs 

None 

FLORIDA                        None None Effective as early as 
October 2005 based on 
trigger law tied to 
federal authorization in 
the Energy Policy Act 

GEORGIA                        None None None 
HAWAII                         None None None 
IDAHO                          None None None 
ILLINOIS                       None None None 
INDIANA                        None None None 
IOWA                           None None None 
KANSAS                         None None None 
KENTUCKY                    None None None 
LOUISIANA                     None lesser of 2% or $1500, 

started 11/8/02 
None 

MAINE                          None None None 
MARYLAND                   5% excise tax waiver 

from 7/1/00-6/30/04 
Hybrids with average 
fuel economy over 
50mpg are exempt from 
$14 emissions 
inspection fees for 3 
years starting on 1/21/03 

None 

MASSACHUSETTS        None None None 
MICHIGAN                      None None None 
MINNESOTA                   None None None 
MISSISSIPPI                    None None None 
MISSOURI                       None None None 
MONTANA                      None None None 
NEBRASKA                     None None None 
NEVADA                         None None None 
NEW HAMPSHIRE         None None None 
NEW JERSEY                  None None Hybrids authorized on 

New Jersey Turnpike 
HOV lanes starting 
4/27/0638 

                                                 
38 Considered as HOV exemption for analysis purposes 
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State Expired Consumer 
Incentives 

Current Consumer 
Incentives 

HOV Incentives 

NEW MEXICO                 None 7/1/04 - 6/1/09, HEVs 
with fuel economy 
greater than 27.5 mpg 
exempt from 3% motor 
vehicle excise tax from 
7/1/04 - 6/1/09 

None 

NEW YORK                     $2000 tax credit expired 
12/31/06. Incremental 
cost of the hybrid 
vehicle over the 
conventional vehicle 
(specified as $3000) also 
exempt from 8% sales 
tax through 2/28/04 

None Hybrids authorized on 
Long Island Expressway 
HOV lanes starting 
3/1/0639 

NORTH CAROLINA       fleet vehicle mandates None None 
NORTH DAKOTA           None None None 
OHIO                           None None None 
OKLAHOMA                   None None None 
OREGON                         None $15000 consumer tax 

credit or 35% 
incremental cost 
business tax credit40 

None 

PENNSYLVANIA            $1500 - $2000 grant for 
incremental cost of 
purchasing a hybrid over 
an equivalent gasoline 
vehicle.41 

$500 rebate since 2005, 
funding by $1.5 Million 
expected some time in 
2007-2008 (Apot 2007) 

None 

RHODE ISLAND             None None None 
SOUTH CAROLINA       None State tax credit 

equivalent to 20% of  
federal tax credit 
starting 6/1/06 

None 

SOUTH DAKOTA           None None None 
TENNESSEE                    None None None 
TEXAS                          None None None 
UTAH                           None 50% incremental cost 

tax credit for only the 
Honda Civic from 2001-
2005 

Hybrids authorized from 
2005-2010, 
implemented in 200642 

VERMONT                       None None None 

                                                 
39 Considered as HOV exemption for analysis purposes 
40 http://www.oregon.gov/ENERGY/TRANS/hybridcr.shtml 
41 Based on discussions with Pennsylvania officials, only about 50 grants were given out each year due to 
lack of publicity and lengthy application requirements that had to be completed prior to purchasing the 
vehicle. (Apot 2007) Therefore, this incentive was not considered in the regression analysis 

42 Due to underutilization of HOV lanes, Utah allows all vehicles exemption from HOV lane privileges for 
an annual fee. Hybrid drivers pay a fee that is substantially less 
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State Expired Consumer 
Incentives 

Current Consumer 
Incentives 

HOV Incentives 

VIRGINIA                       $200 tax credit through 
2006 

None Hybrids authorized on 
HOV lanes statewide 
through 200643 

WASHINGTON               None Exemption from 
biannual emissions 
control requirements 
($15 biannual fee) for 
hybrids with average 
fuel economy  greater 
than 50mpg 

None 

WEST VIRGINIA            Incremental tax credit, 
$3750 maximum value, 
for hybrids purchased 
through 6/30/06. 
Colorado incremental 
value figures used by 
the state for calculating 
value44  

None None 

WISCONSIN                    None None  
WYOMING                      None None  

 

                                                 
43 Hybrids purchased after 2006 are allowed on all HOV lanes except I-95/395 in Northern Virginia. HOV 
law requires annual reauthorization since 2006. 
44 see http://www.revenue.state.co.us/fyi/html/income09.html 



 

155 

 

 

List of References 



 

 156

 
 

 
 

List of References 
 
 

 
2005: Year of the Hybrid. 2004. Rockville: ChangeWave Research. 
 
Adamson, Kerry Ann. 2004. Hydrogen From Renewable Sources -- the Hundred Year 

Commitment. Energy Policy 32:1231-1242. 
 
Apot, David. 2007. Phone Conversation on Pennsylvania Hybrid Incentive Grant 

Program, August. 
 
Argote, Linda, and Dennis Epple. 1990. Learning Curves in Manufacturing. Science 247 

(4945):920-924. 
 
Army Will Fund Hybrid Vehicle Research in 2006. 2006. Military and Aerospace 

Electronics Online. 
 
Bajic, Vladimir. 1988. Market Shares and Price-Quality Relationships: An Econometric 

Investigation of the U.S. Automobile Market. Southern Economic Journal 54 
(4):888-900. 

 
Bass, Frank. 1969. A New Product Growth Model for Consumer Durables. Management 

Science 15 (5):215-227. 
 
Baumol, William. 1972. On Taxation and the Control of Externalities. The American 

Economic Review 62 (3):307-322. 
 
Bayles, Fred. 2001. Varying prices for gas leave drivers fuming. USA Today, August 14. 
 
Berry, Seven, James Levinsohn, and Ariel Pakes. 1995. Automobile Prices in Market 

Equilibrium. Econometrica 63 (4):841-890. 
 
Blanco, Sebastian. 2008. Can this be True, Does the Clean Air Act Stop Most of us From 

Buying Clean Cars? , September 4 2007 [cited 21 January 2008]. Available from 
http://www.autobloggreen.com/2007/09/04/can-this-be-true-does-the-clean-air-
act-stop-most-of-us-from-bu/. 

 
Burke, Andrew. 2004. Present Status and Marketing Prospects of the Emerging Hybrid 

Electric and Diesel Technologies to Reduce CO2 Emissions of New Light-Duty 



 

 157

Vehicles in California. Davis: Institute of Transporation Studies, University of 
California, Davis. 

 
Button, Kenneth, Ndoh Ngoe, and John Hine. 1993. Modelling Vehicle Ownership and 

use in Low Income Countries. Journal of Transport Economics and Policy 
(January). 

 
California Approves Single Occupancy HOV Access to 2011. 2006. LA Car.com, 

September 30. 
 
Canes, Michael E. 2003. Economics of Hybrid Electric Vehicles. IAEE Newsletter, 

Second Quarter, 13-17. 
 
Cao, Xinyu, and Patricia Mokhtarian. 2004. Future Demand for Alternative Fuel 

Passenger Vehicles: A Diffusion of Innovation Approach: UC Davis - Caltrans 
Air Quality Project. 

 
Cao, Xinyu, Patricia Mokhtarian, and Susan Handy. 2004. Cross-sectional and Quasi-

panel Explorations of the Connection between the Built Environment and Auto 
Ownership: University of California, Dave. 

 
Census of Population and Housing. 2000. U.S. Census Bureau. 
 
Chow, Gregory C. 1957. Demand for Automobiles in the United States: A Study in 

Consumer Durables. Amsterdam: North-Holland Publishing Company. 
 
Cutchin, Carli, and Marika Benko. 2007. Congestion Pricing. California Center for 

Innovative Transportation at the University of California at Berkeley and 
Caltrans, November 2007 [cited November 19 2007]. Available from 
http://www.calccit.org/itsdecision/serv_and_tech/Congestion_pricing/congestion_
pricing_report.htm#Case. 

 
DOE. 2007. New Energy Tax Credits for Hybrids. 
 
The Dollars and Sense of Hybrids. 2006. Consumer Reports, April, 18-21. 
 
Duvall, Mark, and Eladio Knipping. 2007. Environmental Assessment of Plug-In Hybrid 

Electric Vehicles: Electric Power Research Institute and Natural Resources 
Defense Council. 

 
Edmonds.Com. 2007. Hybrid Center. 
 
Edwards, Owen. 2006. EV1 Dead End. Smithsonian, June. 
 



 

 158

EPA Green Vehicle Guide. 2008. U.S. Environmental Protection Agency. 
 
Fuel Economy Guide. 2003. U.S Department of Energy and U.S. Environmental 

Protection Agency. 
 
Fuel Economy Guide. 2006. U.S Department of Energy and U.S. Environmental 

Protection Agency. 
 
Fuel Economy Guide. 2007. U.S. Department of Energy and U.S. Environmental 

Protection Agency. 
 
Ginsberg, Steven. 2006. Hybrid Perks may Become Problems. Washington Post, 

February 14, B08. 
 
Gormley, William T. Jr., and Steven J. Balla. 2004. Bureaucracy and Democracy: 

Accountability and Performance. Washington: CQ Press. 
 
Griliches, Zvi. 1957. Hybrid Corn: An exploration in the Economics of Technological 

Change. Econometrica 25 (4):501-522. 
 
Hamilton, Lawrence. 2004. Statistics with Stata. Stata 8 ed. Belmont, CA: Brooks/Cole. 
 
Heffner, Reid R., Kenneth S. Kurani, and Thomas S. Turrentine. 2005. Effects of Vehicle 

Image in Gasonline-Hybrid Electric Vehicles. Davis: UC Davis Institute for 
Transportation Studies. 

 
Highway Statistics. 2001-2005. Washington, DC: Federal Highway Administration. 
 
HOV Attitudinal Research among Hampton Roads Commuters. 2002. Chester, VA: The 

Marketing Source (for Virginia Department of Transportation). 
 
How Hybrids Work 2007. U.S. Department of Energy 2007 [cited February 14 2007]. 

Available from http://www.fueleconomy.gov/feg/hybridtech.shtml. 
 
Hsiao, Cheng. 1996. Random Coefficients Models. In The Econometrics of Panel Data: 

A Handbook of the Theory with Applications, edited by L. Matyas and P. 
Sevestre. Dordrecht: Kluwer Academic Press. 

 
Hybrid Incentives and Rebates -- Region by Region. 2007. HybridCars.com. 
 
Irvine, F. Owen Jr. 1983. Demand Equations for Individual New Car Models Estimated 

Using Transaction Prices with Implications for Regulatory Issues. Southern 
Economic Journal 49 (3):764-782. 

 



 

 159

Jaffe, Adam B., Richard G. Newell, and Robert N. Stavins. 2002. Environmental Policy 
and Technical Change. Environmental and Resource Economics 22:41-69. 

 
Jaffe, Adam B., and Robert N. Stavins. 1994. The Energy Efficiency Gap: What does it 

mean? Energy Policy 22 (10):804-810. 
 
Jordan, Jason. 2007. New Law, New Questions. American Planning Association, May 

2006 [cited November 2007]. Available from 
http://www.environmentaldefense.org/documents/5247_PlanningMay06.pdf. 

 
Lave, Lester B., and Heather MacLean. 2001. Are Hybrid Vehicles Worth It? IEEE 

Spectrum 38 (3):47-50. 
 
Layton, Julia, and Karim Nice. 2007. How Hybrid Cars Work  2007 [cited February 14 

2007]. Available from http://auto.howstuffworks.com/hybrid-car.htm. 
 
Llanos, Miguel. 2007. Consumer Reports Fixes Error on Hybrid Costs, March 9 2006 

[cited 2007]. Available from http://www.msnbc.msn.com/id/11637968/. 
 
Macauley, Molly K., Jhin-Shyang Shih, Emily Aronow, David Austin, Tom Bath, and 

Joel Darmstader. 2002. Measuring the Contribution to the Economy of 
Investments in Renewable Energy: Estimates of Future Consumer Gains. 
Washington: Resources for the Future. 

 
McKenzie, Richard B. 2007. Sticker Shock. Opinion Journal - From The Wallstreet 

Journal February 19. 
 
McManus, Walter S., and Bradley Berman. 2005. 2005 O.S.A.T.– HybridCars.com 

Survey of Owners and Shoppers: University of Michigan Transportation Research 
Institute. 

 
Monthly Motor Fuels Report. 2007. Washington, DC: Federal Highway Administration. 
 
Morrison, Dennis C., and Mike Counts. 2005. Second Report of the High-Occupancy 

Vehicle Enforcement Task Force: Virginia Department of Transportation. 
 
New Energy Tax Credits for Hybrids. 2007. Department of Energy. 
 
New Passenger Car Fleet Characteristics. 2006. National Highway Transit Safety 

Adminstration. 
 
Newell, Richard G., Adam B. Jaffe, and Robert N. Stavins. 1999. The Induced 

Innovation Hypothesis and Energy Saving Technological Change. The Quarterly 
Journal of Economics 114 (3):941-975. 



 

 160

 
Norberg-Bohm, Vicki. 1999. Stimulating "Green" Technological Innovation: An analysis 

of alternative policy mechanisms. Policy Sciences 32 (1):13-38. 
 
———. 2002. The role of government in Technology Innovation: Guidance for 

Government Policy in the Energy Sector (BCSIA Working Paper 2002-14). 
Cambridge: Belfor Center for Science and International Affairs, Kennedy School 
of Government, Harvard University. 

 
Ogden, Joan M., Robert H. Williams and Eric D. Larson. 2004. Societal lifecycle costs of 

cars with alternative fuels/engines. Energy Policy 32:7-27. 
 
Panel Data 2007. Princeton University Library, January 26, 2006 2006 [cited November 

2007]. Available from http://dss.princeton.edu/online_help/analysis/panel.htm. 
 
Pema, Elda. Do State Taxes Affect the Migration of Human Capital: Naval Postgraduate 

School. 
 
Polk, RL. 2007. RL Polk Dataset of Hybrid Vehicle Registrations per State 2001-2006: 

RL Polk Corporation. 
 
Potential Impact of Exempt Vehicles on HOV Lanes. 2005. Federal Highway 

Administration. 
 
Rogers, Everett M. 1995. Diffusion of Innovations. 4th ed. New York: The Free Press. 
 
Sabatini, Jeff. 2007. Pale Green - Lexus' $100,000 Hybrid. Wall Street Journal, 

November 2, W4. 
 
Santini, D.J., and A.D. Vyas. 2005. Suggestions for a New Vehicle Choice Model 

Simulating Advanced Vehicles Introduction Decisions (AVID): Structure and 
Coefficients. Argonne, IL: Center for Transportation Research, Argonne National 
Laboratory. 

 
Share of Diesel 2008. European Automobile Manufacturers' Association 2008 [cited Feb 

2 2008]. Available from 
http://www.acea.be/images/uploads/st/20080131_diesel%2090-07.pdf. 

 
Siy, Eric, Leo Koziol, and Darcy Rollins. 2001. State of the States: Assessing the 

Capacity of States to Achieve Sustainable Development Through Green Planning. 
San Francisco: Resource Renewal Institute. 

 
Smith, Steven Cole. 2007. Diesels Offer Alternative to Hybrid Car. Cars.com 2005 [cited 

November 25 2007]. Available from 



 

 161

http://www.cars.com/go/crp/buyingGuides/Story.jsp?section=Hybrid&story=Hyb
ridDiesel&subject=stories&referer=&year=2006. 

 
Sperling, Daniel, David Bunch, and Andrew Burke. 2004. Analysis of Auto Industry and 

Consumer Response to Regulations and Technological Change, and 
Customization of Consumer Response Models in Support of AB 1493 
Rulemaking. Davis, CA: Institute of Transportation Studies, Univesity of 
California, Davis. 

 
State and Federal Incentives and Laws 2007. U.S. Department of Energy 2007 [cited 

November 2007]. Available from 
http://www.eere.energy.gov/afdc/incentives_laws.html. 

 
State Incentives for Hybrid Electric Vehicles 2005. U.S. Department of Energy 2004 

[cited October 2005]. Available from 
http://www.eere.energy.gov/cleancities/incen_laws.html. 

 
Stock, James H., and Mark W. Watson. 2003. Introduction to Econometrics. Boston: 

Addison Wesley. 
 
Stoneman, Paul, and Paul Diederen. 1994. Technology Diffusion and Public Policy. The 

Economic Journal 104:918-930. 
 
Teece, David. 1986. Profiting from Technological Innovation: Implications for 

Integration, Collaboration, Licensing and Public Policy. Research Policy 15 
(6):285-305. 

 
Telsa Motors Website 2008.  2008 [cited February 4 2008]. Available from 

www.teslamotors.com. 
 
Toyota to Test Plug-In Hybrid 2008. CBS News 2007 [cited February 4 2008]. Available 

from http://www.cbsnews.com/stories/2007/07/25/tech/main3095541.shtml. 
 
Ulrich, Lawrence. 2005. The New Green Machine: Lexus RX400h. In Money Magazine. 
 
Urban Rural Continuum Codes 2007. Department of Agriculture, Economic Research 

Service 2003 [cited June 2007]. Available from 
http://www.ers.usda.gov/Briefing/Rurality/RuralUrbCon/. 

 
Valdes-Dapena, Peter. 2007. Diesel Cars are Coming Back. CNNMoney.com, June 5. 
 
Virginia county gas price map, June 7 2007.  2007 [cited June 7 2007]. Available from 

www.gasbuddy.com. 
 



 

 162

Virginia General Election Results 2007. Virginia State Board of Elections 2005 [cited 
June 2007]. Available from 
http://www2.sbe.virginia.gov/web_docs/Election/results/2005/nov2005/html/. 

 
Voelcker, John. 2007. Lithium Batteries Take to the Road. IEEE Spectrum Online. 
 
Washington State Gasoline Report. 2007. Washington State Office of the Attorney 

General  
 
Wolf, Charles. 1997. Markets or Governments. 2nd ed: MIT Press. 
 
World Energy Assessment: Energy and the Challenges of Sustainability. 2000. New 

York: World Energy Council  
 
 



 

163 

 
 
 
 

CURRICULUM VITAE 
 
 
 

David B. Diamond graduated from Annapolis High School, Annapolis, Maryland, in 
1989.  He received a Bachelor of Arts in History from Rice University in 1993, followed 
by Bachelor of Science in Mechanical Engineering and Master of Mechanical 
Engineering degrees from Rice in 1994. He received a Master of Science in Technology 
Management from the University of Maryland, University College in 2002, and a Doctor 
of Philosophy in Public Policy from George Mason University in 2008.  
 
Dr. Diamond served as an active duty submarine officer in the U.S. Navy from 1994 
through 2000, and has continued to serve as a reserve component officer since 2001. He 
is currently assigned as the Commanding Officer of the Reserve Detachment of the Naval 
Submarine Support Center, New London in Groton, CT. He has been employed as a 
Research Fellow at LMI (formerly the Logistics Management Institute) since 2001. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




