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~ ~What Do We Do?

e How do consumers respond to a tax on \Vehicle Miles Travel (VMT)?
e Empirical challenge: there are (almost) no taxes on VMT
e Two solutions:

1. Toll roads as a proxy for VMT pricing

2. Oregon experimented with a pilot VMT tax program



~—Motivation —

« Externalities from Automobiles/Driving (Parry et al. 2007, JEL)

e Pollution

e Global warming — Gasoline-dependent

» Oil dependency/national security =
» Traffic congestion
« Traffic accidents } 1 Cependent
« Optimal policy includes a tax on gasoline and a tax on VMT
* \We know a lot about consumers’ response to gasoline taxes
 Intensive margin — miles traveled
» Extensive margin — fuel economy of vehicle
» Less is known about consumers’ response to VMT taxes (no

empirical data under VMT tax)



~What Do We Find?

e Drivers in states with a higher proportion of toll roads drive significantly

less and drive significantly more fuel-efficient cars

e Correlation between MPG and VMT is different for Oregon drivers subject

to a VMT tax than for those subject to a gas tax
1. Inthe expected direction

2. Small sample; noisy data



/WOGSth e literaturetellus?

Direct tax on vehicle emission is not cost-effective (Fullerton and West 2010)
Taxing fuels is compromised by agent’s driving less with gas guzzlers (Greene 2011)

Fuel Economy standard (CAFE) is compromised by agent’s driving more with fuel

efficient cars (Greene 2008)

Tax on VMT, has been on policy makers’ table and drawn congressional attention

(McMullen, Zhang et al. 2010, Greene 2011), can correct rebound effects

VMT tax alone will not provide efficient instrument to correct most of the

automobile externalities (Caroll-Larson and Caplan, 2009)

VMT tax will be slightly more regressive than the fuel tax, rural households

benefit relative to urban households under a VMT tax (McMullen et al. 2010)

A VMT tax schedule - Indexed Roadway User Toll on Energy (IROUTE) (Greene

2011)
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~Our suggestion =

e \VMT tax on top of Fuel Tax
e Discourage (excessive) driving

e Encourage choice of fuel efficient cars
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Why s Tt imporanty —

e Theoretical model of optimal policy under gas externalities and VMT externalities
e First-best: tax each at marginal damage, no need to know demand elasticity

e Second-best: if only one instrument (e.g. a gas tax) to target both externalities, need to

know the elasticity

e Gasoline tax only

uyA’ urT’

el e 0

« U,: marginal utility on gasoline related externality
« U marginal utility on VMT related externality
e VMT tax only

= _ugd’ mpg Ul
m 2 1+m-dmpg 3

mpg-dm




P Tia =

e State-year-level toll road data from US DOT Highway Statistics
e Year 2009
e 9% of total road-miles that are tolled — proxy for VMT tax (cost)
o State level fuel price data from US DOE Energy Information Administration

e Combine with vehicle-level micro data from 2009 National Household Travel
Survey (NHTS)

e 134571 vehicles, 112130 non-missing data records
e Miles traveled

e Household demographic characteristics — age, gender, race, price of

gasoline
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~— Empirical Model — Toll Road Data

On vehicle-level data

vmt; = ag + aq - toll; +a, -p; + a-X; + €

mpgi =Po+ P1-tolli+ By pi+ B Xi+

Where
toll;: the ratio of toll road miles to total road miles in vehicle i’s state,
p;: the tax-inclusive price of fuel faced by vehicle i

X; Is a vector of state, household, driver characteristics



Summary Statisties——

/

Level Variable N mean Std. dev. minimum median Maximum
state Toll Road Milesy 50 0.1367 0.2303 0 0.0027 0.86286
State Has Toll Road 50 0.54 0.5035 0 1 1
Total Road Miles (k miles) 50 g0.98 53.527 4,37 80.658 310.85
Price of Gasoline, regular grade 50 2.271 0.1388 2.07¢ 2428 2.843
vehicle Est. AZnnual VMT 1323596 11183.41 T655.8972 0 5842.11 50000
Gasoline eqg. MPG 132204 21.305 6.211 5.9 20.86 117
Household incoms level 124154 11.32% 5.4537 1 1z 13
Household size 134571 2.376 1.2274 1 2 13
Number of Vehicles in Household 134571 2.13¢ 1.0758 0 b 27
Age of driver 121087 57.58¢6 15.7855 15 S8 52
Household in Urban 134570 0.705 0.4561 0 1 1
Race of Driver 134571 0.871 0.335 0 1 1
Female Driver 121057 0.587 0.450¢ 0 1 1
Education Level
Highest Grade completed Frequency %
Less than high school 7137 5.30
High school graduate 31154 23.18
Some college 35020 2e.0Z2
Cocllege graduate 265413 15.73
Graduate or Professional desgres 20135 14.5¢6
Missing 14537 10.80




~— Model Estimates

vmt; = ag+ aq - toll; +a, -p; +a- X; + €

Parameter Annual VMT]
Intercept 11034.58 16200.93 22059.47 21989.826
(177.569) *=* (1311.77a)** (456 .3609) %% (456.742) **
Toll Road Miles: -89%9¢.16 -1035.27 -518.82
(523.176) (402 .873)* {149.584) *
Std. Toll Road Miless -118.73
(34.225)«*
Price of Gasocoline, regular grades —-2363.42 -3229.35 —-3229.35
(583.0915) ** (198.197) %% (198.197) **
Total Road Miles (k miles) 1.405 1.376 1.37¢
(0.6416)* {0.3811) ** (0.3811) =~
Household Characteristics and
Driver Demographicsts! Yesglkl Yes Pl

Note: Clustered robust standard errcr in parentheses

Statistically significant at: * 0.01 level, ** < 0.001 level

[a]l: Predictors are: Household income levels, Housshold size, Number of Vehicles in Household,

Household in Urban, Race of Driver, RAge of driver,
[b]l: 211 are statistically Significant at 0.001 level.

Females Driver,

and Education Levels.



/mel Estimates

mpg; =pPo+ By -toll;+ B, -pi+ B X+

Parameter ETA Derived Gasoline-equivalent MPG
Intercept 21.07 12.28 17.03 17.13
(0.059) ** (0.992) ** (0.966) * (0.954)%w
Toll Road Miles$ 0.87 0.71 0.75
(1.005) (0-400) (0.325)*
Std. Toll Road Miles% 0.17
(0.074)*
Price of Gasoline, regular grade 4.04 3.28 3.28
(0.438) ** (0.445) % (0.445)%*
Total Road Miles (k miles) -0.003 -0.003 -0.003
(0.0004)** (0.0005) ** (0.0005) **
Household Characteristics and YESIRI YES®]
Driver Demographics!2]

Note: Clustered robust standard srror in parentheses
Statistically significant at: * 0.01 level, ** < 0.001 level
[a]l: Predictors are: Household income lewvels, Hcousehold size, Number of Vehicles in Housshold,
ﬁousehold in Urban, Race of Driver, Age of driver, Female Driver, and Education Levels.
[B]: 211 are =tatistically Significant at 0.001 lewel.
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* Oregon Road Usage Charge Program—

e Oregon pilot VMT tax program

1. To provide supported evidence for replacing fuel tax by VMT tax in

raising highway maintenance fund
2. Vehicle owners are charged by miles driven in lieu of fuel tax
3. Two pilot studies
1)  Road User Fee Pilot Project: 2006 - 2007;

)  Road Usage Charge Pilot Project: 2012 - 2013



—Oregon VMT tax pilot data

e Data of pilot 2012-2013 from the office of Road User Charge Program,
Oregon DOT

1. Vehicle type, model, year

2. Odometer (miles) readings before and after program
e Empirical strategy: Regress VMT on vehicle fuel economy (MPG),
separately for those (small number) in the VMT tax pilot program and for

all other Oregon drivers from the NHTS

e Hypothesis: for those facing VMT tax instead of gas tax, the correlation

between VMT and MPG is weaker



——Summary Statistics
Oregon Road Charge Program Data
In-program Vehicles vs NHTS Vehicles

=

In-program Vehicles 2009 NHTS Vehicles

n/N [Pl Mean Std. dev. N mean std dewv
Annual VMT 12|/45 gp13.3lal 4438.30 238 g881.1 c0E85.45
EPA MPG Z6.08 6.731 27.289 B.675

Note [a]: Normalized to a year
[b]: N — total number of participants, n — number of participants with available data
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- VMT-tax pilot group vs NHTS data
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~_Correlation between VMT and MPG
VMT-tax pilot group vs NHTS data

Correlation
coefficients In program Vehicles 2009 NHTS Vehicles
(p-wvalues) Annual VMT EFE MPG Annual VMT EFR MEG
Annual VMT 1.0 —-0.00045 1.0 0.13550
(0.9989) (0.0315)
EPL MPG 1.0 1.0

Those drivers facing VMT tax instead of gas tax, the correlation
between VMT and MPG is weaker



Ponciision 00— —

e Toll road data give some (weak) evidence that consumers respond

In the expected way to VMT pricing
e Oregon pilot data analysis yields “expected” result
e Suffered small, biased sample
e Extensions

e Toll data at MSA level, more years

e Toll rates
e |_eased cars as proxy for VMT pricing
e VMT pricing in Singapore, Hong Kong
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e Questions?

e Comments?

Thank Youl!
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Economic Models
Agent’s utility:

U(m, g)

Where:
g consumption of gasoline/fuel,
m is the number of vehicle miles traveled (VMT),
=0 U0l =002t =m0



Economic Models

Agent’s utility:
U=u(cmAT)

Where:
c consumption of a numeraire good,
m is the number of vehicle miles traveled (VMT),
A isa public good (externality) related to gasoline
consumption
(e.g. air quality or climate change),
T isapublic good (externality) related to VMT

(e.g. traffic congestion or the accident rate)
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— Economic Models

The agent's budget constraint is
y=c+g-(p, +1,) +mpg-g-t,, + f(mpg) —r

Where:

p, : gasoline price (an exogenous)

t, : gasoline tax

7. VMT tax

mpg: fuel economy in miles per gallon
g: gasoline consumption

m: miles drive, m = g-mpg

r : transfer to the consumer from the government
B omar e



Economic Models
Agent’s Choice:

Value function
V(Tg, T T4, T)

= maxsnnc A e mpgs gl A e g s (e et e P g

mgmpg,c

FOCs

f'(mpg) = (pg + 74) -mipg



~— Economic Models

: av :
The second-best gasoline tax sets o equal to zero. Itis
g

ugA' upT’ ( nmpgg)
Ty = — — -mpg - |1+———
g A A Nag

_dmpg Tg
where 0,09 = dtg mpg

1s the elasticity of mpg demand with respect to the gasoline tax and

d : . : : :
Ngg = f%} 1s the elasticity of gasoline demand with respect to the gasoline tax.
g



— Economic Models
Social Planer problem =
e
av
P =—1-m
av
o =74
av
94~
av
ar = ur

Tg-dg+ g -dig+ Ty, -mpg-dg+ 1,9 -dmpg+g-mpg-dt, =dr,

dV = Atydg + At,ympg - dg + Atpng - dmpg + ugA’ - dg +urT' - (g - dmpg + mpg - dg)

U,AA’
U
urT’

Tm 1



=
Full Model Estimates /

/ Parameter

Estimated Annual Nhiles
Intercept 112833_10 16125 _ 57 2Z0Z25_5%5 21530_77
[Z€.£4085) +&2 [421_55EE) 4L L s (484 _ ZAGA}LLLL [482_.328¢)++ss
Toll Boad Mil==k —&37_854 -733_.101 —-263_.5%4
(104.8300) +&s= [105. 6111 ) ++2= {111._0038)++
3td. Toll BRoad Hile=® -33.1%82

Frice of Gamoline, regular grade

Total Foad Mil==s (k milas)

Hou=rehold income level

Houzehold sige

Humber of Vehicle=s in Household

Hou=ehold in Urkan

Race of Driver

Age of driver

Female Driwver

Education Lews=l 2

Le==s than high =chool

High =school Graduate

Some college

College de=gree

-3185.04
(200.8156) 24+

1.€73
{02740} 4442

lgz. €02

15.0872)++++

S52&.517
|22 .3347) 442

—-7Z.403
{23.7840) ++

-1442.14
140 _T1BE) L4+

252.561
{8E.9695) +++

-53.305

sa s a1l
{1.7181}

-TET_T02

{44 _DESG) L+

-EE65. 642
(114._0987) 4+

-E82.476
{TE.ZEZO)+4ss

-167._.143
{60 E3E1)+

-Z0E_355
171.0943) 44t

[25.3881)++

-3182.04
[200.58188) +++x

1.€673

[(0.Z2740) ++++

132 .&02

[5.0872)++++

336.517

[22.3347) ++++

-1442 .18

=T&7_TO2
{44 .565D) L4+t

-665. 642
[114._0287)+++*

—-£23.478

[T4.2620) ++++

-1€7.143
[E€3.6261) +

-226.355
[71.0543) ++ts

a: compared to Graduate and professional degree

Significant level: * at 0.05;

SRRI0N | B0 T{0) anmarakin

at 0.001;

**EE: < 0.0001



Full Model Estimates

/ Parameter ETA Derived Gasoline-equivalent MPG

Intercept 21.177 12 202 1&6.586 17.118
{(D.0Z2Q) 44+t [(3.3551) +=x2 {0.49114) ++++ {0.4088) +++2
Toll Boad Mil=sk 0.821 1.020 0.5&4
{D.0BE3) ++t+ (Q.DEED) +222 {0.0543) ++++
Jtd. Toll Foad Mile=# 0D.221

{O.0Z1E) 4+t

Price of Gasoline, regular grade 4_1232 2.33z2 2.33z2
(3.15688) +++= {0.1707) ++++ {(0_1707) 4+t
Total Boad Milas (k milas) =0_002 -0._.4aad2 -0._0a2
(3_0002) Less {0.0002) -+ttt (00002} 4+t
Hou=ehold income level o._046 O0.04¢&
{0.0043) ++++ (0D.00g3) +++
Hou=mhold =izs= -0.172 -0.172
{0.0150Q) +++t {0_0190) 4+t
Humber of Vehicles in Houss=hold -0.132 -0.132
{0.0Z02) ++++ {O_.0Z0Z) ++++
Hou=mhold in Orkan o.1748 178
{0.0422) ++tt {0_0ez2) 4+
Race of Driwer -0 0E7 —-0.0&7
[0.0536) {0.038&}
Age of driver -0.0337 -0._.0a7
{0.0015) +++t {0._0015) 42+t
Female Drivex 1.081 1.081
{0.02g2) ++++ {0022}~
Education Lew=l * -2_30& -2 _320&
{0.08s70Q) ++++ {0._0970) ++++
Le=s= than high =chool —Z2.075 -Z.073
{0.0&31) ++++ {00821} ++++
High school Graduate -1_.55 -1.551
{0.0382) ++++ {0._0582) ++++
Some colle=ge -0.550 —-0.550
{0.0&04) ++++ {OD.0E804g) ++++

College deqree

a: compared to Graduate and professional degree
Significant level: *ato.05; **:ato.01; ***:ato.001; ****:<0.0001



Fu

todel Estimates (custered Robust SE)

Pargmetsr Bzt Extimated Annuwal Milez
Intac-capt 11034.5B 16200.33 ZI0E5.47 Z1585.BE
[(A77.563}=+ ([1311.7THE}** ([485E6_.363}** [4B56_T4Z}=+
Tall Read Milaoh -336.18 -1335_27 -513.32
[(523_17&} (ROZ.873)+* (ld5. . 5Bd) *
td. Tall Read Milaoh -113.73
[B&.225}=
Frica of Zagolina, sagqulas g-ada 357 _0E 311.33 1ZE. 44 1ZE. 44
[(313.154} {1T1L.T7753) [15Z_673} [15Z_673}
Total Road Milas (k milaa) -2383 .42 -3Z225. 3% -3Z225. 3%
|EEZ.S1E) = [(133_137}=*+ ([133_.137}=~
Howsahald insooa laswsal 1.40E 1.378 1.378
{OD.Ed1E) * {0.32B11) % {0.32B11) %
Howgaheald siza 1BZ.132 1BZ.132
[T_-352} == [T_-352} ==
Numbar- of Vahiclas in Howsahold E3E.EEB E3E.EEB
(E23 . Z17)m= (E23 . Z17)m=
Howsahald in T-oban -73_0Z -73_0Z
[(26_466} " [(26_466} "
Rara af Doiwac -l440.44 -l440.44
(BE.1BZ) ™+ (BE.1BZ) ™+
hga of doiwvacs ZE3_3E ZE3_3E
(72, 545 == (72, 545 ==
Famala Doiwvac -53_3Z -53_3Z
1.331} =+ 1.331} =+
& -TE3.01 -TE3.01
Edurcatisn Lawal
(EL . ET0) & (EL . ET0) &
Laga than high acshoal -86T .33 -86T .33
(EZ. 572 o (EZ. 572 o
High gchool Qeoaduata —-B30.35% —-B30.35%
(E3 . BET) = (E3 . BET) =
3004 oollaga -163.38 -163.38
[(53_5240}+ [(53_5240}+
Collaga dag-ada -Z33 .34 -Z33 .34

[(83.107}~

[(83.107}~

a: compared to Graduate and professional degree
Significant level: *ato.o1 **:at <o.o01.



FU” MOdelEStimatei(Med Robust SE)

Parsmeter EIA Dermved Grzoline-equivalent MPG
Intac-capt 21.07 1Z.ZE 17.03 17.13
[Q.053}*" {(D.55F)%% (0.5EE) == (0.55q) ==
Teoll Road Milaah o.e7 a.T1 Q.75
1.005} §0.400) [Q.3Z5}~
3td. Toll Road Milaoh Q.17
[(Q.0T4} =
F=iza af Sasaling, -agulas g-ada 0.17 0.3z 0.2%2 0.z2
[0.3&8] [(Q.151}~ {0.1EE) {0.15E)
Total Road Milas (kK milaa) 4.04 3.Z3 3.23
(0.a3g) (D.dq5)u* (D.dq5) ==
Hougahald incoga lasw-al =3.003 =-0.a03 =0.003
[(Q.Q004}== [Q.0005}=+ ([0.0005}""
Hougahald siza Q.05 a.0%
(0.00E) == {0.00E) ==
Numbaes of Tahiczlag in Houwsahold =-0.17 =0.17
(0.025) = (0.025) %=
Hougahald in U=kan -0.13 -0.13
§{0.0Z0) == (0.020) ==
Raca of Deolwacs a.13 a.13
[0.0T70}= [(Q2_a7Ta}+
Rya of d-iwas -0.D5 -0.0E
{0.0BZ) {0.0BZ)
Famala Dolwacs -0.04 -0.04
(D.0D02)** (D.ODD2)**
a - -
Edusatisn Lawal 1.0 1.08
{0.0B3) %= {0.0B3) ==
Laga than high achoal -2.31 -2.31
(0.155) %= {0.155) ==
High gohasl S-aduata -2.07 -2.07
§0.143) %= §{0.143) ==
Soma oollaga -1.EE -1.EE

(0.1dE) == (0.14E) ==

-0.55

el §{0.120) ==

Collage dagoad

(=111
e 111

=0.
§{0.12

a: compared to Graduate and professional degree
Significant level: *ato.05; **:ato.01; ***:ato.001; ****:<0.0001



~ Improvements in Vehicle Fuel Efficiency

Average US Light Duty Vehicle Fuel Efficiency

30.0
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Year

Data source:


http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_04_23.html

e e e

| / o =
~— Downfalls of CAFE standard

Due to improved vehicle fuel economy

1. Rebound effects: agents save fuel cost, however drive more, damage road more

2. Less fuel tax revenue to fund road development and maintenance

US Averge Vehicle Travel Miles
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