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How are new-energy
vehicle sales affected by government support?
U.S. geospatial evidence*

Abstract. Despite the low crude oil price that has been declining since 2014, the market for electric and hybrid-electric vehicles has
grown steadily and reached one million on the road in America in 2015 which itself proves high topicality of research concerning
factors affecting new-energy vehicles dissemination in the different states of US. In current paper, we study the effectiveness of
government policies on a best-selling hybrid-electric vehicle (HEV) by using proprietary and novel datasets of sales information in
3,000 United States counties while controlling for detailed and unique demographic and governmental factors since 2005, in the
initial stage of hybrid car introduction. First, we find that state tax waivers, state income tax credits, and high-occupancy-vehicle
lane access are important in HEV sales. Second, HEV tax incentives from the federal government show the negative relationship
with HEV sales. These results suggest that the federal government should entrust state governments with promotion policies for
HEVs. Third, income level and commuting time do not significantly affect consumers’ decision to switch to hybrid vehicles. Fourth,
a person who spends a considerable amount of time in a vehicle or is already taking public transportation is unlikely to switch to a
new vehicle type: New products should be first marketed to first-time car buyers. Geospatial analyses are followed to study spatial
dependencies. We proved that HEV sales in the country is highly connected with proper state support policies at regional level.
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Kyminr Yanr

KaHauaaTt eKOHOMIYHUX HayK, Mporpama perioHanbHUX AOCNiAXKEHb,

KopHenbckuii yHiBepenTeT, Hbto-Mopk, CLLA

Mon MyH Ca6 Yowu

KaHaMaaT eKOHOMIYHMX HayK, AoueHT, Konenxx 6i3Hec-aaMiHiCTpyBaHHA,

KiHouun yHiBepcuteT IxBa, Ceyn, Pecny6bnika Kopes

Cet XyaHr

KaHOMOaT eKOHOMIYHMX HayK, aoueHT, Koneoxx 6i3Hec-aaMiHiCTpyBaHHA,

>KiHouun yHiBepcuteT IxBa, Ceyn, Pecnybnika Kopes

BnnuB aep)xaBHOI NiATPUMKIK Ha NpoAaki HOBUX eHeproed)eKTUBHMX aBTOMO6GiniB y CLUA: reonpocTopoBuii aHanis
AHoTauifA. Y cTaTTi po3rnAfalTbCA MUTaHHA, NOB’A3aHI 3 e(PEeKTUBHICTIO MONITUKK, LIO MPOBOAUTLCA AEPXKABOK CTOCOBHO
HambinbWw npoaaBaHuX rOPUOHUX eNeKTPUHHUX TpaHcrnopTHux 3acobie (FTETC). [nA BMBYEHHA AAHOr0 acnekTy aBTopamu
nocnigxxeHHA 6ynn BUKOpUCTaHi BnacHi AaHi, a TakoxX odgilinHa iHdhopmauia npo npogaxi BuULe3asHauYeHNX TPaHCMOPTHUX
3acobis y 3000 okpyrax CLLA 3 2005 poky, TO6TO 3 MOMEHTY NoABM ri6puAHNX TPaHCNOPTHMX 3acobis Ha puHKy CLLUA. ABTopu
CTaTTi AWM BUCHOBKY, O YMHHMKW, Taki AK 3BifIbHEHHA Bi4 cnnaTtyv noaaTkiB, BiAWwKoAyBaHHA MoAaTky Ha npubyTok, a
Takox 6yaiBHUUTBO CMyr AJ1A NepecyBaHHA TPaHCMOPTHUX 3ac06iB 3 BEMMKOKO KiMbKICTIO NacaXupiB Mae iCTOTHE 3Ha4YeHHA
anA 36inbweHHA npogaxis TETC. Pasom i3 Tum 6yno BCTAHOBMEHO, WO B AaHOMY KOHTEKCTi NOAATKOBI MiNbru, WO HaaaTbeA
denepasnibHUM YpALOM, € BiAHOCHO ManoeeKTUBHMMI Ta HaBiTb TaKMMU, WO € WKianueMm 6e3 4oAaTKoBUX CTUMYIB 3 BOKY
opraHiB Bnaau Ha pieHi wraris. Lie cBigunTb Npo Te, Wo eaepanbHWin ypAa NOBUHEH HAAINUTY BiAMOBIAHMMN MOBHOBaXXEHHAMM
ypAOW WTaTiB, TMM CaMUM HaAaBLUK iM MOXIMBICTb CaMOCTIMHO 3anmaTtunca npocysaHHAM FETC Ha puHKy. Takox cnig B3ATK 80
yBarv Tom oakT, WO iCHYE vLe Mana MMOBIPHICTb TOro, WO 0cobu, AKi 3MyLLIEHi BUTpayaTh 3Ha4YHy KinbKiCTb Yacy, nepebysaroum
6e3nocepenHbO B TPAHCMOPTHOMY 3acobi, a6o 0cobu, AKi KOPUCTYIOTLCA rPOMAACLKUM TPAHCMOPTOM, NOrOAATLCA NeperTn Ha
BUKOPWUCTaHHA aBToMOob6iniB HoBoro Tuny. Mia Yac npoaayky AaHOro NpoAyKTY Chif OpieHTyBaTUCA, NMepLU 3a BCe, Ha TUX Noaen,
AKi KynytoTb aBTOMOGINb ynepue. Y poboTi 3anponoHOBaHO reonpocTopoBuii aHania HagaHoi iHdopmadii.

Knto4oBi cnoBa: ribpuaHi enekTpuyHi TpaHCNopPTHI 3acobu; NOAATKOBI NiNbr; NPOCTOPOBMWIA aHarni3; NPOCTopoBa perpecis.

* Kuming Chang is the corresponding author. This research is based on Chang’s PhD dissertation, and special thanks are due to Antonio Bento,
Timothy Mount, Shanjun Li, and Max Zhang. The key data used in this research was purchased by Professor Antonio Bento. Standard disclaimer rules
apply, and all errors are our own.
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KymuHr Yanr

KaHauaaT 9KOHOMUYECKMX HayK, MporpamMmMa permoHanbHbIX UCCNeaoBaHun,

KopHennbckuii ymeepcuteT, Hbto-Mopk, CLUA

Mon MyH Cab6 Yon

KaHauaaT 9KOHOMUYECKUX HayK, AoueHT, Konneax 613Hec-aaMMHUCTPUPOBAaHUA,

XKeHckuin yHusepceuteT UxBa, Ceyn, Pecnybnuka Kopea

Cet XyaHr

KaHanaaT 9KOHOMUYECKUX HayK, AoueHT, Konneaxx 6usHec-aaMUHUCTPUPOBAHUA,

XKeHckun yHusepcuteT NxBa, Ceyn, Pecnybnuka Kopena

BnuaHue rocyaapcTBeHHON NOAAEPKKMN Ha NPOAAXMN HOBbIX 9HeproadeKTUBHbIX aBToMOGUnen

B CLLUA: reonpocTpaHCTBEHHbIW aHanus3

AHHOTauMA. B cTaTbe paccmaTpuBaloTCA BOMPOCHI, CBA3AHHbIE C 3MEKTUBHOCTHIO MOMUTMKM, NMPOBOAUMON rOCYAaPCTBOM,
Kacawowenca Haubonee npoaaBaeMbiX MMOPUAHBLIX 3NEKTPUYECKUX TPaHCNOPTHbIX cpeacts (MATC). OAnAa v3yyeHuA [aHHOro
acnekTa aBTopaMmu uccnefoBaHvA 6biv UCNoNb30BaHbl COBCTBEHHbIE AaHHbIE, a TakxXe odumumanbHan MHopMaumA o npojaxax
BbILLEYNOMAHYTBIX TpaHCMopTHbIX cpeacTts B 3000 okpyrax CLUA ¢ 2005 ropa, TO €CTb C MOMEHTa MOABMEHWUA rMOPUAHBIX
TPpaHCMNOPTHbIX cpeAcTB Ha pbiHke CLUA. ABTOpbI CTaTbu NPULLAK K BbIBOAY, YTO hakTopbl, Takne kak ocBOBOXAeHWe OT ynnartbl
Hanoros, BO3MeLLieHVe Hanora Ha Npubbinb, a Tak>Ke CTPOMTENBCTBO NOMOC ANA NepeaBUKEHUA TPaHCMOPTHBLIX CPEACTB € 60MnbLUMM
KONM4eCTBOM MacCaXXMpoB UMEET CyLUECTBEHHOEe 3Ha4YeHne anA ysenudernua npogax MNOTC. BmecTe ¢ Tem 6bIno ycTaHOBNEHO,
4YTO B JAHHOM KOHTEKCTE HasioroBble NbroThl, npegocTasnAemble deaepanbHbIM NPaBUTENLCTBOM, ABMAAIOTCA OTHOCUTENbHO
ManoaPeKTUBHBIMM U faXKe TaKUMU, 4TO NPUHOCAT Bpes, 6€3 AONOMHUTESbHBIX CTUMYIIOB CO CTOPOHbLI OPraHoB BNacTW HA YyPOBHE
LWTaToB. OTO CBUAETENLCTBYET O TOM, HYTO heAepanbHoe NpaBUTENbCTBO AOMKHO HAAENUTL COOTBETCTBYIOWMMU MOMHOMOYMAMM
npaBuTeNbCTBA LITATOB, TEM CambiM MPEfOCTaBMB MM BO3MOXHOCTb CaMOCTOATENIbHO 3aHuMaTbeA npoaBvkeHnem MITC Ha
pblHKe. Takxe crnegyeT NPUHATL BO BHUMaHWE TOT PaKT, YTO CYLeCTBYeT Nullb ManaA BEPOATHOCTb TOro, YTO uua, KoTopble
BbIHY)XAEHbl TPaTUTb 3HAYUTENbHOE KONMMYECTBO BpeMeHW, npebbiBad HEenoCPeACTBEHHO B TPAHCMOPTHOM cpeAcTse, nmbo
nonb3ytoLmecA o6LEeCTBEHHbLIM TPAHCMOPTOM, COTNAacATCA NePenTU Ha UCMoNb30BaHNe aBTomobunen Hosoro Tuna. Mpu npojaxke
[aHHOro NpoayKTa crneayeT OPUEHTUPOBATLCA, MPEXAe BCEro, Ha TeX NM0AEN, KOTopble NoKynatoT aBToMobunb Bnepeble. B pabote
NPeAsIoXKEH reonpoCTPaHCTBEHHbIN aHaNU3 nNpeaocTaBeHHON MHopmaumu.

KnioyeBble cnosa: rmbpuaHble aNeKTpU4ecKue TPaHCMOPTHbIE CPEACTBA; HaNoroBble MbroThl; NPOCTPAHCTBEHHbIN aHanus;

NPOCTPaHCTBEHHAA perpeccus.

Introduction

By September 2015, the total number of plug-in hybrid
and electric vehicles has reached one million, faster than the
prediction made by Pike Research on their July 2012 study
that total sales will reach the one million in 2018. Despite
the continual and drastic decline of crude oil price starting
from 2014 and continuing in early 2016, based on the report
by Lux Research, the total number of new-energy vehicles
sold has remained resilient in 2015 and is expected to grow
throughout 2016. This coincides with our study such that go-
vernment incentives are a strong predictor of hybrid sales if
each state can tailor its incentives to the local demographics
and preferences.

Initially, hybrids face barriers to adoption that are common
to any new technology, such as lack of knowledge by potential
adopters, low consumer risk tolerance, and high initial produc-
tion costs. These factors have been mitigated somewhat by hy-
brids’ established performance and reliability record in the U.S.,
but price premiums of several thousand dollars over equivalent
gasoline-only vehicles still deter consumer demand.

By using county level quarterly data for new HEV registra-
tions from R. L. Polk, we consider other factors that could be
significant and could thus lead to more accurate results. We are
the first researchers to use these county-level data that make
it possible to investigate the geographic differences in govern-
ment policies.

This study is organized as follows. The remainder of
Section 1 contains a history of the hybrid electric vehicle and
a literature review. Section 2 discusses the data sources and
analysis of the datasets. Section 3 introduces the methodolo-
gy and empirical model specification. Section 4 discusses the
parameter estimates and the policy analysis. Section 5 uses
the Toyota Prius as an example to analyze the spatial effects of
state government incentives using GIS techniques. Section 6
concludes the paper.

Section 1

Literature review

This paper is built on other studies' that discuss the de-
mand for hybrid cars or other new vehicles. Kahn (2007) found
that communities in California with a higher proportion of Green
Party registered voters exhibit higher frequencies of pro-envi-
ronment behaviors. Diamond (2008) tested the relationship

' Section 2 is organized and excerpted from various other papers.

between hybrid adoption and a variety of socioeconomic and
policy factors. Using R.L. Polk hybrid vehicle registration data
from 2000 to 2006, he found that rising gasoline prices, high in-
come, and vehicle miles traveled were all positively related to
market share, albeit disproportionately.

In those studies, the presence or value of monetary incen-
tives at the state level was generally weak or insignificant com-
pared to other factors. Beresteanu and Li (2009) examined
the determinants of HEV sales in 22 metropolitan statistical
areas from 1999 to 2006. They found that both increasing ga-
soline prices (e.g., through increased gasoline taxes) and fe-
deral income tax incentives expanded the market share of hy-
brid vehicles. Klier and Linn (2008) got vehicle model sales
data from Ward’s Automotive Reports (1970-1979) and Ward’s
AutolnfoBank (1980-2007). The monthly new vehicle sales da-
ta allowed them to examine the effect of gasoline prices on
new vehicle demand within model-year changes. Their static
approach did not consider the endogeneity of vehicle charac-
teristics because gasoline prices and CAFE regulations can
affect the characteristics of vehicles.

Another important paper by Berry, Levinsohn, and Pakes
(2004) discusses an algorithm for estimating characteristic-
based demand models from alternative data sources and ap-
plies it to new data on the market for passenger vehicles. The
models allowed characteristics to vary as a function of both
observed and unobserved consumer attributes. For that study,
they used data from the 1993 CAMIP Sample by General Mo-
tors, which included about 37,500 completed surveys (34,500
of which also reported their second choice), and the Current
Population Survey. BLP’s 2004 paper is slightly more compli-
cated than other papers in the field, but it includes important
ideas for the future of alternative-fueled vehicle demand.

Section 2

2. 1. Data and methods

2. 1.1 Overview

The variables and data sources used in this study are ob-
tained from five categories (Table 1):

1. Registration data are from R. L. Polk & Co.

2. Hybrid car characteristics data are from Ward’s Automo-
tive Yearbook.

3. State level gasoline prices with taxes from 2005 quar-
ter one to 2007 quarter four from the «Monthly Motor Fuel Re-
ported by States» issued by the Federal Highway Administra-
tion (FHWA).
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This table represents the five categories of the data: vehicle characteristics, incentives, socioeconomics,
Polk’s data and gasoline prices. Registration data are from R.L. Polk & Co. Hybrid car characteristics data
are from Ward’s Automotive Yearbook. State level gasoline prices with taxes from 2005 quarter one to
2007 quarter four from the «Monthly Motor Fuel Reported by States» issued by the Federal Highway
Administration (FHWA). Government incentives are from fueleconomy.gov, Alternative Fuels and
Advanced Vehicles Data Center (AFDC), and Hybrid Incentives and Rebates-Region by Region. Lastly,
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4. Government incentives are from fueleconomy.gov?, Al-
ternative Fuels and Advanced Vehicles Data Center (AFDC)3,
and Hybrid Incentives and Rebates-Region by Region®.

5. Socioeconomic data are from the 2000 U.S Census.

Tab. 1: The variable list

socioeconomic data are from the 2000 U.S. Census.

40 minutes, drive alone and travel time less than 24 minu-
tes, public transport and travel time greater than 40 minutes,
public transport and travel time less than 24 minutes, high
income household in urban area, low income household in
urban area, fewer than 2 vehicles per house-
hold, and more than 3 vehicles per household.

2. 1.6. Gasoline prices

For our price data, we use regular grade ga-
soline calculated as quarterly data using dollars-
per-gallon as the unit and including taxes. We ob-
tained the state tax rates on gasoline from High-
way Statistics 2010 (Part 8.4.6 State tax rates on

motor fuel, Table MF-121T¢). The study period for
state-level gasoline prices with tax data is from

2005 quarter one to 2007 quarter four.

2. 1.7 Car characteristics

The 2005-2007 Ward’s Automotive Yearbook

provides car and light truck specifications and pri-

ces for the United States. Car characteristics ob-

tained from Ward’s Automotive Yearbook include

Vehicle - Incentives Socioeconomics Polk’s data Gasoline
characteristics
M|_Ies per gallon HOV lane access Race State Gasoline price
(city/highway)
Vehicle price (MSRP) | State sales tax House ownership County
State income tax credit | Vehicle counts Make
Federal income tax credit | Education Model
Family size Year
Travel time Quarter
Commuting mode Registration number
Age
Household head age
2 variables 4 variables 9 variables 7 variables 1 variable

city and highway MPG, and retail price (MSRP) by

Source: Compiled by the authors

2.1 2. Data structure

Table 2 shows the characteristics of geography and time
for the datasets. HEV registration data are at the county le-
vel and quarterly; gasoline prices are quarterly but at the state
level. Government incentive data, including state sales tax
waivers, state income tax credits, and HOV lane access, are
at the state level and yearly. Note that the federal credit pro-
gram is by vehicle model but has a different time frame. The
socioeconomics variables do not have any time variation but
contain county-level data, and car characteristics are yearly
data without geographic variations.

Tab. 2: Datasets structure

This table shows the characteristics of geography and time for the datasets. Hybrid-
energy vehicle (HEV) registration data are at the county level and on a quarterly basis;
Gasoline prices are at the state level and on quarterly basis. Government incentive
data, including state sales tax waivers, state income tax credits, and high-occupancy-
vehicle (HOV) lane access, are at the state level and on a yearly basis. Note that the
federal credit program is by vehicle model but has a different time frame. The
socioeconomics variables do not have any time variation but contain county-level data.

Lastly, car characteristics are on a yearly basis without geographic variations.

Data Geography Time

HEV registration County level Quarterly

Gasoline price State level Quarterly

Government incentives | State level Yearly

Socioeconomics variables | County level U.S. Census 2000, no time variation
Car characteristics No geographic variation | Yearly

Source: Compiled by the authors

2. 1.3. Government incentives

Several incentives to encourage consumers to purchase
hybrids have been put in place to address market barriers
and overcome the incremental initial purchase costs of hy-
brids over their gasoline equivalents as shown in Table 3°.
Still other states, such as Virginia, California, New York, New
Jersey, Florida, and Utah, give hybrid owners waivers from
HOV lane restrictions on one or more highways in the state
(Diamond, 2009) [11].

2. 1.5. Socioeconomic characteristics

Socioeconomic variables are based on the 2000 Census
from the U.S. Census Bureau. We use five categories and twen-
ty-one variables, and all of them are county-based. To distin-
guish urban and rural differences, we use the Rural-Urban Con-
tinuum Codes from the U.S.D.A. Economic Research Service
for 2003 (Table 4).

We use the following eleven demographic variables in
this study: mean age, college degree per capita, high school
degree per capita, drive alone and travel time greater than

2 http://www.fueleconomy.gov/Feg/tax_hybrid.shtml

3 http://www.afdc.energy.gov/afdc/vehicles/hybrid_electric_laws.html
4 http://www.hybridcars.com/local-incentives/region-by-region.html

5 http://www.fueleconomy.gov/feg/taxevb.shtml

car class, model, and year (Table 5).

Because vehicle retail prices are not obser-
vable at the county level, we use the MSRPs in-
stead. Variations in vehicle retail prices in diffe-
rent counties are captured by an error term. As Beresteanu and
Li (2009) explained, the error term also captures local marke-
ting efforts such as advertisements.

The combined MPG is calculated as:

1

MPG = (0.55/City MPG)+(0.45/Highway MPG)

to evaluate a car’s fuel efficiency. Higher MPG means a
HEV is more fuel efficient. In our dataset (2005-2007), the
Honda Insight has the highest city-MPG at 63. The lowest
MPG for a hybrid vehicle is the 2005 Lexus RX400h, a mid-
size SUV with an MPG of 17. We use a ratio of MPG and MSRP
multiplied by 100 to demonstrate the basic cost/performance.
When MSRP is lower and MPG is higher, the ratio is higher.
Therefore, the 2005 Honda Insight has the highest ratio (0.32),
and the 2005 Lexus RX400h has the lowest ratio (0.06).

Section 3

3. 1. Methodology and empirical model specifications

We constructed a fixed effects regression model to esti-
mate the relationships among sales of hybrid cars, govern-
ment incentives, gasoline prices, and socioeconomic factors.
This methodology usually includes dummy variables to control
for unobserved heterogeneity without using any instruments.
Therefore, it is also called the least squares dummy variable
(LSDV) model. We regress the log of hybrid sales plus one
divided by the population on dollars-per-mile (DPM), vehicle
price (MSRP), government incentives, socioeconomic varia-
bles, geographic fixed effects, vehicle model fixed effects, and
time fixed effects. The base model specification is given by

Log((Sales + 1) /population);,, = a; + B, (dollars — per — mile);, +
+ Bylog(Vehicle Prices),, + Bz (Incentives) iy, +

(1

+ By(Socioeconomics); + ty + 6; + Eine »

where the subscripts indicate a vehicle model sale m or a
county : at time ¢ The &; denotes the county fixed effects, Um
denotes the vehicle model fixed effects, 8; denotes the time
fixed effects, and &;;,;+ denotes the stochastic error terms. The
definition of DPM is (Gasoline Prices),/(Miles Per Gallon),,, .

Section 4

4. Empirical results

4. 1. Overview

Using the fixed effect model described in the previous sec-
tion, the Log((hybrid sales + 1) /population) is the depen-
dent variable, and the explanatory variables include the state
tax incentives, federal credit policy, driving cost, vehicle price,
and single-occupancy access to HOV lanes. We also include
the county-level socioeconomic factors from the Census

¢ https://www.fhwa.dot.gov/policyinformation/statistics/2010/mf121t.cfm
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2000 datasets and use those data to control for variation in
county-level demographic trends. In summary, this section
reports parameter estimates from the fixed effects model
at the county level for the sales of HEVs and then exami-
nes the effects of subsidy policies on the diffusion of hy-
brid vehicles.

4. 2. Regression results

Log((hybrid sales + 1) /population) is the depen-
dent variable, and the explanatory variables are DPM,
Log(vehicle Price) , a dummy variable for HOV lanes,
monetary policy for the state and federal incentives, and
the demographic variables. The estimation results are
shown in Table 6. The fixed effect model has three diffe-
rent specifications. For all of them, the dependent va-
riable is Log((hybrid sales + 1) /population) , and the
independent variables are DPM, Log(vehicle Price) ,
a dummy variable for HOV lanes, county demographic
variables, and the one of the specifications.

In specification (1), the three monetary incentives
(state sales tax incentives, state income tax incentives, and
federal credit incentive) are scaled by $1,000 to be a single
explanatory variable. In specification (2), the same three
monetary incentives are divided by vehicle price. In specifi-
cation (3), a dummy variable for the sales tax waiver incen-
tive and a dummy variable for an income tax credit incen-
tive are used as alternative ways to represent the monetary
incentives. Table 6 shows an analysis of the seasonal pat-
tern of tax incentives by type and quarter of year, and the
estimates for states that offer tax incentives. State income
tax policy occurs in Colorado, Louisiana, South Carolina,
and West Virginia, and state sales tax policy occurs only in
Connecticut, Maine, and New York. Table 7 shows the post-
estimation analysis of the effects of different subsidies.

Following the conventional practice, we begin the ana-
lysis with a fixed effects model of panel data at the coun-
ty level. As shown in Table 6, for the non-monetary poli-
cy (single-occupant access to the HOV lane), all the esti-
mation results for the three specifications are robust and
show positive and significant results. On the other hand,
interestingly, the federal support policy coefficients are all

WORLD ECONOMY AND INTERNATIONAL ECONOMIC RELATIONS

Tab. 3: State incentives

This table shows the list of state incentives. Several incentives address market barriers and
overcome the incremental initial purchase costs of hybrids over their gasoline equivalents. Until
2005, the U.S. federal government provided a $2,000 tax deduction for all qualifying hybrids,
regardless of make and model. Starting in January 2006, however, the Energy Policy Act of
2005 replaced that tax deduction with a tax credit based on an individual model’s emissions
profile and fuel efficiency compared to equivalent gasoline vehicles. Credits varied from several
hundred to several thousand dollars and phased out over time after the manufacturer sold a
total of 60,000 hybrid and lean-burn vehicles. The federal credit was completely phased out on
April 1, 2010. Toyota sales reached the 60,000 unit threshold in May 2006, and Honda reached
the threshold in August 2007. In addition to the federal tax credit, many states offer additional
incentives. As of 2008, the state with the highest effective incentive structures was Colorado,
which offers credits of $2,500-$6,000 depending on the model. Several other states offer
incentives valued at greater than $1,500 (Hybrid Incentives and Rebates-Regicn by Region,
2007). Still other states, such as Virginia, California, New York, New Jersey, Florida, and Utah,
give hybrid owners waivers from HOV lane restrictions on one or more highways in the state
(Diamond, 2009). The source is the AFDC at http://www.afdc.energy.gov/laws/state

Panel A. High-occupancy-vehicle (HOV) lane

State Incentives |Vehicle Time Value
Arizona Insight, Civic, Prius |2/2007-2010
California Insight, Civic, Prius |1/2005-2010
Florida All HEVs Q3, 2006-2010
Utah All HEVs 2005-2010
New Jersey Certain HEVs 5/2006-2010
New York Insight, Civic, Prius |3/2006-2010
Virginia Certain HEVs Prior to 7/2006-all lanes open.
7/2007-2010: no access
on 1-95/395.
Panel B. Sales tax exemption
State Incentives |Vehicle Time Value
Connecticut Civic, Prius, Insight |2004-2010 (2(){7;?;1;?:09)
0, i 0,
Maine All HEVs 2005 only faox./?ggglftgog)/u
New York All HEVs 1/2004-2/2005 $3,000 credit.

Panel B. Income tax credit

State Incentives |Vehicle Time Value
Colorado Certain HEVs 2001-2010 \(/;2/2”&95—\/2'4:';13).
Louisiana All HEVs 2002-2010 2% of value of vehicle
State income tax
South Carolina All HEVs 6/2006-2010 credit=20% of federal
credit ($130-$630)
oy -
Utah Civic only 2005 only Sgs?, t();llrjcs:;%r?;;t&;o)
$750 or $1,500
Oregon Certain HEVs 2005-2010 residential and
Business tax credit
West Virginia All HEVs Pre 2005-6/2006 $3,750

Source: Compiled by the authors

negative and significant for the three specifications, indicating

that little evidence in this analysis supports the claim that f
ral credit incentives have a significant effect on HEV sales.

estimation result also suggests that college graduates have a

greater propensity to purchase HEVs. For the interaction

of transportation mode and travel time to work, the estimation 2
result showed that travel time has no effect on HEV purcha- 3
sing decisions. However, people in counties with more commu-

ters driving alone purchased more HEVs. Interestingly, c
ties with a large number of people who commute using
lic transit with a travel time of more than 40 minutes hav

wer HEV sales than other counties. Furthermore, a household

with 2 or fewer cars has a higher tendency to buy a HEV

a household with more than three cars. We recognize that this

point is trivial, but it serves as a control va-
riable. Consumers’ mean age is positive-
ly correlated with HEV sales, which is in-
consistent with the result of Gallagher and
Muehlegger (2011). Of all the independent

ede-
The

Tab. 4: 2003 Rural-urban continuum codes

This table provides the 2003 rural-urban continuum codes in order to distinguish urban
and rural differences. The source is the U.S.D.A.'s (2003) Economic Research Survey.

Panel A. Metro counties

Code

Definition

term S

Counties in metro areas of 1 million population or more

Counties in metro areas of 250,000 to 1 million population

Counties in metro areas of fewer than 250,000 population

Panel

B. Nonmetropolitan counties:

Code

Definition

oun- 4

Urban population of 20,000 or more, adjacent to a metro area

pub-

Urban population of 20,000 or more, not adjacent to a metro area

Urban population of 2,500 to 19,999, adjacent to a metro area

e lo-

Urban population of 2,500 to 19,999, not adjacent to a metro area

Completely rural or less than 2,500 urban population, adjacent to a metro area

O (N

than

Tab. 5: MPG and MSRP

Completely rural or less than 2,500 urban population, not adjacent to a metro area
Source: Compiled by the authors

This table provides the miles per gallon (MPG) and manufacturer's suggested retail prices (MSRP) of competing
hybrid-energy vehicles (HEVs) in USD. Car and light truck specifications and prices for the U.S. are sourced from
the 2005-2007 Ward'’s Automotive Yearbook.

variables, the DPM variable is the most im- 2005 2006 2007 2005] 2006[ 2007
portant determinant of hybrid sales. Car Classes Model Comoined| wsrp | Combined| ysgp |COMBINEd| ysgp | MPG/MSRP (x100)
Table 7 shows the effects of different MP P MP
. . Small car Ford Focus 29
forms of state tax incentives on HEV sales. Honda Civic 48 | 20,165 50 | 22,400 50 _|23,195| 0.24 | 0.22 | 0.22
In specifications (1) and (2), the models Midsize car [Honda Accord 33 30,505 32 [31,540] 32 [31,685] 0.11 [ 0.1 | 0.1
examine the effects of state income tax Honda Insight 64 19,695 63 19,880 63 19,880 0.32 | 0.31 | 0.31
. . Nissan Altima 27 18,565 0.14
credits and state sales tax waivers, re- Saturn Aura 23 20595 011
spectively. In those two specifications, Toyota Camry 27 [18,985| 39 26,480 0.14 | 0.15
; ; Toyota Prius 56 21,415 56 22,305 56 22,305] 0.26 | 0.25 | 0.25
all the government SUppOI’tS, InC.IUdlng Compact Ford Escape 34 26,970 34 27,515 34 26,320 0.12 | 0.12 | 0.13
the HOV access dummy, sales tax incen- Suv Mazda Tribute 30 |20705 0.14
tive, and income tax incentive, are posi- Mercury Mariner 24 21,995 31 29,840 31 28,615] 0.11 | 0.1 [ 0.11
; ; Saturn VUE 25 17,990 29 22,995 0.14 | 0.13
tive, t.)ut.t.he sales tax waivers resultls are Midsize SUV |Lexus RX400h 17 36,400 29 49,060 30  [41,895] 0.05 | 0.06 | 0.07
not significant. Furthermore, we estimate Toyota Highlander | 24 | 24,645 31 |33,595| _ 31 _ |33,095 | 0.1 | 0.09 | 0.09
the effects of income tax policy and sales Large luxury |Lexus GS 450h 25 43,800 26 44,865 0.06 | 0.06
tax policy in different states. For the in-  Super luxury|Lexus LS600h L 21 |30,970 0.07

come tax credit, only West Virginia shows

Source: Compiled by the authors
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Tab. 6: Panel regression results with fixed effects

This table provides the panel regression results with fixed effects which are
analyses of the seasonal pattern of tax incentives by type and quarter of year
(Table 6), and parameter estimates for states that offer tax incentives (Table 6,
continued). State income tax policy occurs in Colorado, Louisiana, South Carolina,
and West Virginia, and state sales tax policy occurs only in Connecticut, Maine,

Tab. 7: Form of state tax incentives

This table shows the effects of different forms of state tax incentives on
hybrid-energy vehicle (HEV) sales. The dependent variable is Log((HEV
sales+1)/population). Models 1 and 2 examine the effects of state income tax
credits and state sales tax waivers, respectively. Standard errors are within
parentheses, * p<0.05 ** p<0.01 *** p<0.001. All specifications contain
socioeconomics variables and vehicle price.

and New York. The dependent variable is Log((Sales+1)/population). The Variable Model 1 Model 2
explanatory variables are dollars-per-mile (DollarsPerMile), the log of retail DollarsPerMile -16.7617*** -16.2782***
vehicle price (LogRetailPrice), a dummy variable for high-occupancy-vehicle -2.1156 -2.1153
(HOV) lanes (HovAcess), state and federal incentives, and demographic variables. HovAccess 0.1997*** 0.2021***
In Model 1, the three monetary incentives (state sales tax incentives, state -0.0148 -0.0148
income tax incentives, and federal credit incentive) are scaled by $1,000. In SalesTaxIncentive ($'000s) 0.0675%**
Model 2, the same three monetary incentives are divided by the vehicle price. In -0.0188
Model 3, a dummy variable for the sales tax waiver incentive (SalesTax) and a IncomeTaxIncentive ($'000s) 0.0251
dummy variable for an income tax credit incentive (IncomeTax) are used as -0.0128
alternative ways to represent the monetary incentives. Standard errors under the IncomeTaxPolicyColorado 0.1233%%%
estimated coefficients. -0.0319
Variable Model 1 Model 2 Model 3 IncomeTaxPolicyLouisiana 0.7545%%*
. -5.8998™"" -6.1614""" -6.2049™" -0.1605
DollarsPerMile
-0.12 -0.1195 -0.1174 IncomeTaxPolicySouthCarolina 0.03
1Py -0.3201°"" -0.3300""" -0.2512""" -0.0427
LogRetailPi
ogretatifrice -0.012 -0.0137 -0.0112 IncomeTaxPolicyWestVirginia -0.0023
0.6432""" 0.6322""" 0.6402""" -0.0149
HovAccess 20.0153 20.0153 20.0152 IncomeTaxPolicyConnecticut 0.4380***
Incentives: -0.0516
0.6007"" IncomeTaxPolicyMaine -0.1530%**
SalesTaxIncentive ($'000s) :0 0447 -0.0548
0 0‘473*“ IncomeTaxPolicyNewYork 0.0385
IncomeTaxIncentive ($'000s) :0 0129 -0.0217
0 (;800‘“ No. of observations 69,449 69,449
FederalCreditIncentive ($'000s) ; R? 0.6626 0.6627
-0.0031
SalesTaxPolicyPerVehiclePrice 1!—5(.343333 Source: Compiled by the authors
IncomeTaxPolicyPerVehiclePrice :ggz;g . i
3385 over space makes spatial regimes non-homogeneous. GWR
FederalCreditPolicyVehiclePrice -0.0821 also helps to better understand the diverse effects of factors: it
SalesTax 1.0460"" allows the relationships to vary across space and provides re-
(;Oégg;‘i, sults that are location specific through spatial disaggregation of
IncomeTax —0ss7  Olobal models. Lastly, we can test the performance of different
Cred 0.3789°" models across geographic locations.
FederalCredit -0.0112 Section 5. 2 describes spatial autocorrelation tests. Sec-

Source: Compiled by the authors

a negative relationship, but it is not significant. State income tax
credit policy is most effective in Colorado and Louisiana. The
sales tax waiver policy is most effective in Connecticut.

Section 5

5. Geographic information system analysis

5. 1. Overview

This section uses a spatial regression model, geographi-
cally weighted regression (GWR), to analyze the panel data
for the following purposes. First, we use GWR to correct spa-
tial autocorrelations of spatial dependence that similar values
in space tend to cluster together. We can solve the spatial hete-
rogeneity problem that non-uniform distribution of observations

tion 5.3 introduces the GWR methodology, and Section 5.4
uses GWR to test the efficiency of government policies in
promoting HEVs.

5. 2. Spatial autocorrelation analysis

Spatial autocorrelation is a measure of the degree to which
a set of spatial features and their associated data values tend
to be clustered together in space (positive spatial autocorre-
lation) or dispersed (negative spatial autocorrelation). Spatial
autocorrelation of local effort is expected. First, the HEV sales
intensity of one place is likely to be affected by the surrounding
counties. Figure 1 shows the HEV registration numbers from
2005 until 2007. Toyota Prius appears to have led the market.

Figure 2 reflects the spatial dependence of sales, which
shows that clusters in Prius sales distribution can easily be
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Fig. 1: Number of HEV registrations, 2005-2007
Source: Made by the authors based on the data from R. L. Polk & Co.
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Panel A. Toyota Prius sales in 2005
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Fig. 2: Distribution of Toyota Prius
Source: Made by the authors based on the data from R. L. Polk & Co.
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found across county areas. Such clusters tend to be within
state boundaries. The counties act as individuals nested within
states that are influenced by the higher-level state government.
But not all states are the same in terms of their county-nested
structure. Due to factors or policy choices regarding gasoline
prices and state incentives, the effects between counties need
to be corrected by models.

To test for spatial autocorrelation, the Australian statisti-
cian Patrick Alfred Pierce Moran (1917-1988) developed Mo-
ran’s | to measure whether the spatial pattern expressed is
clustered, dispersed, or random. The index values that cap-
ture spatial autocorrelation are from -1 (indicating perfect dis-
persion) to +1 (perfect correlation) with a zero value indica-
ting a random spatial pattern. Global Moran’s | investigates
the overall clustering of the data. However, if the homogenei-
ty assumption in the global analysis does not hold, then the
statistic should be different over space. Local spatial autocor-
relation can still find clusters in the absence of global autocor-
relation. Therefore, we use Local Indicators of Spatial Auto-
correlation (LISA) to capture the clustering for the spatial unit
(see Figure 3).

Figure 4 shows the results of the global Moran’s | using
both the «polygon contiguity 1*order» and «inverse distance»
conceptualizations of spatial relationships. As shown in the fi-
gure, the distribution of Prius sales is severely clustered. The
Moran’s | values for 2005, 2006, and 2007 are 0.43, 0.41, and
0.43, respectively. This positive value suggests clusters of Prius

Spatial Autocorrelation Report

Moran's Index: SR Sogrluance Lovel Crocal Vahos
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Global Moran's I Summary

Moran's Index:

sales in these three years. The z-score is large as well, and the
p value is almost 0. The test is statistically significant to reject
the null hypothesis that the distribution is random. Furthermore,
Figure 4 demonstrates LISA by 5 categories: Not significant,
high value surrounded by high value, high value surrounded by
low value, low value surrounded by high value, and low value
surrounded by low value. The counties in grey have no local
spatial autocorrelation, the counties in black have high Prius
sales and are surrounded by other counties with high Prius
sales, and the counties in blue have low Prius sales and are
surrounded by other counties with low Prius sales. Counties
in the latter two categories suffer from the local spatial auto-
correlation problem because they are surrounded by counties
with similar local situations. In contrast, counties in orange and
pink are outliers in terms of local spatial autocorrelation be-
cause they are surrounded by counties with opposite local si-
tuations.

5. 3. Geographically weighted regressions

To deal with the non-stationary problem that the goodness
of fit varies across space, we disaggregated the global models
to better understand virtuous and vicious cycles. We ran the
GWR model of the standardized dataset with the same varia-
bles as we ran the fixed effect regression.

The GWR model divides the whole study region into dif-
ferent neighborhoods based on their characteristics, as de-
scribed by Fotheringham et al. (2002) [12]. The global mo-
dels are disaggregated to allow their variance across space

Spatial Autocorrelation Report
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Given the z-score of 89.65, there is a less than 1% likelihood that this dustered pattern could
be the result of random chance.
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Moran's Index: | 0.419015

Expactad Index: -

Varlance:

Conceptualization:
Distance Method:
Row Standardization:

Distance Threshold: 17532310

Weights Matrix Flle:
Selection Set:

Expected Index:
Variance:
z-score:

p-value:

-0.000330

0.000022
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Input Feature Class:
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Row Standardization:
Distance Threshold:
Weights Matrix File:
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1.763891 Degrees
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Panel A. Toyota Prius sales in 2005

Panel B. Toyota Prius sales in 2006

Fig. 3: Global Moran’s | spatial autocorrelations
Source: Made by the authors based at the data from R. L. Polk & Co.
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to overcome the non-stationarity problem. Each local model
is the best fit model compared with the global model, and
the performance varies across region. It is helpful to examine
the distribution of local R squared to understand which part
of the study region the model fits best and which it fits worst.
Figure 3 demonstrates the variance of the local models’ per-
formances.

5. 4. Analysis of government policy

Figure 5 illustrates the results of the coefficients distribu-
tion for the policy variables after running the geographically
weighted regression (GWR) model in GIS. Counties in red,
orange, and yellow have positive coefficients of HEV sales,
whereas those in blue and light blue show a negative rela-
tionship with HEV sales. From 2005 to 2007, the graph of
the coefficients shows that the total government policy effect
on the West Coast is negative. The sign on the East Coast
changed from positive to negative between 2005 and 2007
and gradually became more negative as 2007 progressed.
We explain that trend as a reflection of government support
gradually phasing out. However, in the middle of the US, go-
vernment policies are more effective than on either coast.

6. Conclusion

Despite the low crude oil price that has been declining
since 2014, the market for electric and hybrid-electric vehicles
has grown steadily and reached one million on the road in
America in 2015. To study this successful introduction of such

Spatial Autocorrelation Report
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Given the z-score of 93.49, there is a less than 1% likelihood that this clustered pattern could
be the result of random chance.
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Panel C. Toyota Prius sales in 2007
Fig. 3: Global Moran’s | spatial autocorrelations
Source: Made by the authors based at the data
from R. L. Polk & Co.
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«new-energy vehicles», we examined how hybrid sales re-
sponded to federal tax incentives, state tax incentives, rising
gasoline prices, and perks such as HOV lane access. We al-
so took the Toyota Prius as a case study to examine the spatial
autocorrelations of spatial dependence and analyze each po-
licy’s effect when considering geographic differences. Our em-
pirical results suggest some important points for policymakers
to consider when attempting to introduce a new product into
the market.

First, our estimation results show that state tax incentives
are important for consumers’ adoption of hybrid vehicles.
Furthermore, non-monetary policies, such as privileged ac-
cess to HOV lanes, are positively correlated with HEV sales.
We also found evidence that federal incentives are negative
relationship with HEV sales. Finally, we found DPM, which
is the operation cost for a vehicle, to be the most important
factor in the adoption of HEVs, which means that consu-
mers primarily consider how much they can save immediate-
ly when buying a HEV.

Second, in terms of socioeconomic factors, we found that
counties with more college graduates saw more HEV purcha-
ses. For the interaction terms of transportation mode and tra-
vel time to work, our estimation results show that travel time is
unimportant if it is less than 24 minutes or greater than 40 mi-
nutes; a county with more commuters driving alone is more
likely than other counties to see more HEV sales. In counties
with more people who commute through public transit with a
travel time to work of over 40 minutes, HEV sales are lower.

Finally, we considered the geographic patterns of HEV
sales, which has not been done before in the literature. The
GIS analysis showed that from 2005 to 2007, the coefficients
for all government policy variables on the West Coast are nega-
tive. The sign for the variables on the East Coast changed from
positive to negative from 2005 to 2007 and then became more
negative throughout 2007. Those negative signs indicate that
government policies in those areas were ineffective. We sus-
pect this trend to be the result of government support gradual-
ly being phased out.
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Local Indicator of Spatial Autocorrelation:
Toyota Prius Log Sales+1 2005
by Inverse Distance of Spatial Relationship

Panel A. Toyota Prius sales in 2005
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Panel B. Toyota Prius sales in 2006
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Panel C. Toyota Prius sales in 2007
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Fig. 4: Local indicators of spatial autocorrelation
Source: Made by the authors based at the data from R. L. Polk & Co.
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