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ABSTRACT 

Hybrid Electric Vehicles (HEV) have been in the US automobile market since 1999 with the 

introduction of Honda Insight. The HEV technology gained attraction from the US regulators with 

the hopes of tackling air pollution and oil dependency. Given the financial incentives provided by 

the Energy Policy Act of 2005, the hybrid penetration has been noticeably slow. This paper aims 

to shed light on why this technology has failed to attract buyers and provide more intuition about 

this market. The results suggest that car owners desire bigger size and more powerful vehicles, yet 

hybrid cars are smaller in size and have less horsepower compared to a conventional gasoline-

powered vehicle. Even though financial incentives; such as, tax rebates are offered to potential 

buyers or their higher fuel efficiency help to reduce emitting greenhouse gasses, the physical 

attributes of the vehicles themselves seem to be the dominant factors of slowing down the adoption. 



iii	
	

	
BIOGRAPHICAL SKETCH 

Sogol Kananizadeh was born December 23, 1990 in Tehran, Iran. She immigrated to California 

in 2008 where she attended University of California, Berkeley for her undergraduate studies in 

Environmental Economics and Policy. After graduating, she spent 2 years as an energy analyst at 

Applied Energy Group (EnerNOC) in the Energy Analysis and Planning team consulting utility 

companies for their energy conservation programs. She is a Master of Science candidate in 

Applied Economics and Management at Cornell University and has accepted a position as a 

Senior Analyst in commercial real estate global data management at Jones Lang Lasalle (JLL).



iv	
		

	

ACKNOWLEDGEMENTS 

It is my pleasure to express my sincere appreciation to all those who helped and supported 

me throughout my master’s studies. First and foremost, I would like to express my deepest thanks 

to Dr. Shanjun Li, my advisor, for his kind encouragement, and enduring support and guidance 

during the research process. His passion for research and immense knowledge have been an 

inspiration to me. I would also like to thank Dr. Harry Kaiser for his willingness to serve and his 

feedback and suggestions for improving this thesis. Their help and comments were crucial to the 

successful completion of this work.  

I would also like to give special thanks to Jianwei Xing, Jing Qian, and Nahim Zahur for 

their continuous support and help. It’s been a pleasure working with you and your insight and 

assistance have been paramount to my success whilst at Cornell 

Lastly, I’d like to thank my parents Daryoush Kananizadeh and Ramina Majidi, my sister 

Maygol Kananizadeh, my best friends at Cornell Dayea Oh, Amy Carduner, and Hyeik Kim, and 

my boyfriend Chris Peritore. Without your love, support, and encouragement I would not have 

been able to finish this Master of Science degree.



v	
		

 

TABLE OF CONTENTS 
LIST OF FIGURES 
 	
Figure 1. U.S. hybrid vehicle penetration ..................................................................................... 10 

Figure 2. Percent of hybrid cars among new vehicles sold ........................................................... 11 

Figure 3. HEV market share in the US (2000-2012) .................................................................... 23 

Figure 4. Trend of gas prices adjusted for inflation (2012 USD) ................................................. 51 

Figure 5. Trend of average household income adjusted for inflation (2012 USD) ...................... 51 

Figure 6. Trend of aggregated distance traveled adjusted for population (million miles) ............ 52 

Figure 7. Trend of sales-weighted average price adjusted for inflation (2012 USD) ................... 52 

 
LIST OF TABLES 
 
Table 1. Vehicle sales by fuel type ............................................................................................... 20 

Table 2. Vehicle sales by fuel type and segment .......................................................................... 21 

Table 3. Vehicle sales by country of origin .................................................................................. 21 

Table 4. History of Hybrids in the U.S. auto market (2000 – 2012) ............................................ 22 

Table 5. Summary statistics for product attributes, all cars .......................................................... 24 

Table 6. Summary statistics for product attributes, hybrids only ................................................. 24 

Table 7. Summary statistics for product attributes, Prius ............................................................. 25 

Table 8. Summary statistics for product attributes, Corolla ......................................................... 25 

Table 9. Summary statistics for product attributes, Civic (hybrid) ............................................... 25 

Table 10. Summary statistics for product attributes, Civic (gasoline) .......................................... 25 

Table 11. Summary statistics for socioeconomic variables .......................................................... 26 

Table 12. Vehicle depreciation percentage for selected models ................................................... 29 

Table 13. Summary statistics for DPM and HH/Weight .............................................................. 30 

Table 14. OLS estimations for all models .................................................................................... 35 

Table 15. Two Stage Least Squares for all models, First Stage ................................................... 37 

Table 16. Two Stage Least Squares for all models, Second Stage ............................................... 38 

Table 17. Two Stage Least Squares for all models ....................................................................... 39 

Table 18. Summary statistics for product attributes, Camry (hybrid) .......................................... 53 



vi	
	

Table 19. Summary statistics for product attributes, Camry (gasoline) ....................................... 53 

Table 20. Summary statistics for product attributes, Altima (hybrid) .......................................... 53 

Table 21. Summary statistics for product attributes, Altima (gasoline) ....................................... 53 

Table 22. Summary statistics for product attributes, Insight ........................................................ 54 

 
 
CHAPTER I	...................................................................................................................................	8	
INTRODUCTION	..........................................................................................................................	8	

1.1	 Background	...................................................................................................................	8	
1.2	 Industry Background	.....................................................................................................	8	
1.3	 Government Policy	......................................................................................................	12	
1.4	 Statement of the Problem	............................................................................................	13	

1.5	 Organization of Thesis	................................................................................................	14	
CHAPTER II	................................................................................................................................	16	
LITERATURE REVIEW	.............................................................................................................	16	

CHAPTER III	...............................................................................................................................	20	
DATA DESCRIPTION	................................................................................................................	20	

3.1	 Data Sources and Descriptive	.....................................................................................	20	
3.2	 Explanatory Variables	.................................................................................................	23	

CHAPTER IV	..............................................................................................................................	31	

METHODOLOGY	.......................................................................................................................	31	

4.1       Empirical Framework	.................................................................................................	31	
4.2       Endogeneity of Price	...................................................................................................	32	

CHAPTER V	................................................................................................................................	34	

RESULTS	....................................................................................................................................	34	
5.1       OLS Results	.................................................................................................................	34	
5.2       2SLS Results	................................................................................................................	36	
5.3       External Influences	.....................................................................................................	40	
5.4       Discussion	....................................................................................................................	41	

CHAPTER VI	..............................................................................................................................	45	
CONCLUSION	............................................................................................................................	45	

6.1       Concluding Comments	................................................................................................	45	
REFERENCES	.............................................................................................................................	48	



vii	
	

APPENDICES	..............................................................................................................................	51	

	
	



8 
	

 

CHAPTER I 
	

INTRODUCTION 
	
1.1 Background 
	

With gasoline prices fluctuating and greenhouse gas emissions increasing due to higher 

demand for energy, raises the question how we can improve transportation and be smarter 

commuters. It was reported that the transportation sector alone accounts for almost 25% of total 

petroleum production and gasoline consumption for 22% of U.S. greenhouse gas emissions (Bento 

et al. 2010).	These emissions include nitrogen gas (N2), carbon dioxide (CO2), water vapor (H2O), 

carbon monoxide (CO), hydrocarbons or volatile organic compounds (VOCs), and nitrogen oxides 

(NO and NO2, together called NOx). Some of these gasses (CO, NO, SO) are considered major 

pollutants and have contributed to the rise of global temperature. This especially has worried 

scientists and environmentalists as reversing the climate change may be impossible if no action is 

taken to stop the progression.  

In the midst of escalating concerns about the dangers of greenhouse gas emissions and 

depletion of non-renewable energy reserves, the US government has shown efforts to regulate air 

pollution and address oil dependency. As a result, the American policy makers introduced the 

Energy Act of 2005 which identifies the hybrid-electric vehicles as a solution and provides 

financial incentives for new HEV ownership to encourage low emission vehicle purchases.  

1.2 Industry Background 
	

The automotive hybrid technology was first developed in 1901 when Ferdinand Porsche 

designed the Mixte series-hybrid. HEVs use a combination of power sources, a conventional 

internal combustion engine and a high voltage electric motor and to operate these vehicles, 
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consumer can either benefit from gas or battery, which recharges by regenerative braking system. 

As a result of their engine structure, they are more fuel efficient than a regular gasoline car which 

leads them to have a higher price tag. The concept did not gain traction in the market until the 

introduction of the Honda Insight and the Toyota Prius in 2000. Insight was priced at $18,880 and 

Prius was sold at a higher price marked at $20,450 (in 2000 USD). To put these values in 

perspective, a new Toyota Corolla was sold for $14,000 and Honda Civic costed customers 

$14,575 to own. We can see the price differentiation is quite noticeable between the HEVs and a 

comparable gasoline model at the time of their inception. Among these two models, Prius gained 

more attraction and owned almost 60% of the HEV market leaving Insight the rest. Since Prius 

was introduced a bit later, it was considered to be of higher technology; therefore, it became more 

popular. However, these models collectively only claimed 0.06% of the automotive market overall. 

Just a couple of years later, Honda introduced its Civic hybrid and in 2004, the US joined the 

competition and Ford began selling its Ford Escape hybrid. Since then, more and more models 

have entered the US market, 30 models total in 2012 and their innovative characteristics have made 

these cars appealing to consumers. 

Outside of the American market, Japan has the highest penetration of hybrids with a market 

share of 20% in 2012. However, the rest of the world has yet to observe a spike in their HEV 

adoption. In Canada, only 0.6% of new cars sold are hybrids and in the Europe Member States, 

hybrids account for about 1% of registrations with Netherlands making up 4.5% of total passenger 

car sales. 

Since the inception of the hybrid vehicles, many have foreseen the future for adoption of 

these cars. In 2009, Resources for the Future (RFF) using the National Energy Modeling System 

(NEMS) assumes the HEV market share would account for 23 to 27 percent by 2030 (depending 
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on consumer acceptance of this new technology) in the baseline and under different policy 

scenarios, the market share can increase beyond 30%. In contrary to the predictions, America has 

not been experiencing a rapid adoption. The map below portrays the hybrid adoption 

geographically up to recent years (2013)1. 

Figure 1. U.S. hybrid vehicle penetration 

 
 

We can infer from the map above the HEV adoption is mostly concentrated on the coasts 

and mainly in dense cities. As Zhu and Liu (2013) point out, hybrids are more desired in urban 

areas compared to rural towns due to the neighborhood effect. Recently, significant interest exists 

in the Rust Belt where American manufacturers are ramping up production of Hybrid models 

which leads to increase in their adoption.  

																																																								
1	https://exelate.wordpress.com/tag/online-data/	

Hybrid interest: 

No interest: 
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The figure blow depicts the progression of hybrid vehicle adoption in the US market since 

2000. We see the share of HEVs increases until the effect of recession in 2008 hits. Due to one of 

America’s historical recessions, many lost their jobs which affected their purchasing decisions and 

led to decrease in vehicle acquisition. Another interesting point from this figure is the drop in 2011. 

Beginning in late 2010, the battery electric technology (BEVs) was introduced. With the electric 

cars’ introductions, many potential car buyers may anticipate a drop in HEV prices; therefore, they 

choose to abstain from making their purchase (which can partially explain the increase in sales 

after 2011). Another potential explanation is the catastrophic tsunami that hit Japan in 2011 and 

demolished three of Toyota’s plants and plummeted Toyota’s production by 62.7%2. The Prius 

plant (the most popular hybrid model to this day) wasn’t immune to this natural disaster and greatly 

suffered which caused a shortage in the company’s production and exports.  

Figure 2. Percent of hybrid cars among new vehicles sold 

 
 
																																																								
2 http://usatoday30.usatoday.com/money/autos/2011-04-25-Toyota.htm 
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1.3 Government Policy 
	

To deliver the hybrid vehicles at a more affordable price to the customers, the U.S. federal, 

state and local governments subsidize these cars for those who buy a new hybrid vehicle. The 

initial offering was a $2,000 tax deduction starting in 2000 for Honda Insight purchases. In later 

years, the Internal Revenue Service provided tax deductions for newly-introduced models. 

Furthermore, these deductions were transformed into a tax credit under the Energy Policy Act of 

2005. Depending on the model, its emissions and fuel economy, the tax credit awards as high as 

$3,400, Prius being eligible for the highest amount, or as low as $650, for models such as Honda 

Accord. A consumer is only eligible to claim the full amount until the model has sold 60,000 units. 

Once the quota has been met, the credit reduces to 50% for the next two quarters, then to 25% for 

the following quarters and eventually expires.  

In addition to federal incentives, some states and local governments provide a variety of 

monetary and non-monetary stimuli to promote the HEV sales. During 2000 to 2006, twelve states; 

such as South Carolina, West Virginia, and Connecticut, offered either income tax credits, a sales 

tax waiver, or a rebate on hybrid purchases. Other states allow HEV drivers to access HOV (high-

occupancy vehicle) lanes. For example, beginning in 2005, California granted permits to hybrid 

models that met the minimum emissions and miles per gallon (at least 45 mpg) to travel in the 

HOV lanes. On top of what was mentioned, some corporations trusted the hybrid technology and 

provided generous incentives to push the HEV adoption furthermore. These companies include 

but not limited to Timberland, Google, and Bank of America which awarded hybrid buyers up to 

$5,000 in rebates.   

Most recently, the government granted an incentive program called Car Allowance Rebate 

System, also known as Cash for Clunkers. As part of the program, customers are eligible for tax 
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credit of either $3,500 or $4,500 to trade in their less efficient cars for a vehicle of higher fuel-

efficiency, which included some of the hybrid models. The program was effective from July to 

August of 2009. Although not significantly affective, the program certainly contributed to the rise 

of HEV penetration.  

1.4 Statement of the Problem 
	

Although it’s been over a decade since these cars have been introduced, their market share 

has not increased significantly over the years, even with financial incentives available, and there 

has been little study done to analyze such phenomenon. Most of the studies have focused on the 

first generation of HEV models (e.g. Toyota Prius and Honda Insight) and analyzed the 

determinants of HEV adoption. The objective of this research is to investigate the determinants of 

failures in HEVs adoption and explore why the market share has not exceeded beyond 5%. In 

particular, this study focuses on identifying the factors that cast these cars unappealing to 

customers. This matter is important for at least two reasons. Firstly, industry practitioners spend 

tremendous amount of money to produce these cars. In fact, Prius was sold at a loss for Toyota 

when it was introduced and was not profitable until a year after. Examining the importance and 

the magnitude of vehicle attributes absent from external drivers is crucial in understanding the 

penetration of hybrid market. If there lies a vehicle attribute that is highly desired by car 

purchasers, it’s important to identify whether a hybrid vehicle lacks the given characteristics. If 

feasible, car manufacturers can adjust their vehicle production to meet these preferences. 

Secondly, understanding the HEV market has great policy implications. As mentioned 

above, policy makers in the US have employed several mechanisms to promote the adoption of 

HEVs and many existing literatures examine the efficacy of these policies. As those studies explain 

the success of the subsidies, it is important to explore the failures in the market from a different 
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perspective for policy purposes. Therefore, understanding consumer preference can develop more 

effective policies. 

To accomplish this, I use the Berry logit framework to regress the number of new vehicles 

sold on an array of explanatory variables. These explanatory variables are intrinsic product 

attributes such as fuel efficiency, horsepower and vehicle type along with external influences, such 

as vehicle depreciation, reliability, and government incentives. 

Even though the factors affecting the decision to purchase a hybrid over a conventional 

gas-powered vehicle are controversial, this paper aims to present results from the demand 

estimation to offer some insights into the extent to which attributes of hybrids will be able to or 

fail to lure consumers away from conventional gas-powered vehicles in the overall market. 

The analysis shows that the primary determinants of demand for vehicles are quite similar 

between the overall market and the hybrid market with slight difference on the magnitude of 

significance. More particularly, hybrid buyers tend to be less price sensitive compared to the gas-

powered buyers. They also have strong inclination for fuel efficiency. However, this preference is 

typically overshadowed by stronger desire for size, horsepower and weight which are negatively 

correlated to a vehicle’s fuel economy. Other factors such as government incentives and 

environmentalism increase the rate of adoption but they appear to not outweigh the effects of 

attributes of a vehicle itself.  

1.5 Organization of Thesis 
	

The rest of the paper is organized as follows. Section II surveys the existing economic 

literature on hybrid-electric vehicles and consumer preference for fuel efficiency. Section III 

covers data description and presents summary statistics for the explanatory variables. Section IV 

describes the empirical framework used to construct the analysis. Section V outlines the study’s 
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findings. Section VI explores marketing and policy implications, as well as suggestions for further 

research. 
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CHAPTER II 
 

LITERATURE REVIEW 
 

The electric hybrid technology is relatively recent which proposes challenges for scholars 

to thoroughly study them. Unfortunately, due to shortage of data, the existing literature is limited. 

However, given the limitations, there has been studies conducted to investigate the role of hybrid 

cars in the auto industry that provide valuable insights. This study contributes to different strands 

of literature.  

First, this paper adds to the existing literature on consumer demand for hybrid-electric 

vehicle. These studies mainly focus on the effectiveness of incentives, policies, and monetary 

components on demand. Gallagher and Muehlegger (2008) examine the role that state and federal 

incentives, gas prices, and consumer preferences have on hybrid adoption. All three had positive 

effects, but the magnitude was largest for gas prices and consumer preferences. In addition, HOV 

lane access produces insignificant result. In a similar study, Beresteanu and Li (2011) estimate a 

BLP-style structural model of automobile purchases and assess the role played by gasoline prices 

and tax incentives in explaining hybrid demand. They conclude that the hybrid vehicle sales in 

2006 would have been 37% lower under the assumption of gasoline prices staying at the 1999 

levels, and the effect of the federal income tax credit program is estimated to be 20% in 2006. 

Sallee (2008) studies tax credits for Prius and shows that consumers capture the significant 

majority of the benefit from tax subsidies. 

Others seek to predict consumer behavior by evaluating the true value of hybrids; that is, 

whether the benefits of lower emissions and increased fuel economy offset the costs of raised 

sticker prices and increased technological complexity. Lave and MacLean (2002) address this by 
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comparing the lifetime costs of Toyota Prius, to Toyota Corolla which is its closest gas-powered 

counterpart. They estimate that gasoline prices would have to rise to three times the current value 

($1.50 per gallon) in order for the savings in gasoline expenditures to offset the purchase price 

premium of the Prius. Liu’s (2014) estimations for consumer’s willingness to pay for a hybrid 

vehicle ranges from $963 - $1,718 compared with an average price premium of $5,390 of hybrids 

(accounting for fuel cost savings). She concludes consumers' valuation of the hybrid feature is still 

not high enough to compensate for the high price premiums. However, recent advancements in 

hybrid technology combined with the rapid rise of gas prices have narrowed the gap between the 

savings and purchase premium associated with hybrids. 

Some researchers tackle the question from the environmental perspective. Kahn (2007) 

uses data from California and finds that environmentalists, as represented by a community's share 

of Green Party voters, are more likely to drive hybrids along with stronger desire to commute via 

public transportation. Steven and Alison Sexton (2011) test for the presence of a conspicuous 

conservation effect in vehicle purchase decisions and estimate the willingness to pay for the “green 

halo” generated by signaling green type with a Prius purchase. They conclude that this effect is 

statistically significant and depending on their location, consumers are willing to pay up to several 

thousand dollars to signal their environmental bona fides through their car choices.  

This paper also contributes to the rich literature of technology diffusion, specifically 

diffusion of alternative fuel technologies; such as electric vehicles (EV) and plug-in hybrid electric 

vehicles (PHEV). Goolsbee and Klenow (2002) study the diffusion of home computers and 

emphasize learning plays an important role in new technology diffusion. Regarding the hybrid 

cars, Heutel and Muehlegger (2014) argue lower quality technology discourages future adoption. 

They use the case of Hondo Insight and Toyota Prius which the first-generation of Insight is 
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perceived to be of lower quality than the first-generation of Prius and find states with a relatively 

high Prius market share observe faster penetration than locations with higher Insight share. It has 

been proven that neighboring effect plays a dominant role in the HEV penetration. Zhu and Liu’s 

(2013) findings indicate that potential buyers are more likely to purchase HEVs when HEV 

exposure is high in the surrounding areas. Li et al. (2016) tackle the indirect network effect for the 

electric vehicle market (EV demand versus charging station deployment) and demonstrates the 

existing of the effect on both sides of the market with those on the EV demand side being stronger.  

It has also been argued whether car buyers are myopic about future fuel costs. So far, there 

has been mixed conclusions. Greene (2010) conducts his research on 25 studies. Out of 25, 12 

suggest consumers undervalue gas costs relative to purchase prices, 5 suggest consumers overvalue 

gas costs and 8 suggest the consumer correctly evaluates the tradeoff. Busse, Knittel and 

Zettelmeyer (2013) find little evidence of consumer myopia among buyers of new and used cars. 

In addition, Puller (2015) analyzes consumer inertia in the residential electricity market. He finds 

that households rarely search for alternative retailers, and when they do search, households attach 

a brand advantage to the incumbent. 

HEV presence in the Non-American markets have been of an interest to scholars. Chandra 

et al. (2010) study the effect of the tax rebate on HEV sales in Canadian provinces. They found 

that a $1,000 increase in the provincial sales tax rebate increases the market share of hybrid cars 

by 31%~38%, and 26% of all HEVs sold during the rebate programs could be attributed to the 

rebates. Therefore, increased market share of HEVs crowded out some intermediate cars as well 

as intermediate SUVs and other high-performance compact cars. In another Canadian study, 

Potoglou and Kanaroglou (2007) demonstrate that reduced monetary costs, purchase tax relieves 

and low emissions rates would encourage households to adopt a cleaner vehicle. On the other hand, 
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incentives such as free parking and permission to drive on high occupancy vehicle lanes were not 

significant. Furthermore, limited fuel availability is a concern when households considered the 

adoption of an alternative fueled vehicle. Caulfield et al. (2010) survey the Irish market and 

conclude the most rated vehicle attributes are reliability, automobile safety, fuel costs, and the cost 

price. The majority of respondents agreed that HEVs and AFVs are better for the environment, 

cheaper to run than conventional vehicles and would be the vehicle of choice in ten years time. 

Ozaki and Sevastyanova (2010) survey 1,263 UK residents and show the financial benefits related 

to transport policy are an important factor in consumer hybrid purchase motivations, and social 

norms and consumers’ willingness to comply with the norms of their groups influence the purchase 

decision. They also find that various meanings are attached to hybrid vehicle ownership, and 

practical, experiential and affective values need to be communicated to consumers in terms of 

value added. Haan et al. (2005) investigate the “rebound-effect” associated with purchase of HEVs 

in the Swiss auto market. The effect is examined in two categories: (1) people might switch from 

small and/or already fuel-efficient cars to the new hybrid car, and (2) the average vehicle 

ownership could increase, if the hybrid car is not replaced with an already owned vehicle. The 

results suggest that neither of the two rebound effects could be found. 



20 
	

 

CHAPTER III 
 

DATA DESCRIPTION 
 
3.1 Data Sources and Descriptive 

	
The data for this study is monthly total new car and light-truck sold in the United States. 

The main dataset is comprised of three sources. The large portion of vehicle sales were obtained 

from the Automotive News Data Center and covers January 1996 to December 2012. The data is 

broken sales down by fuel type. The second portion was also obtained from the same source which 

includes vehicle characteristics such as fuel efficiency (MPG), market suggested retail price 

(MSRP), horsepower, size, weight and etc. To assure the dataset is comprehensive, HEV sales data 

were separately collected from Hybridcars.com and Automotive news’ Market Data books and 

merged with the former dataset. 

Below is the descriptive statistics of all observations: 

Table 1. Vehicle sales by fuel type 

Fuel Frequency Percent 
Gas 44,532 95.67% 
Hybrid 1,801 3.87% 
Plug-in Hybrid 36 0.08% 
Electric 180 0.39% 
Total 46,549 100% 

 
The majority of the data is consistent of conventional gas-powered vehicle sales. This is 

no surprise since they are currently the dominant technology in terms of popularity. Plug-in hybrids 

and electric account for the smallest portion since they are the newest technology currently 

available on the market. HEVs account for approximately 4% which is close to their average 

market share over the study period. 
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Table 2 further breaks down the data by separating vehicle sales by fuel type and car 

segments. 

Table 2. Vehicle sales by fuel type and segment 

  Fuel Total   Electric Gas Hybrid Plug-in Hybrid 

V
eh

ic
le

 
Ty

pe
 Car 168 25,200 1,021 36 26,425 

SUV 12 13,320 672 0 14,004 
Minivan 0 3,132 0 0 3,132 
Pick-up 0 2,880 108 0 2,988 

 Total 180 44,532 1,801 36 46,549 
 
 Table 3 presents the dataset by country of origin. American and Japanese brands are 

amongst the mostly desired vehicles. German cars come in third in terms of popularity. Given the 

affordability of Japanese and American cars, it is expected for them to be more popular than 

German cars that generally tend to be more expensive (e.g. BMW, Mercedes Benz,..) 

Table 3. Vehicle sales by country of origin 

Country Frequency Percent 
Germany 6,516 14.00% 
Italy 12 0.03% 
Japan 15,973 34.31% 
South Korea 2,424 5.21% 
Sweden 1,548 3.33% 
United Kingdom 1,416 3.04% 
United States 18,660 40.09% 
Total 46,549 100% 

 
Table below shows the progression in HEV penetration in the US market starting from 

their introduction until the end of the study period, 2012. The first models that were introduced are 

Toyota Prius and Hondo Insight. Later in 2004, the US joined the competition and Ford introduced 

its first hybrid model. As the table shows, more and more models have entered the market as years 

pass and the rate of penetration steadily rose yet remained slow. In 2009, there is a slight drop in 

their adoption. This is mainly due to the recession and the decrease in car sales overall as well as 

the Japanese tsunami that affected Toyota’s exports.  
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Table 4. History of Hybrids in the U.S. auto market (2000 – 2012) 

Year # of HEV Models HEV Sales Total Sales HEV% Gas $ 
2000 2 9,350 16.1 mil 0.06% 1.52 
2001 2 20,282 16.0 mil 0.13% 1.47 
2002 2 22,335 15.8 mil 0.14% 1.38 
2003 3 47,566 15.7 mil 0.30% 1.6 
2004 3 80,145 16.1 mil 0.50% 1.89 
2005 6 172,579 16.0 mil 1.08% 2.31 
2006 8 229,925 15.6 mil 1.47% 2.62 
2007 11 340,529 15.0 mil 2.27% 2.85 
2008 16 311,715 12.3 mil 2.53% 3.31 
2009 20 242,897 9.6 mil 2.51% 2.4 
2010 23 276,166 10.8 mil 2.56% 2.83 
2011 25 275,627 12.0 mil 2.30% 3.58 
2012 30 376,927 13.4 mil 2.81% 3.68 

 
The same data is presented graphically below. Additionally, the graph includes the market 

share of Prius, Civic, and Insight which have been the 3 most popular models. Prius accounts for 

almost 60% in 2000 and 50% in 2012. Civic accounts for 49% in its introduction year (2003) but 

declines to 2% in 2012. Insight starts out strong with 41% of the market share in 2000; however, 

the market share drastically fell to 2% in 2012 while losing the market completely between 2007 

and 2010. As Insight was the first-generation and believed to be of lower quality compared to the 

first generation Prius (which was the second model on the market), and as Heutel and Muehlegger 

(2014) show, the lower quality technology hurt Insight’s market share and discouraged consumers 

from purchasing this model.  
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Figure 3. HEV market share in the US (2000-2012) 

 
3.2 Explanatory Variables 
	

The following tables report descriptive statistics for relevant vehicle attributes, first among 

non-hybrid models, and then only hybrids.  
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Table 5. Summary statistics for product attributes, all cars 

Attribute (non-HEV) Mean Std. Dev. Min Max 
Horsepower 225 77 63 600 
MPG (combined) 22 5 12 114 
Size 13,699 1,836 6,515 20,448 
Weight 3,780 880 1,598 7,386 
MSRP $33,741 $19,247 $8,843 $147,675 
Torque 240 82 68 580 

 
Table 6. Summary statistics for product attributes, hybrids only 

Attribute (HEV) Mean Std. Dev. Min Max 
Horsepower 198 99 66 400 
MPG (combined) 34 12 18 65 
Size 13,555 1,858 10,345 18,400 
Weight 3,978 1,094 1,847 6,000 
MSRP $38,625 $20,060 $18,880 $113,125 
Torque 201 108 65.5 450 

 
Overall, the hybrid market is more fuel efficient (34 versus 22) and are more expensive. 

In order to achieve this level of efficiency, the models must be smaller. Therefore, as we can see, 

on average, hybrids are smaller in size and also have less power, horsepower and torque. The 

following four tables only focus on specific models with their gasoline counterparts. Similar to 

the overall market, the hybrid models are more expensive than their gasoline counterpart, more 

fuel efficient, less powerful. Besides Prius that doesn’t have an identical gasoline version, the 

other hybrid models tend to be slightly bigger than their counterpart, perhaps to accommodate 

the battery. However, this differentiation is not important to the customers as physically they 

look the same and the difference it not visible to the eye. For more models, refer to the 

Appendices section of the paper.
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Table 7. Summary statistics for product attributes, Prius 

Attribute Mean Std. Dev. Min Max 
Horsepower 80 12 70 98 
MPG (combined) 51 3 47 56 
Size 11,779 309 11,312 12,119 
Weight 2,916 121 2,765 3,165 
MSRP $23,605 $4,172 $20,450 $36,523 
Torque 89 10 82 105 

 
Table 8. Summary statistics for product attributes, Corolla 

Attribute Mean Std. Dev. Min Max 
Horsepower 126 10 102 140 
MPG (combined) 33 2 29 36 
Size 11,878 362 11,404 12,476 
Weight 2,542 146 2,359 2,780 
MSRP $15,360 $1,543 $13,395 $18,103 
Torque 125 5 109 132 

 
Table 9. Summary statistics for product attributes, Civic (hybrid) 

Attribute Mean Std. Dev. Min Max 
Horsepower 103 12 85 110 
MPG (combined) 46 3 41 50 
Size 12,099 181 11,799 12,234 
Weight 2,819 81 2,697 2,877 
MSRP $22,897 $1,679 $20,510 $24,820 
Torque 113 17 87 127 

 
Table 10. Summary statistics for product attributes, Civic (gasoline) 

Attribute Mean Std. Dev. Min Max 
Horsepower 131 15 113 150 
MPG (combined) 33 2 29 36 
Size 11,799 335 11,131 12,182 
Weight 2,567 156 2,339 2,754 
MSRP $16,896 $2,460 $13,888 $20,875 
Torque 141 6 138 156 

 

MPG is the combined fuel-efficiency based on official EPA’s standard formula for 

combining city and highway mileage: MPGcombined = (0.55)(MPGcity) + (0.45)(MPGhighway). Size 
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represents an approximate cross-sectional area of the vehicle and is defined as length multiplied 

by width. Weight is the vehicle’s curb weight, i.e. the weight of the vehicle when completely 

empty, measured in pounds. MSRP is the manufacturer’s suggested retail price for the base model 

or trim. Torque refers to pivoting force or in the other words, the amount of turning force applied 

to move one pound for a distance of one foot around an axis at a radius of one foot. “Luxury cars”, 

meaning cars with MSRP greater than $150,000, are considered outliers and were excluded from 

these statistics and the final dataset as well. 

Additionally, socioeconomic variables were added to explain the drivers behind a 

customer’s choice. The following table provides descriptive statistics for these explanatory 

variables. 

Table 11. Summary statistics for socioeconomic variables 

Variable  Mean Std. Dev. Min Max 
Gas price (2012$) $2.57 $0.78 $1.35 $4.36 
Household Income (2012$) $73,749 $2,040 $68,468 $78,013 
Distance (in mil adjusted for population) 238,048 24,653  0 271,105 
Sales weighted average $ $28,584 $1,812 $25,111 $32,612 

 
Monthly regular retail gasoline prices are taken from the Energy Information 

Administration (EIA). All prices are adjusted to year 2012 USD. Historical mean household 

income data in the U.S. were obtained from the United States Census Bureau’s website. All income 

values are adjusted to year 2012 USD. Moreover, the U.S. Department of Transportation has a 

database for aggregated distance traveled and updates the data on a monthly basis. The distance 

traveled was adjusted for population (16 years old and older) for a better perception of change in 

driving routines. The mentioned data is also presented graphically and can be found in the 

Appendices.  
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The first figure shows the trend of national average for gas prices over the study period. 

Values are adjusted for inflation and converted to 2012 USD. The trend has been generally upward 

except starting in 2008 when the effects of recession become apparent. 

The next figure portrays the trend in average mean income in America. The overall state 

has been pretty steady over the years. The two fluctuations in the late 90s and 2006 is most likely 

to political atmosphere. However, it seems in the most recent years the mean income has been 

slightly declining which is a critical element for vehicle purchase and vehicle choice.   

From the third figure, we can see overall the distance the American drivers commute have 

not increased. This is especially important since the biggest advantage the HEVs offer is their fuel 

efficiency and their ability to reduce vehicle operating costs. Distance traveled is a factor that can 

incentivize potential buyers to invest in an HEV versus a conventional powered vehicle yet the 

need for fuel efficiency due to longer commutes is not apparent from this graph. 

Lastly, we can see the average price a customer spends on a hybrid vehicle falls between 

$25,000 and $30,000. There is a spike in price in 2009. This corresponds to the rise in gas prices 

after the drop in 2008 due to recession. As Miller and Langer (2008) denote, more fuel efficient 

cars become more valuable as the cost of operating them increases while the price of inefficient 

vehicles decline. This is an interesting complication since higher gas prices should divert potential 

buyers’ attention to fuel efficient cars; however, higher price tags can repel these buyers. 

Additional appropriate variables were considered to strengthen the model. Firstly, tax 

rebates are essential to include since they are designed to increase HEV sales. The US Department 

of Energy provides detailed information regarding federal tax rebates for selected models at 

http://fueleconomy.gov. The level of a tax rebate varies by the type of model and the number of 

cars sold. Once a model has sold over 60,000 units, the rebate is cut down to 50% of the original 
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value, and then to 25% of the initial value before being completely phased out. This complicates 

the inclusion of federal tax rebates in my model, as it is not apparent in my data when the quota 

was met. For example, the Toyota hybrids were eligible for the full rebate until October 1st 2006, 

and then only half the rebate for the rest of the year. However, it is not obvious from the data 

whether the number of Toyotas sold reached 60,000 before the cutoff time. Given my data is 

monthly, I was able to capture part of this policy and reduced the rebate value by 50% after October 

2006. Another complication is including state-level incentives (such as state-level tax rebates or 

HOV access privilege) as my dataset is aggregated sales and not geographically detailed. 

Therefore, only federal rebates were added. All rebate values are adjusted to year 2012 USD. 

Dummies are created to indicate warranty eligibility by model. Hybrid models offer longer 

warranty, both mileage and time based. Car manufacturers offer warranty for ownership of 8 years 

and/or 100,000 miles versus gasoline cars are only warranted for 3-5 years and/or up to 60,000 

miles. Supplementary to this extended benefit, if an HEV is purchased in a state that follows CARB 

emission standards, currently there are 14 states that do, the owner receives even longer warranty. 

Since this study is not geographically specified, I neglect to include these additional terms. 

Therefore, my model follows the same warranty specification for all hybrid models regardless of 

the location.  

Another factor that affects a customer’s vehicle choice is vehicle depreciation. It is 

important how much a vehicle retains its value after years of ownership. This is especially a 

concern when a new technology is being evaluated. I, therefore, include a separate variable which 

indicates the percentage of a vehicle’s purchase price lost after 24, 36, 48 and 60 months. The data 

was purchased from the Kelly Blue Book: Residual Value Guide and contains the residual 

percentages for 24, 36, 48 and 60 months of ownership for models available from 2011 to 2012. 
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Surely, residual percentages decrease as the length of a lease, called the lease term, increases. This 

is because the older a vehicle gets, the less it’s worth. Due to financial restrictions, I was not able 

to include a more comprehensive dataset that covers from 2000 until 2012. However, looking at 

the table below, we can see the difference in value retention does not vary significantly between 

conventional gas-powered vehicles and their hybrid counterparts. This alleviates the concern for a 

more comprehensive dataset as vehicle depreciation seems to not be prominent. 

Table 12. Vehicle depreciation percentage for selected models 

Brand Model Fuel Price (2011) 36 Months 60 Months 
Toyota Corolla Gas $17,750 - 40%* 

Toyota Prius Hybrid $25,544 52% 36% 
Toyota 
Toyota 

Camry 
Camry 

Gas $25,054 50% 37% 
Hybrid $27,355 46% 35% 

Honda 
Honda 

Civic 
Civic 

Gas $20,354 55% 41% 
Hybrid $24,700 52% 38% 

Honda Accord Gas $26,555 49% 35% 
Hyundai Sonata Gas $24,467 47% 34% 

*Note: Value for Toyota Corolla were missing from the guidebook and were directly obtained from kbb.com. 
 

Two additional dummy variables were generated to include recalls and defects data. 

Number of recalls or defects a model has is a signal to a potential buyer how reliable the car is. 

Since hybrid cars run on a new technology, many are suspicious of their reliability; therefore, it’s 

crucial to accommodate this data. I collected the recall and defects data from National Highway 

Traffic Safety Administration’s office of Defects Investigation database and it encompasses 

observations as early as 1950s to present. According to the website, there is a slight difference 

between whether a car was reported to have a defect or it was recalled. A defect includes any defect 

in performance, construction, a component, or material of a motor vehicle or motor vehicle 

equipment and is not a major hazard while a recall is issued when a manufacturer or NHTSA 

determines that a vehicle, equipment, car seat, or tire creates an unreasonable safety risk or fails to 

meet minimum safety standards. Given the data, the Prius has had the highest number of recalls. 
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Of course, this is mainly due to their popularity. However, it’s not an enticing feature for a model 

to have as it sends a bad reputation for the hybrid technology in general. Especially, when one of 

the major recalls was regarding brake malfunctioning. This not only create a hazardous 

environment to drive, but also establish a mistrust regarding the battery technology and how 

dependable it is. 

It is important to note that only including the raw data as a dummy, creates a simultaneously 

problem where models with higher recalls/defects tend to have higher sales. However, this directly 

does not translate the reliability as the more popular a model is, more dysfunctions are possible to 

be detected. To address this problem, I transformed the data into a cumulative variable and 

normalized the data by dividing the value for model i in time t by the total market share of its 

respective brand.  

Finally, as defined in existing literature, I introduced Dollar per Mile and 

Horsepower/Weight in the demand function. Dollar per mile is the gasoline price divided by the 

MPG of product i which captures the fuel cost per mile for a vehicle. In addition, in order to isolate 

a vehicle’s power from its size, horsepower is divided by curb weight. Table 13 reports descriptive 

statistics for the mentioned variables. 

Table 13. Summary statistics for DPM and HH/Weight 

Attribute Mean Std. Dev. Min Max 
$ per Mile $0.140 $0.055 $0.0135 $0.379 
Horsepower/Weight 0.059 0.016 0.018 0.176 
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CHAPTER IV 
 

METHODOLOGY 
4.1 Empirical Framework 
	

In constructing empirical methodology, the best available specification is the Berry logit 

(Berry, 1994) model which has proven to suit the auto market well. This model has three important 

strengths that are highly relevant to my model: 1) it estimates differentiated product demand 

systems with aggregated data, 2) it captures heterogeneity by using discrete choice models, and 3) 

it accounts for unobservables that affect consumer choice (endogeneity). Since the automobile 

market is heterogeneous and prices of models are endogenous, this model approach is optimal.  

BLP is often used to describe discrete consumer choice and it includes both demand and 

supply sides. Vehicle demand is derived from a discrete choice model whereas the supply equation 

assumes production costs and price competition. In this type of model, consumer i faces a choice 

among j alternatives. Depending on their choice, consumer i receives a level of utility. 

To estimate the relationship between vehicle sales and fuel efficiency, vehicle attributes, 

and federal incentives, the linear logit model is applied to investigate the choice of a HEV against 

an alternative choice (e.g. gasoline). The dependent variable is the natural log of market share of 

model i in time t. This is regressed on car attributes, warranty, number of defects and recalls and 

model-based tax incentives are all denoted by (𝑋$,&). The model also includes year-month fixed 

effects (T), brand fixed effects (ς() and 𝜀$,& represents an error term. The main specification is thus 
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  𝐿𝑜𝑔 𝑀𝑎𝑟𝑘𝑒𝑡	𝑠ℎ𝑎𝑟𝑒$,& = 𝛼 + 𝛽 ln 𝑝$& + 𝛾 𝑋$,& + 𝑇 + 𝜉$& + ς( + 𝜀$,&         (1) 
 
Xit = vector of observed characteristics of product i in time t 
Pit = price of product i in time t 
𝜉$& = unobserved characteristic of product i in time t 
T   = year and month fixed effects 
ς$  = brand fixed effects  
 
The year fixed effect controls for any variations among years such as political atmosphere 

of a given year, recessions, etc. The month fixed effect controls for the fact that a specific month 

affect the outcome such as seasonality and holiday deals. An increase in vehicle sales may be due 

to a holiday promotion versus that model’s popularity. In addition, the brand fixed effects help 

account for the general word of mouth concerning automobiles from that brand.  

4.2 Endogeneity of Price 
	

 Estimates obtained from pooled OLS are likely biased. As it has been noted in many 

previous literature, price is prone to endogeneity since price of a car is likely to be correlated with 

its unobserved characteristics. To remedy this issue, instrumental variables are introduced. An 

acceptable instrument should affect the price of model i in time t without being correlated with 

any unobserved product attributes. In addition, the instrumental variable should not be correlated 

with the unobserved product characteristics in the demand equation. Berry et al. (1995) argue that 

the optimal instruments will distinguish between the characteristics of product j against the 

characteristics of products produced by rival firms or alternative options. The advantage of this 

approach is that since this instrument structure is based on rival attributes, it is not correlated with 

unobserved product characteristics in the demand equation.  

First, I construct the supply-side equation to eliminate the biasness from price. The cost 

function is composed as follows: 

                                                      𝐿𝑜𝑔 𝑃𝑟𝑖𝑐𝑒$,& = 𝛼 + 𝜆 𝑤$,& + 𝜔$,&                                    (2) 
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As noted in the “Berry specification” (1995) the supply and demand unobservable 

characteristics are mean independent of both observed product characteristics and cost shifters. In 

mathematical terms, given	𝑧( = [𝑋(, 𝑤(], then 

                                                   𝐸 𝜉( 𝑧 = 𝐸 𝜔( 𝑧 = 0                                               (3) 
 

By this assumption we can show the instruments are exogenous. 

When a consumer makes a decision whether to buy a fuel efficient option or an alternative 

gasoline vehicle, the consumer compares expected fuel cost savings from the fuel efficient HEV 

technology with higher purchase price; therefore, it’s important to include this attribute in the 

demand equation. In order to include fuel efficiency in the demand equation, Berry incorporates a 

new variable, miles per dollar, (which is the inverse of gas price over MPG) in the demand equation 

rather than miles per gallon. This method allows the authors to accommodate MPG in the supply 

side, as increased fuel-efficiency is expensive for the manufacturers to produce.  

I divide the gasoline price by each vehicle’s miles per gallon (combined) for each year. 

Therefore, neither gas prices nor MPG will enter the demand equation; instead, they will be 

coupled into a new variable, Dollars per Mile. Further, I will use MPG in the supply-side equation. 

Furthermore, for each of a vehicle attribute that affect the price, I include them as a potential 

instrument. For example, if one of the characteristics is the size of model i, then the instrument 

vector for that product includes the sum of the size of the rival products (within and outside the 

given firm) excluding the size of model i. Initially, Pi,t will be regressed on these instruments. Once 

the biasness has been cleared, Pi,t will enter the demand equation. In other words, the Berry design 

becomes a standard 2SLS regression. 
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CHAPTER V 
 

RESULTS 
5.1 OLS Results 
	

In this section, I will report the estimations for the linear logit specification. They are 

obtained from an ordinary least squares (OLS) regression of ln(sj) – ln(s0) on product 

characteristics and price. The list of attributes to include follows what has been used in the existing 

literature. Included characteristics are the ration of horsepower to weight, dollar per mile, size, and 

vehicle type. In addition, external influences were included in the regression as well. These 

variables are financial incentives, recalls and defects, and warranty. In the table below, the 

estimations for the OLS are presented.  
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Table 14. OLS estimations for all models 

 (1) (2) 
Log(market share) OLS OLS 
Log(price) -1.8612*** -1.4482*** 
 (0.0324) (0.0412) 
Price*Hybrid 0.1978*** 0.0952*** 
 (0.0159) (0.0307) 
$ per Mile -1.5365*** -1.5416*** 
 (0.0610) (0.0772) 
Horsepower/Weight -0.1529*** -0.3463*** 
 (0.0411) (0.0498) 
Size 5.0510*** 5.5104*** 
 (0.0681) (0.0955) 
Car 0.2741*** 0.5324*** 
 (0.0293) (0.0419) 
SUV 0.5899*** 0.5478*** 
 (0.0254) (0.0349) 
Van -0.0385 -0.1594*** 
 (0.0295) (0.0495) 
Incentives 0.0002*** 0.0001*** 
 (0.0000) (0.0000) 
Recalls (normalized) -9.2682*** -29.6088*** 
 (0.6161) (6.7382) 
Warranty (below 7 yrs) 4.7169*** 3.8629*** 
 (0.1798) (0.3379) 
24 months  -1.0539* 
  (0.6345) 
60 months  -4.6550*** 
  (0.8662) 
Year and Month FE Yes Yes 
Brand FE Yes Yes 
Observations 44676 17621 
R-squared 0.5130 0.6586 

Note: HP/Weight, Size, and DPM enter the demand equation in levels 
 

All coefficients show expected sign and are similar to Berry’s in magnitude and 

significance. Price has negative sign and significant. This is expected as the higher the price of a 

product is, there is less demand for that product. Dollar per mile is another significant variable 

where the costlier it is to travel an additional mile, the less desirable the vehicle is. 

Horsepower/Weight shows negative sign as was previously in the OLS estimations in the existing 
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papers e.g. Berry (1995). Size generates a positive and significant coefficient meaning the larger 

vehicles in higher demand. After normalizing the recalls data based on brand market share, we see 

a negative sign which is intuitive. Higher recalls casts doubt on the product’s reliability and 

negatively signals the customers. Estimation on defects is not included as the results are not 

significant. Depreciation negatively impacts car sales and is significant for 24 months and 60 

months of ownership. The results are not surprising as car owners either lease their vehicle (2-

year-lease) or tend to keep the ownership for five years on average. Incentives show a positive and 

significant effect but is very small in magnitude. The coefficient on price of hybrid vehicles raises 

eyebrows as it is not intuitive to observe a positive relationship between price and vehicle sales. 

However, as I include the depreciation specification, the coefficient reduces and moves closer to 

zero. The overall outcome of OLS makes a better sense in the second column as the coefficients 

are closer to what has been shown in previous literatures.  

5.2 2SLS Results 
	

To capture price’s endogeneity, I introduce two sets of instruments as discussed in section 

IV. The following tables report the estimations for the first stage of 2SLS regression as well as the 

F statistics. IV1s are constructed by separating modeli from the whole market as an outside good 

in a given month and IV2s refer to a set of instruments within modeli’s firm.  
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Table 15. Two Stage Least Squares for all models, First Stage 

 (1) (2) 
Log(price) 2SLS 2SLS 
Log(MPG_IV1) -78.54442*** -91.3396*** 
 (2.3595) (-2.9138) 
Log(HP/WT_IV1) -211.3384*** -228.7441*** 
 (2.6283) (-3.8322) 
Log(WT_IV1) -160.3507*** -202.6535*** 
 (1.4718) (-1.8345) 
Log(MPG_IV2) 0.0762*** 0.0663*** 
 (0.0046) (-0.0063) 
Log(HP/WT_IV2) -0.0759*** -0.0899*** 
 (0.0048) (-0.0066) 
FWD -0.0219*** -0.0744 
 (0.0026) (0.0040) 
Price*Hybrid -0.0291*** 0.0126*** 
 (0.0023) (0.0046) 
$ per Mile 0.8537*** 0.7237*** 
 (0.0173) (0.0220) 
Horsepower/Weight -0.2648*** -0.3274*** 
 (0.0142) (0.0198) 
Size 0.0976*** 0.0391*** 
 (0.0100) (0.0148) 
Car 0.2132*** 0.1754*** 
 (0.0038) (0.0064) 
SUV 0.1775*** 0.1884*** 
 (0.0032) (0.0045) 
Van 0.1723*** 0.1123*** 
 (0.0040) (0.0077) 
Incentives 0.0000*** 0.0000*** 
 (0.0000) (0.0000) 
Recalls (normalized) 0.052 -0.1534 
 (0.0801) (0.9674) 
Warranty (below 7 yrs) -0.6987*** -0.1673*** 
 (0.0249) (0.0498) 
24 months  0.5989*** 
  (0.0908) 
60 months  -2.1903*** 
  (0.1241) 
Year and Month FE Yes Yes 
Brand FE Yes Yes 
F statistics 190,000,000 110,000,000 
Observations 44,160 17,479 
R-squared 0.9117 0.9446 

Note: HP/Weight, Size, and DPM enter the demand equation in levels 
 



	

38	
	

 
 

The two tables below report estimates for the second stage of 2SLS regression. 
 

Table 16. Two Stage Least Squares for all models, Second Stage 

 (1) (2) 
Log(market share) 2SLS 2SLS 
Log(price) -1.9227*** -2.2097*** 
 (0.0662) (0.0657) 
Price*Hybrid 0.1890*** 0.0093 
 (0.0173) (0.0314) 
$ per Mile -1.4959*** -0.9875*** 
 (0.0829) (0.0868) 
Horsepower/Weight -0.0985* 0.1652*** 
 (0.0566) (0.0602) 
Size 5.1172*** 6.0844*** 
 (0.0755) (0.1024) 
Car 0.2991*** 0.6642*** 
 (0.0327) (0.0429) 
SUV 0.6185*** 0.7427*** 
 (0.0290) (0.0372) 
Van -0.0016 -0.0470 
 (0.0324) (0.0501) 
Incentives 0.0002*** 0.0001*** 
 (0.0000) (0.0000) 
Recalls (normalized) -8.8186*** -32.1518*** 
 (0.6223) (6.7603) 
Warranty (below 7 yrs) 4.5872*** 2.4369*** 
 (0.2121) (0.3523) 
24 months  -1.3913** 
  (0.6364) 
60 months  -6.3136*** 
  (0.8758) 
Year and Month FE Yes Yes 
Brand FE Yes Yes 
Observations 44,160 17479 
R-squared 0.5133 0.6532 

Note: HP/Weight, Size, and DPM enter the demand equation in levels 
  
Since price faces an upward bias, the coefficient on price becomes more negative, meaning 

moving further away from zero, and significant. This result proves the importance of correcting 

for the endogeneity of price. The coefficient on price means a 1% increase in prices results in 
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reduction of market share by 2.2%. Dollar per mile remains negative but descend in magnitude. 

This is encouraging since this variable is important to appear significant. Horsepower/Weight has 

switched sign from the previous table. This is a phenomenon that was observed in the BLP and 

other related papers. However, Berry finds horsepower/weight to be insignificant versus my results 

show a strong and statistically significant correlation between this variable and the market share. 

This result translates into higher horsepower is in fact more advantageous. Size also remains the 

same in sign and magnitude. It is important that size produces the largest effect in degree among 

all the product attributes. With a positive sign, we can interpret customers have a strong preference 

for larger and more powerful cars.  

The following table report the regression results only for hybrid cars for coefficients that 

are significant.  

Table 17. Two Stage Least Squares for all models 

 (1) (2) 
 2SLS 2SLS 
Log(price) -3.3869*** -6.9355*** 
 (0.3002) (1.0205) 
$ per Mile -1.7019*** -0.7908 
 (0.4070) (0.5234) 
Horsepower/Weight -1.1434*** 4.3409*** 
 (0.2785) (0.5250) 
Size 8.5779*** 29.9970*** 
 (1.0326) (2.6519) 
Car 1.7617*** 2.0879*** 
 (0.2358) (0.4827) 
Incentives -0.0001** -0.0001* 
 (0.0001) (0.0001) 
24 months  -56.5849*** 
  (7.9672) 
60 months  -245.5686*** 
  (25.0571) 
Year and Month FE Yes Yes 
Brand FE Yes Yes 
Observations 1637 888 
R-squared 0.7572 0.8263 

Note: HP/Weight, Size, and DPM enter the demand equation in levels 
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By just looking at hybrid cars, the coefficient on price changes sign and is now intuitive. 

The signs on every other coefficient is consistent with the overall market results. Incentive seem 

to be negatively correlated with the sales of HEVs; however, it’s barely significant and very close 

to zero. Also, the incentives are correlated with the price of the hybrid model which make this 

estimation biased when we only look at hybrid vehicles. 

These results imply that customers are inclined toward vehicles with higher efficiency, 

stronger acceleration and bigger in size. Recall from Table 5 and Table 6, hybrids tend to be 

smaller in size and have less powerful engine on average. Given these attributes that produce strong 

significance, we can observe HEVs’ disadvantages against gas-powered vehicles lie within their 

characteristics themselves. In addition, too many reported recalls discourage customers to invest 

in such cars and cast doubts on their reliability. Recalls produces a large and negative coefficient 

which translate to when a model is recalled, its popularity adversely gets impacted. This is 

especially more important as hybrid technology is a relatively new mechanics and negative product 

safety can exacerbate the doubt the market potentially have regarding its reliability.  

5.3 External Influences 

External influences such as governmental incentives appear to have an inadequate impact 

in compensating for lack of desired attributes. Additionally, there are other factors that influence 

our choice when we purchase an eco-friendly vehicle. Environmentalism has shown to positively 

affect consumers’ choice, meaning if an individual values the environment, they are more likely 

to purchase an HEV. This was further argued in Kahn’s (2007) paper and proven in California that 

environmentalists make “greener” transportation choices, e.g. HEVs, than the average consumer. 

Presence of environmentalism was also noticeable in Sexton and Sexton’s (2011) paper. The 
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authors also demonstrated consumers are willing to pay thousands of dollars to signal their “green” 

values. This taste for “showing off” has put Prius in advantage compared to other hybrid models 

since there is no fuel alternative model that share the same look as Prius (excluding plug-in Prius 

that enters the market near the end of the study period). However, many hybrid vehicles share the 

same physical attributes with their gasoline counterparts; therefore, in the eyes of potential buyers, 

it’s a drawback.  

Other factor that has influenced the slow adoption is the gasoline prices. Lave (2002) 

argues for Priuses to make sense over Corollas (assumed gasoline counterpart for Prius), gasoline 

prices need to be more than 3 times greater than $1.50/gal. From Figure 4 in the Appendices, you 

can see the average price of gasoline only surpasses $3.5/gal for a short period of time and to 

Lave’s point, Priuses do not make economic sense to invest in for most of the study period. 

Finally, another downside to hybrids is their price tag. Liu’s (2014) estimates for 

consumer’s willingness to pay for HEVs ($963-$1,718) to be significantly lower than the average 

price premium of $5,390. It seems like the consumers’ perception of the value of these cars do not 

align with the marketed value. 

5.4 Discussion 
 
 The findings from this study offer some insights for industry practitioners and policy 

makers. They suggest that consumers heavily value car attributes and even though there have been 

many financial motives available to the buyers, they still don’t overcome the importance of the 

characteristics of vehicle themselves. Based on these results, we offer some suggestions to aid 

hybrids’ expansion in the market. 

 For car manufacturers, these findings can help them to get a clearer vision who their market 

target is. Technologically speaking, if hybrid cars can be produced as large and as powerful as 
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their gasoline counterparts and still maintain their fuel efficiency, there is no reason for car 

manufacturers to not apply the same technology to the gasoline versions. Essentially, hybrid cars 

would suffer from lack of some attributes in order to compensate for others (normally fuel 

efficiency) most of the time. Consequently, it is best for car companies to focus on the market that 

value fuel efficiency and environmentalism more than size and power. This market tends to be in 

urban areas in green states. Due to area density and political atmosphere, the benefits that hybrids 

offer are more valued in this market; hence, the hybrids can have a more rapid penetration in this 

areas compared to others. In terms of design, hybrid models should aesthetically be distinct from 

their gasoline counterparts. Having very similar look with a gasoline model has shown to hurt their 

adoption. As shown by Sexton and Sexton (2011), heterogeneity in appearance can help improve 

their adoption as Prius has been more successful than Civic to gain attraction. This is an advantage 

that the electric vehicles (BEV) have over many models of HEVs.  

 Warranty is another variable that is positively and significantly correlated with vehicle 

sales. This means longer warranty period increases the sales. Car manufacturers can leverage this 

resource to counteract potential buyers’ hesitation regarding maintenance costs. We know that an 

additional engine is costly and it’s not a hidden fact from the customers. However, car 

manufacturers offer 3 to 5 years of warranty additionally for hybrid models to cover battery related 

expenditures which includes battery replacement, i.e. the highest possible cost the HEVs pose. 

Customers can replace the battery for free of charge; therefore, the extended warranty diminishes 

added expenses.    

Brand loyalty has been shown to significantly to be present in the auto industry and 

American manufactures can leverage this to push forward their hybrid models. American cars can 

potentially focus on producing hybrid SUVs to attract those who are loyal to American production 
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and value size as well. The fuel efficiency is an added bonus that can be offered to these buyers. 

For truck production, torque is a vital factor that needs to be considered. If hybrids can’t offer 

similar torque level in their truck models, they will not be successful in attracting buyers. For 

foreign car manufactures, they can concentrate on increasing horsepower among their sedan 

production. As the market has shown, the most popular hybrid models are the Japanese sedans, i.e. 

Toyota and Honda. These manufacturers can exploit their credibility regarding Prius, Civic, and 

Insight to further push the market in promoting more sedan models and in some areas even their 

SUV models. Yet, given brand loyalty is more present toward American cars in some states, they 

might not be very triumphant in all areas. 

 Another crucial point to recognize is that hybrid manufacturers ought to be extra cautious 

to avoid the need to recall their products, as the negative effect of safety risk outweighs the positive 

benefits that the hybrid vehicles offer. The large coefficient on recalls reflect as the number of 

recalls increases, the number of sales drastically decrease. In order to lure the customers, 

manufacturers should align hybrid’s reliability as close as possible to the existing gas-powered 

models as possible. It is a vital matter that the customers assimilate the hybrid technology is 

reliable and they should not fear to invest in them. This matter is also highly relevant for other fuel 

alternative vehicles as well.  

 From these results, we can infer that the customers view hybrids simply just another option 

in the sea of the automobile market and form their decisions based on how a model overall fits 

their preferences. Of course, external influences have been effective in attracting customers but 

they have not been the main decider. Environmentalism has shown a positive impact on the 

demand for hybrid cars yet not too strongly. Policy makers can emphasize on increasing 

environmental awareness and the benefits of driving a hybrid in order to increase hybrid sales. 
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They should also introduce stricter laws for inefficient models to divert the market to advance fuel 

technology. If there is a cost on the demand side and not on the supply, meaning customers who 

operate vehicles with high emissions, hybrid cars become a valuable option to consider for them. 

We saw early programs such as Cash for Clunkers were effective to create a surge in hybrid 

adoption. Law makers can build upon such policies to make it costlier to drive inefficient cars.  

For policy makers, if they want to target all demographics, they might need to offer more 

incentives for the market that care more about vehicle attributes and are more price sensitive. This 

group is closely related to the younger generation. As past studies have shown, hybrids are more 

popular among the middle aged men. Therefore, extra monetary incentives for younger people 

might be necessary. Incentives return a positive and significant result which is assuring that the 

financial incentives have proven to be effective. However, the coefficient is very small in 

magnitude. The lawmakers should increase the amount of these incentives to lure more customers. 

Convenient-base incentives such as access to the HOV lane seem to not be significant as shown 

by Gallagher and Muehlegger (2008). Therefore, it’s better to offer monetary-base incentives. In 

addition, as Gallagher and Muehlegger (2008) point out, tax waivers are in fact much more 

effective than tax incentives. Thus, it’s more beneficial to increase these types of offerings.  

Together with the findings from various literature on demand for hybrid vehicles and what 

has this paper unfolded, we can understand customer preferences better and accordingly implement 

policies and production designs that appeal to a bigger market than the current stage. 
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CHAPTER VI 
 

CONCLUSION 
	

The objective of this study is to unfold the factors that have hindered the adoption of hybrid 

electric vehicles in the United States of America. The model developed in this paper follows Berry, 

Levinsohn, and Pakes’ (BLP) framework and utilizes data on aggregated vehicle sales from 1996 

to 2012 nationwide. I found that primary determinants of demand are relatively similar between 

the overall market and hybrids. Horsepower per weight, fuel efficiency, and size have a consistent 

and substantial effect on demand in both markets. Hybrids benefit from demonstrated consumer 

preference for fuel efficiency, but are hurt by the often more prevalent preference for horsepower 

per weight. 

Size is another attribute that is positively and strongly correlated with vehicle ownership. 

When the non-HEV market is compared to the HEV market, hybrid cars have smaller size on 

average which can possibly explain why they have been less favorable than other vehicle choices.  

It would be important, however, to keep in mind that a certain degree of the recent rise in 

demand for hybrids is likely a result of their moving out of the early adopter stage and into more 

mainstream acceptance, a phenomenon common to newly introduced technologies and entirely 

separate from changes in gas price or environmental attitudes 

6.1 Concluding Comments 

Manufacturers should be aware of promoting the hybrid technology if the quality is not up 

to expectations as a low quality have a negative effect on demand and discourages further adoption. 

This matter should also be of interest to policy makers since incentives are designed to generate a 

positive impact in HEV adoption but they should be strategically implemented.  
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Car manufacturers could also try to lure consumers by improving size and horsepower in 

their hybrids; however, given the strength of consumers’ preferences for performance and the 

relatively low sales of hybrids, from the manufacturer’s standpoint there is little reason to 

specifically limit improvements in these product attributes to hybrid models and to not extend the 

upgrades to their conventional gas-powered counterparts as well. 

There is great potential for further research on the topic of hybrid demand. The market for 

hybrids is fast-growing and constantly changing, with models being added to and dropped from 

manufacturer lineups every year. For further research, a dataset that is geographically distinct can 

be very illuminating. A reliable data for environmentalism could also be high of value. Another 

enhancement to the model can be use of better vehicle retention data. Although assuming constant 

price depreciation throughout the study period used in this paper may have been valid, a more 

comprehensive dataset would add much to an analysis of investment-motivated consumption. 

Demographic data would be extremely useful, as that would allow for a much more 

transparent picture of how factors such as education, age, and other demographics affect demand 

as it has been shown in previous papers there is a specific niche for hybrid cars. For example, Zhu 

and Liu (2013) find hybrid cars are more popular among white males in their 50s and those who 

make $100,000 to $125,000. This way, we can test which group favor the hybrid cars the least. 

Finally, a more extensive set of explanatory variables could add a great deal of explanatory 

power to the overall estimations. For example, safety ratings for each model can also be added to 

enhance the reliability of each model. Another possible enlightening set of variables is adding 

different policies that were enacted within the study period: such as, cash for clunkers. 

In spite of its limitations, this paper still offers valuable insight into the determinants of 

slow adoption of hybrid cars and the implications for the future of HEVs. As the battery electric 
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and plug-ins are making a progress in establishing their market, it will be very interesting to see 

how they will affect the adoption of HEVs. Although it is impossible to perfectly identify the 

drivers behind HEV market adoption failure given the limitations, the results provided here can be 

a discussion for manipulating vehicle attributes to meet consumer preferences. 
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APPENDICES 
	

Figure 4. Trend of gas prices adjusted for inflation (2012 USD) 

  
 

Figure 5. Trend of average household income adjusted for inflation (2012 USD) 
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Figure 6. Trend of aggregated distance traveled adjusted for population (million miles) 

 
	

Figure 7. Trend of sales-weighted average price adjusted for inflation (2012 USD) 
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Table 18. Summary statistics for product attributes, Camry (hybrid) 

Attribute Mean Std. Dev. Min Max 
Horsepower 148 3 147 156 
MPG (combined) 36 3 33 40 
Size 13,566 0 13,566 13,566 
Weight 3,644 88 3,429 3,680 
MSRP 26,758 502 25,860 27,410 
Torque 141 6 138 156 

 
Table 19. Summary statistics for product attributes, Camry (gasoline) 

Attribute Mean Std. Dev. Min Max 
Horsepower 182 21 157 213 
MPG (combined) 25 1 23 27 
Size 13,381 156 13,119 13,566 
Weight 3,251 103 3,116 3,390 
MSRP $22,946 $1,332 $20,176 $25,538 
Torque 189 12 172 211 

 
Table 20. Summary statistics for product attributes, Altima (hybrid) 

Attribute Mean Std. Dev. Min Max 
Horsepower 158 0 158 158 
MPG (combined) 37 3 34 39 
Size 13,315 149 13,168 13,482 
Weight 3,476 6 3,470 3,482 
MSRP $26,577 $890 $25,695 $27,530 
Torque 162 0 162 162 

 
Table 21. Summary statistics for product attributes, Altima (gasoline) 

Attribute Mean Std. Dev. Min Max 
Horsepower 191 31 150 223 
MPG (combined) 26 1 25 27 
Size 13,062 463 12,112 13,583 
Weight 3,087 123 2,919 3,234 
MSRP $21,493 $2,706 $18,130 $25,314 
Torque 194 28 154 222 
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Table 22. Summary statistics for product attributes, Insight 

Attribute Mean Std. Dev. Min Max 
Horsepower 78 14 66 98 
MPG (combined) 55 12 30 65 
Size 10,752 521 10,345 11,492 
Weight 2,280 561 1,847 3,594 
MSRP $20,274 $804 $18,880 $21,260 
Torque 90 24 66 123 
	


