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What Do We Do?

 How do consumers respond to a tax on Vehicle Miles Travel (VMT)?

 Empirical challenge: there are (almost) no taxes on VMT

 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)

• Pollution

• Global warming 

• Oil dependency/national security

• Traffic congestion

• Traffic accidents

• 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)

Gasoline-dependent

VMT-dependent



What Do We Find?

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

less and drive significantly more fuel-efficient cars

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

to a VMT tax than for those subject to a gas tax

1. In the expected direction

2. Small sample; noisy data



What does the literature tell us?
 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)



Our suggestion

 VMT tax on top of Fuel Tax

 Discourage (excessive) driving

 Encourage choice of fuel efficient cars



Why is it important?
 Theoretical model of optimal policy under gas externalities and VMT externalities

 First-best: tax each at marginal damage, no need to know demand elasticity

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

know the elasticity

 Gasoline tax only

 𝜏𝜏𝑔𝑔 = −𝑢𝑢𝐴𝐴𝐴𝐴′
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 uA: marginal utility on gasoline related externality
 uT: marginal utility on VMT related externality
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Data
 State-year-level toll road data from US DOT Highway Statistics

 Year 2009

 % of total road-miles that are tolled – proxy for VMT tax (cost)

 State level fuel price data from US DOE Energy Information Administration

 Combine with vehicle-level micro data from 2009 National Household Travel 

Survey (NHTS)

 134571 vehicles, 112130 non-missing data records

 Miles traveled

 Household demographic characteristics – age, gender, race, price of 

gasoline



Empirical Model – Toll Road Data

Where 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖: the ratio of toll road miles to total road miles in vehicle 𝑖𝑖’s state, 

𝑚𝑚𝑖𝑖: the tax-inclusive price of fuel faced by vehicle 𝑖𝑖

𝑋𝑋𝑖𝑖 is a vector of state, household, driver characteristics

𝑣𝑣𝑚𝑚𝑡𝑡𝑖𝑖 = 𝑎𝑎0 + 𝛼𝛼1 � 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 + 𝑎𝑎2 � 𝑚𝑚𝑖𝑖 + 𝜶𝜶 � 𝑋𝑋𝑖𝑖 + 𝜖𝜖𝑖𝑖

𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 � 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 + 𝛽𝛽2 � 𝑚𝑚𝑖𝑖 + 𝜷𝜷 � 𝑋𝑋𝑖𝑖 + 𝜇𝜇𝑖𝑖

On vehicle-level data 



Summary Statistics



Model Estimates 
𝑣𝑣𝑚𝑚𝑡𝑡𝑖𝑖 = 𝑎𝑎0 + 𝛼𝛼1 � 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 + 𝑎𝑎2 � 𝑚𝑚𝑖𝑖 + 𝜶𝜶 � 𝑋𝑋𝑖𝑖 + 𝜖𝜖𝑖𝑖



Model Estimates 
𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1 � 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 + 𝛽𝛽2 � 𝑚𝑚𝑖𝑖 + 𝜷𝜷 � 𝑋𝑋𝑖𝑖 + 𝜇𝜇𝑖𝑖



Oregon Road Usage Charge Program

 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; 

2) Road Usage Charge Pilot Project: 2012 - 2013



Oregon VMT tax pilot data
 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

 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

 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

Note [a]: Normalized to a year
[b]: N – total number of participants, n – number of participants with available data



Correlation between VMT and MPG, 
VMT-tax pilot group vs NHTS data
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Correlation between VMT and MPG, 
VMT-tax pilot group vs NHTS data

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



Conclusion

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

in the expected way to VMT pricing

 Oregon pilot data analysis yields “expected” result

 Suffered small, biased sample

 Extensions

 Toll data at MSA level, more years

 Toll rates
 Leased cars as proxy for VMT pricing
 VMT pricing in Singapore, Hong Kong
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Thank You!

 Questions?

 Comments?



Appendix



Economic Models
Agent’s utility:

Where:

g consumption of gasoline/fuel,  

m is the number of vehicle miles traveled (VMT),  

Um >0 Umm <0, Ug >0, Ugg<0, Umg >0

,

𝑈𝑈(𝑚𝑚,𝑚𝑚)



Economic Models
Agent’s utility:

Where:

c consumption of a numeraire good,  

m is the number of vehicle miles traveled (VMT),  

A is a public good (externality) related to gasoline 

consumption 

(e.g.  air quality or climate change), 

T is a public good (externality) related to VMT 

(e.g. traffic congestion or the accident rate)

,



Economic Models
The agent's budget constraint is

,

Where:

pg : gasoline price (an exogenous)

tg : gasoline tax

τm : 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



Economic Models
Agent’s Choice:

𝑉𝑉 𝜏𝜏𝑔𝑔, 𝜏𝜏𝑚𝑚, 𝑟𝑟,𝐴𝐴,𝑇𝑇

= max
𝑚𝑚,𝑔𝑔,𝑚𝑚𝑚𝑚𝑔𝑔,𝑐𝑐

𝑢𝑢 𝑚𝑚, 𝑐𝑐,𝐴𝐴,𝑇𝑇 + 𝜇𝜇 𝑚𝑚 −𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑚𝑚 + 𝜆𝜆[𝑦𝑦 − 𝑐𝑐 − 𝑚𝑚 � 𝑚𝑚𝑔𝑔 + 𝜏𝜏𝑔𝑔 − 𝑚𝑚 � 𝜏𝜏𝑚𝑚 + 𝑟𝑟 − 𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚 ]

Value function

𝑢𝑢𝑚𝑚 = 𝑢𝑢𝑐𝑐 �
𝑚𝑚𝑔𝑔 + 𝜏𝜏𝑔𝑔
𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑢𝑢𝑐𝑐 � 𝜏𝜏𝑚𝑚

𝑓𝑓′ 𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑔𝑔 + 𝜏𝜏𝑔𝑔 �
𝑚𝑚

𝑚𝑚𝑚𝑚𝑚𝑚

FOCs



Economic Models



Economic Models
Social Planer problem 𝜕𝜕𝑉𝑉

𝜕𝜕𝜏𝜏𝑔𝑔
= −𝜆𝜆 � 𝑚𝑚

𝜕𝜕𝑉𝑉
𝜕𝜕𝜏𝜏𝑚𝑚

= −𝜆𝜆 � 𝑚𝑚

𝜕𝜕𝑉𝑉
𝜕𝜕𝑟𝑟 = 𝜆𝜆

𝜕𝜕𝑉𝑉
𝜕𝜕𝐴𝐴 = 𝑢𝑢𝐴𝐴

𝜕𝜕𝑉𝑉
𝜕𝜕𝑇𝑇 = 𝑢𝑢𝑇𝑇

𝜏𝜏𝑔𝑔 � 𝑑𝑑𝑚𝑚 + 𝑚𝑚 � 𝑑𝑑𝜏𝜏𝑔𝑔 + 𝜏𝜏𝑚𝑚 � 𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑑𝑑𝑚𝑚 + 𝜏𝜏𝑚𝑚 � 𝑚𝑚 � 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑚𝑚 � 𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑑𝑑𝜏𝜏𝑚𝑚 = 𝑑𝑑𝑟𝑟.

𝑑𝑑𝑉𝑉 = 𝜆𝜆𝜏𝜏𝑔𝑔𝑑𝑑𝑚𝑚 + 𝜆𝜆𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑑𝑑𝑚𝑚 + 𝜆𝜆𝜏𝜏𝑚𝑚𝑚𝑚 � 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑢𝑢𝐴𝐴𝐴𝐴′ � 𝑑𝑑𝑚𝑚 + 𝑢𝑢𝑇𝑇𝑇𝑇′ � 𝑚𝑚 � 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑚𝑚𝑚𝑚𝑚𝑚 � 𝑑𝑑𝑚𝑚

𝜏𝜏𝑔𝑔 = −
𝑢𝑢𝐴𝐴𝐴𝐴′

𝜆𝜆

𝜏𝜏𝑚𝑚 = −
𝑢𝑢𝑇𝑇𝑇𝑇′

𝜆𝜆



a: compared to Graduate and professional degree
Significant level:  * at 0.05;    **: at 0.01;    ***: at 0.001;     ****: < 0.0001

Full Model Estimates 



a: compared to Graduate and professional degree
Significant level:  * at 0.05;    **: at 0.01;    ***: at 0.001;     ****: < 0.0001

Full Model Estimates 



a: compared to Graduate and professional degree
Significant level:  * at 0.01    **: at  <0.001.

Full Model Estimates (Clustered Robust SE) 



a: compared to Graduate and professional degree
Significant level:  * at 0.05;    **: at 0.01;    ***: at 0.001;     ****: < 0.0001

Full Model Estimates (Clustered Robust SE) 



Improvements in Vehicle Fuel Efficiency
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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
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