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SUMMARY  

Motor fuel tax revenue currently supplies the majority of funding for 

transportation agencies at the state and federal level.  Georgia uses excise and sales taxes 

to generate revenue for the Georgia Department of Transportation (GDOT).  Inflation and 

increases in vehicle fuel efficiency have reduced the effectiveness of these taxes in recent 

years.  These changes have resulted in drivers purchasing less fuel and generating less 

fuel tax revenue, which weakens GDOTôs ability to maintain Georgiaôs transportation 

assets.  This thesis uses literature from regional and state agencies, academic reports, and 

databases to identify factors that affect motor fuel tax revenue and then creates a model to 

predict Georgiaôs fuel tax receipts in 2020 and 2030.  It also discusses and evaluates other 

transportation funding mechanisms that could replace or supplement the fuels tax and 

recommends how best to implement these strategies. 

In Georgia, fuel tax revenue is based on fuel consumption, which is directly 

affected by vehicle miles traveled (VMT) and fuel efficiency, and fuel price.  Several 

forces influence VMT and fuel efficiency including demographic factors such as 

population density and persons per household, economic factors such as, income 

distribution and GDP, and technological factors such as alternative vehicle development.  

The model incorporates these factors and their interactions by segmenting vehicles into 

four classes: personal vehicles, single-unit trucks, combination trucks, and transit 

vehicles, and then creating unique forecasting frameworks for each segment. 

The model first calculates 2009 VMT and revenue to compare these projections 

with known values to validate the modelôs logic and create a baseline for projecting 

future revenue.  Then, the 2009 modelôs conceptual framework and additional variables 



xix 

are used to project future fuel tax revenue. The model calculates revenue from personal 

vehicles using a proportional categorical method that uses income as its main explanatory 

variable as well as user-prompted variables in post-processing.  Freight revenue is 

calculated using historical VMT-GDP relationships in combination with other user-

prompted inputs.   

Because of the modelôs input-output nature, users can create a virtually limitless 

array of revenue projection scenarios for 2020 and 2030.  To show a probable range of 

these outputs, conservative and aggressive scenario outputs are presented and discussed 

for each year.  These revenue outputs are compared against the 2009 values on an 

absolute, per-capita, and per-mile basis.  The results indicate that real revenue will 

increase from 2009 to 2020 but actually decline between 2020 and 2030 due to fuel 

economy improvements and widespread use of alternatively fueled vehicles. 

To counteract these potential revenue declines, this document discusses methods 

of increasing fuel tax revenue, including increasing the current fuels tax and/or linking it 

to inflation, VMT-fees, widespread tolling, and regional transportation sales taxes.  Each 

of these mechanisms has advantages and drawbacks, depending on an agencyôs overall 

set of objectives.  After evaluating each method, the author recommends first evaluating 

Georgiaôs upcoming regional transportation sales tax, and then aiming to implement a 

VMT-fee by 2020 by conducting extensive trials and public involvement.  Regardless of 

what specific steps Georgiaôs leaders take, change will be needed to maintain Georgiaôs 

infrastructure and its economic competitiveness. 
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CHAPTER 1  

INTRODUCTION  

1.1 Research Background & Motivation  

Motor fuels taxes are currently the major funding source for transportation 

agencies at both the federal and state levels.  These taxes are levied on a per-gallon basis 

(excise taxes), as a sales tax, or as a combination of both.  Georgiaôs state motor fuels tax 

incorporates both of these collection methods, with a 7.5¢/gallon excise tax rate and a 3% 

sales tax on wholesale fuel.  An additional 1% sales tax is levied on the sale of motor 

fuels toward Georgiaôs general fund (1).  Figure 1 illustrates motor fuels tax collection in 

Georgia. 

 

Figure 1: Georgia Motor Fuels Tax Collection  

From a transportation agencyôs perspective, it is important to identify those 

factors that affect motor fuel tax revenue in order to budget for future transportation 

maintenance and rehabilitation projects.  Figure 2, for example, illustrates how vehicle 

miles traveled (VMT), vehicle fuel economy, and the prevailing fuel price can affect the 

magnitude of fuel tax revenue.   
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Figure 2: Factors Affecting Fuel Tax Revenue 

This budgetary and allocation process has major safety implications throughout the 

nation where many bridges and other assets are approaching or have exceeded their 

design lives. 

Fuel prices drive fuel tax revenue in two ways: the amount generated from the 

sales tax and the impact on overall demand via elasticity.  Thus, rising fuel prices 

increase sales tax revenue for the agency on a per-gallon basis, but decrease the number 

of gallons purchased due to fuel-price elasticity, as consumers respond to increasing 

prices in the short term by purchasing less gasoline.  Figure 2 also indicates that 

increasing VMT leads to increasing fuel tax revenue, as more miles driven equates to 

more gallons of fuel purchased, and indicates that increasing vehicle fuel economy leads 

to decreasing revenue, because vehicles can travel the same distance on less fuel.   
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Figure 3 shows historical VMT trends from 1971 to mid 2011.  As shown, 

aggregate yearly VMT increased nearly monotonically from 1971 to 2008; however, the 

figure also shows that the economy influences VMT, as VMT stagnated or decreased 

during every recessionary period during the past 40 years.  In terms of travel behavior, it 

is also important to note that nationwide VMT growth began stagnating in 2005 well 

ahead of the most economic recession that began around 2008.  Understanding why VMT 

growth has slowed, and if this pattern will continue, is important in projecting fuel tax 

revenue in Georgia.   

Fuel economy is the second component that influences the amount of fuel 

consumed at both the individual and aggregate levels.  Until fuel prices reached those 

seen in 2008, fuel economy had remained largely unchanged for many years and had 

received little push from either manufacturers or consumers.  In conjunction with this, the 

Corporate Average Fuel Economy (CAFE) standards for passenger cars remained at 27.5 

Figure 3: Historical U.S. VMT Trend from 1971-2011 with Associated Economic 

Recessions (68) 
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mpg from 1992 to 2010, and the CAFE standard for light duty vehicles remained constant 

at 20.7 mpg from 1996 to 2004 (2).  However, manufacturers, consumers, and the 

government have all responded to higher fuel prices in recent years.  The market has 

responded to consumers demands for more fuel-efficient vehicles by creating new 

vehicles technologies such as improved hybrid, and plug-in hybrid electric vehicles 

(PHEVs). These new technologies now even apply to sport-utility vehicles (SUVs), and 

luxury vehicles.  The Chevrolet Volt and Nissan Leaf are two vehicles that illustrate these 

new technologies.  The federal government has increased the CAFE standards for future 

years, with a 35.5 mpg standard in place for 2016 and a 54.5 mpg standard for 2025 that 

has been published for public comment (2).  Such fuel economy mandates would 

drastically improve the fuel economy of the nationôs and Georgiaôs new vehicles, while 

also providing environmental and energy security benefits.  Future research is ongoing to 

develop other vehicle technologies such as hydrogen fuel cell vehicles (FCV) that would 

also further reduce per-capita gasoline consumption (3). 

Reduced growth in VMT and rapidly increasing fuel economy could have 

significant impacts on fuel consumption and thus fuel tax revenue.  Under the current fuel 

tax structure, as more alternative fueled vehicles enter the nationôs fleet, Georgians will 

consistently generate less per-mile fuel tax revenue.   Agencies must understand long-

term VMT and fuel economy trends and the effect of these trends on providing the 

necessary funds for system maintenance and where necessary, capacity expansion. 
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1.2 Study Overview 

This thesis identifies those factors that affect highway revenues in the state of 

Georgia, produces a conceptual framework depicting how the key factors that influence 

highway revenues are interrelated, and develops a model that projects future motor fuel 

tax revenue in Georgia in 2020 and 2030.  The model is designed to be an input-output 

tool that allows the model user to quickly and easily change the values of model inputs to 

observe how changes to the different input factors result in various revenues.  The user 

can use the model and its results to understand which factors will significantly affect 

future motor fuel tax revenue.  In addition to the motor fuel tax revenue projections, this 

study also examines other transportation revenue mechanisms that could replace or 

supplement the motor fuel tax in Georgia, and the implementation strategies and barriers 

associated with each mechanism.  This research offers a long-range budgetary planning 

aid to help policymakers understand how external factors may affect transportation 

revenue in the coming decades, and to provide alternatives to the current funding 

methodology to help ensure that transportation agencies have the funds necessary to 

maintain and expand their transportation assets. 
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CHAPTER 2  

LITERATURE REVIEW  

This review is prior work in this area organized by source, including Metropolitan 

Planning Organization (MPO) and state Department of Transportation (DOT) plans, 

government and academic publications, futurist projections, databases, and Georgia DOT 

(GDOT) brochures and reports.  The sources describe factors that will affect future VMT, 

future fuel economy and vehicle technologies, they discuss past examples of motor fuel 

tax projections, and analyze the potential of alternative transportation funding 

mechanisms.  The geographic and source variety of literature helped to ensure that the 

study incorporated ideas from across the national transportation spectrum.  The literature 

review covers the following sources: 

¶ MPO Regional Transportation Plans 

¶ Statewide Transportation Plans 

¶ REMI Output 

¶ Government Reports 

¶ Academic Publications 

¶ Futurist Books 

¶ Databases 

2.1  MPO Regional Transportation Plans 

Regional Transportation plans offer insight into how transportation and planning 

experts and government officials view the future of transportation related issues such as 

population growth, job growth, and transportation system expansion at the regional level.  

The federal government mandates that every MPO produce a regional transportation plan 

and that it clearly identifies a metropolitan regionôs transportation strategic plan for the 
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next two to three decades.  These regional plans are then coordinated with a regionôs 

Transportation Improvement Program (TIP), which identifies particular transportation 

projects that regional agencies will implement in a 3-5 year horizon.   

This literature review centers on the strategies listed in the Atlanta Regional 

Commissionôs (ARC) 2030 and 2040 regional transportation plans, while also surveying 

trends and objectives of other citiesô regional transportation plans.  Although the 

particular attributes and data of other regionsô transportation plans, such as population 

growth, are not directly relevant to Georgia, the objectives presented in these other plans 

indicate policy measures that Georgia might consider adopting in coming decades. 

 Because most regional transportation plans are similar in structure, this review of 

non-Georgia regional transportation plans will discuss only the content that is unique and 

relevant to the objective of identifying factors that influence motor fuel tax revenue via 

either VMT or fuel economy. 

2.1.1 Atlanta ARC 2030 Regional Plan 

Atlantaôs 2030 Regional Plan was adopted in its final form in September of 2007.  

The 2030 plan discusses how the region would conform to the planning requirements 

stipulated by the then recently passed SAFETEA-LU federal legislation and how the 

authorization affected the regionôs goals.  Figure 4 shows the planôs projected spending 

distribution over the next 25 years, and that the majority of priority area funding would 

be spent updating and optimizing current transportation assets. 
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Figure 4: ARC 2030 Regional Plan Priority Areas (4) 

The 2030 plan highlights the Atlanta regionôs rapid growth, as the Atlanta 

metropolitan area lead the nation in absolute population growth from April 2000 - July 

2006 (4). The plan stresses how this growth has strained the regionôs transportation 

system and how congestion will continue to increase if similar population growth 

continues.  The plan projects a 2030 regional population of just under 7 million residents, 

adding approximately 91,000 persons per year during this period (4).  Within this 

projection, the plan also projects an increasing percentage of individuals in the 60+ age 

cohort, as shown in Figure 5. 

 

Figure 5: Historical and Projected Age Distribution in Atlanta Region (4) 
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The 2030 plan references an ARC Needs Assessment Report, which states that 

interstates in the Atlanta region are reaching their carrying capacity (4).  This conclusion, 

in combination with the high costs and difficulties associated with adding new highway 

capacity, prompted the region to pursue a multi-modal strategy to optimize the existing 

network.  Figure 6 represents the projected increase in travel time based on increases in 

congestion in 2030 versus 2005. 

 

Figure 6: Projected Travel Time Increases in the Atlanta Region (2030) (4) 

 The 2030 plan also briefly mentions the regionôs plans for expanded transit, 

bicycle, and pedestrian facilities in order to improve accessibility for those who cannot or 

do not want to drive and to mitigate future congestion increases. 

The plan recognizes the current as well as future congestion problems that face 

the region; however, it is limited in how it addresses solving these issues, relying mainly 

on building additional roadway capacity. 
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2.1.2 Atlanta (ARC) 2040 Regional Transportation Plan 

The 2040 Regional Transportation plan, completed on June 22, 2011, in its draft 

form, offers a more current analysis of Atlantaôs transportation needs than the 2030 plan 

described in section 2.1.1.  In addition to updated demographic data, it also more 

comprehensively treats the issue of sustainability, and offers more solutions to Atlantaôs 

transportation issues, such as a more detailed bicycle, pedestrian, transit expansion 

program, and alternative funding strategies like High Occupancy Toll (HOT) lanes. 

The 2040 plan mentions the following as reasons for the Atlanta regionôs recent 

population growth: national migration to the Sunbelt, inexpensive land, federal funding 

programs that support decentralized growth, access to Hartsfield-Jackson airport, low 

cost of living, and proximity to Fortune 500 companies, premier universities, and the 

Centers for Disease Control and Prevention (CDC) (5).  Figure 7 illustrates that ARC 

expects the regionôs population to exceed 8 million people in 2040, with the majority of 

the growth occurring in Fulton and Gwinnett counties. 

 

Figure 7: Projected Atlanta-region Population Growth through 2040 (5) 

 The 2040 plan states that significant growth will also occur in the ten counties 

that fall within the 20-county non-attainment region but outside of the 10-county MPO.  

This growth implies growth in the regionôs exurbs, possibly resulting in longer 
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commuting trips.  Many of these counties are currently predominantly rural but are likely 

to become more urbanized as the Atlanta regionôs population growth forces additional 

land consumption.  This increase in land development is likely to change travel patterns 

in these areas as well as strain infrastructure, as the roads in these areas were not 

designed for high traffic volumes. 

In addition, the 2040 plan updates the regionôs forecast congestion and the effect 

of this congestion on the local economy.  Figure 8 illustrates the impact of this congestion 

on regional travel times, and it shows that area residents will have to dedicate more time 

to travel and commuting if no improvements are made. 

 

Figure 8: Impact of Congestion on Regional Travel Times in 2010 and 2040 (ARC 

2040 Regional Transportation Plan) (5) 
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As was also mentioned in the 2030 plan, the 2040 plan predicts that a greater 

percentage of the regionôs residents will fall in the 60+ age bracket and explains how this 

demographic transition will result in additional special mobility and para-transit needs 

(5).   

In addition, increasing fuel costs will constrain individualsô housing choices, as 

these final costs represent an increasingly higher percentage of household budgets.  The 

plan also states that inexpensive suburban land and fuel costs have helped drive the areaôs 

population growth, but that increasing fuel prices could stifle this growth, as more distant 

inexpensive land translates to costly commutes. 

The 2040 plan includes steps to combat congestion and increasing fuel costs as 

well as improve the quality of life for its residents.  These steps include ideas such as 

greater accessibility to community resources via improved pedestrian facilities and more 

extensive bike routes with increased connectivity.  The plan also recommends new 

zoning requirements in the form of minimum development and population densities.  The 

plan also mentions implementing a State of Good Repair initiative to ensure that transit 

and road facilities are maintained, improved transit connectivity between housing and 

jobs, improved energy efficiency of transit vehicles, and establishing a regional economic 

growth strategy to re-invest in the regionôs transportation infrastructure (5).   

Finally, the plan mentions alternative roadway optimization mechanisms such as 

the newly implemented I-85 HOT lanes and other travel demand techniques, new forms 

(to the Atlanta region) of transit, such as streetcars and light-rail technology, and 

identifies specific interchanges throughout the region that could be redesigned to alleviate 

congestion (5).   
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The ARC 2040 Regional Transportation Plan is useful to the present study in that 

it identifies ARCôs most recently stated regional transportation goals and strategic steps 

planned to achieve these goals.  One must understand these goals and how they affect 

VMT and fuel economy when one creates a model to project these values. 

2.1.3 Columbus, Ohio 2030 (MORPC) Regional Transportation Plan 

Adopted in 2008, the 2030 Columbus transportation plan is similar in content and 

layout to ARCôs 2030 and 2040 regional plans, albeit with data specific to central Ohio.  

However, the Columbus plan differs from the ARC plans discussed in sections 2.1.1 and 

2.1.2 in that it more explicitly states an objective to reduce regional VMT.  In support of 

reducing VMT, the Columbus 2030 plan emphasizes sustainable transportation projects 

such as Complete Streets, which aim to encourage walking and biking and can help to 

promote higher population densities (6).  In conjunction with the Complete Streets 

concept, the Columbus plan re-evaluates walking behavior and outlines a strategy to 

incorporate pedestrian behavior into transportation system expansion. 

2.1.4 Chicago, Illinois (CMAP) 2030 Regional Transportation Plan 

The Chicago Metropolitan Agency for Planning approved the finalized version of 

Chicagoôs 2030 Regional Transportation Plan in October of 2008.  The plan provides 

explicit goals and the policy strategies for achieving these goals.  Both ARCôs 2030 and 

2040 plans, and Chicagoôs 2030 plan mention strategies such as increased walking, 

biking, and transit usage, real time travel information, and maintenance programs (7).  

However, Chicagoôs 2030 plan includes other directives not mentioned within ARCôs 

plans.  These include encouraging redevelopment and infilling unused land, aggressive 
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parking pricing, locally planned land-use patterns, location-efficient mortgages, and 

balanced zoning throughout the region to optimize overall travel patterns (7).   

Although Chicagoôs earlier development and dense land use resulted in a more 

transit-friendly environment than is seen in Atlanta, it is plausible that Atlanta could 

employ redevelopment and infill strategies and encourage more diverse land use.  Such 

initiatives would likely reduce VMT and affect fuel tax revenue in Georgia. 

2.1.5 Minneapolis, Minnesota (Metropolitan Council) 2030 Transportation Policy 

Plan 

The Minneapolis 2030 Transportation Policy Plan was adopted in November of 

2010.  It contains many of the same strategies listed by the Atlanta, Columbus, and 

Chicago MPOs in their transportation plans, which include neighborhood level zoning 

and planning, detailed bike/pedestrian and transit planning, more advanced pricing 

schemes for parking, better job accessibility to transit and housing, and congestion 

mitigation and travel demand management programs (8).  The Minneapolis plan differs 

from the previous transportation plans by more aggressively encouraging carpooling and 

vanpooling, advancing the preservation of future transit corridors, and promoting transit 

oriented development housing with a range of prices (8). 

From the initiatives outlined in their 2030 plan, the Metropolitan Councilôs 

transportation objectives are also likely to reduce VMT via a variety of measures, and the 

plan presents many explicit means of achieving such a reduction.  Many of these means 

correspond to similar ongoing transportation projects or plans in the Atlanta region, such 

as the Beltline and the Transportation Investment Act (TIA).  These projects aim to 
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preserve transit corridors, expand transit service, and incorporate technology to optimize 

and maintain Atlantaôs existing transportation network. 

2.1.6 2.1.6 Portland (METRO) 2035 Regional Plan 

Metro, Portlandôs MPO, adopted the 2035 Regional Transportation Plan in June 

of 2010.  Metro and the Portland region have a reputation for being a progressive 

transportation area, due to its regional growth boundary and other innovative planning 

measures.  It also has an extensive bike-lane network, a light rail and integrated streetcar 

transit network, and has highly integrated pedestrian access.  Because of this, the growth 

of per capita VMT has stagnated in the region, such that it is now 20% of that of 

comparably sized metro regions in the nation (9).  In conjunction with this reduction, one 

of the 2035 planôs explicit objectives is to ñreduce vehicle miles of travel.ò   

In defining performance objectives, Portland outlines volume to capacity 

guidelines and performance measures for different road types or regions.  Portland also 

sets mode share goals for different subregions as part of reducing drive-alone mode share 

and increasing biking, walking, and transit shares (9).   

Portlandôs 2035 plan also notes that the region will attempt to respond to climate 

change in future plans.  Because mobile-source emissions contribute greatly to climate 

change, this statement implies a desire to further reduce VMT.   

Many of the other regional transportation plans surveyed for this research list the 

strategies that Portland has employed during the past few decades; however, few U.S. 

cities have as much experience actually implementing these strategies as Portland.  The 

policies implemented in Portland over the past few decades evidence that these strategies 

can result in significant VMT reductions and thus reduced motor fuel tax revenue.  When 
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examined holistically, Portlandôs transportation planning policies are more innovative 

and far-reaching than those of almost any other region in the country.  Metroôs ability to 

enact such legislation is based partly on Oregonôs state government granting them the 

power to do so.  Thus, many legislative changes would need to occur for ARC and other 

Georgia MPOs to attempt to enact the policies seen in Metro.  However, the model 

described in Chapters 3 and 4 of this thesis will attempt to incorporate inputs to allow for 

the affects of such legislative changes in the future. 

2.2 State Transportation Plans 

Statewide transportation plans are similar to the regional transportation plans 

surveyed in section 2.1, although they approach transportation issues and solutions from a 

broader geographic perspective. Also, because state DOTs own infrastructure assets and 

MPOs generally do not, statewide transportation plans dedicate more attention to the 

condition of the bridges, roads, and other assets within a state. In particular, statewide 

plans can significantly influence travel behavior via investments and legislation.  Because 

of this, reviewing statewide transportation plans is important when projecting future 

travel behavior and ultimately, motor fuel tax revenue. 

2.2.1  Georgia 2035 Statewide Transportation Plan 

The Georgia 2035 transportation plan was finalized in January of 2006.  While the 

plan was finalized in early 2006, and therefore does not account for the events of the past 

six years, including the high and volatile fuel prices seen since 2008, the continued 

economic recession, and the accompanying high rates of unemployment, it still includes 

many transportation policies, plans and projections, specifically relevant to multi-year 

travel trends in Georgia.   
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One of the strongest VMT indicators for a given area is projected absolute 

population growth.  Figure 9 illustrates the 2035 planôs projected population growth by 

region within Georgia.  It is important to notice that the statewide plan projects the 

Atlanta region to have the highest absolute and percentage growth rate (10).   

 

Figure 9: Projected Population Growth (10) 

The Georgia statewide plan identifies the following factors that could affect future 

economic growth: military spending, global recession, increasing fuel prices, 

outsourcing, and the increasing age of baby boomers (10).  Many of these factors have 

already influenced the Georgia economy in the past six years since the reportôs 

publication, as there has been a recession, fuel prices have increased, outsourcing has 

occurred, and the baby boomer generation has entered the 60+ age cohort.  Based on 

current federal legislation, it is also now likely that military spending will decrease, 

which will affect Georgiaôs population and economy through both the closure of military 

bases and decreased employment at defense contractors like Lockheed Martin.  Georgiaôs 

future economic climate affects both personal and freight VMT, as the economy impacts 

employment and population decisions as well as the movement of goods.   
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Despite the recent economic downturn, if one assumes the planôs projected 

population growth projections to be reasonable, then it is expected that the stateôs roads 

will become more congested.  Figure 10 shows the predicted decline in the level of 

service of the stateôs roads by region under build and no-build scenarios.  From the figure 

one can see that the state expects significant increases in congestion by 2035, regardless 

of any realistic service capacity increases.   

 

Figure 10: Projected Level of Service in Georgia under Build and No Build 

Scenarios (10) 

Also contributing to deteriorating level of service is increased freight traffic.  The 

2035 plan predicts that freight traffic (in ton-miles) will increase 171 percent from 2005 

to 2035, and that the mode-share of freight by truck will also increase (10).  This means 

that there will be significantly more trucks on Georgiaôs roads in coming years.  This 

growth in truck traffic will influence GDOTôs highway maintenance budget via both 

expenditures and received revenue.  Freight trucks damage pavements much more than 

passenger vehicles, and trucks have the potential to generate additional revenue via 

weight-distance and other funding mechanisms. 
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The 2035 plan also projects future fuel tax revenue.  It states that in 2005 the plan 

projected an expected annual growth rate of 1.33% (10); however, the volatile revenues 

of the past six years have thus far proven such predictions incorrect. 

Because the 2035 Georgia statewide plan is over six years old, many of its 

predictions and data may prove to be out of date due to recent economic events.  

However, the planôs broad population and congestion projections retain relevance.   

2.2.2 California 2025 Statewide Transportation Plan 

The California 2025 Statewide Transportation Plan addresses many of the same 

issues as Georgiaôs statewide plan discussed in section 2.2.1, including the condition of 

existing infrastructure, population growth, changes in demographics, and projected 

congestion, albeit specific to California.  However, Californiaôs statewide plan does 

devote more attention to technology and its potential impacts when compared to 

Georgiaôs statewide plan. 

California is at the forefront of transportation technology in the United States, due 

in part to Silicon Valleyôs technical expertise, and the need for innovation that stems 

from the high levels of congestion and the mobile source emissions prevalent in southern 

California and in the Bay Area.  Technology may change the way people drive via new 

vehicle types such as plug-in hybrid, electric, and/or fuel-cell vehicles.  It may also 

change the way vehicles interact, using sensors and short-range communication to detect 

other vehicles and obstacles, resulting in safety improvements. In addition, it may change 

how frequently people drive, perhaps substituting telecommunication and of online, 

internet ordering. 
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Californiaôs state transportation plan also discusses land use patterns and the 

housing-employment mismatch that occurs when there is a shortage of available 

affordable housing (11).  In California, this mismatch occurs in the San Francisco and 

Los Angeles metropolitan areas, resulting in longer commutes and increased congestion 

in regions that already see some of the highest congestion in the country (11). 

The technological advances discussed in Californiaôs state transportation plan 

provide considerable food for thought.  Modern technology evolves rapidly, and 

predicting the vehicular and wayside innovations that manufacturers will implement in 

the next ten to twenty years is difficult.  For the purposes of this report, it is important to 

understand how implementing these technologies could affect VMT, fuel economy, and 

fuel tax revenue.     

2.2.3 Texas 2035 Statewide Transportation Plan   

The 2035 Texas statewide transportation plan was completed in 2010 and 

addresses many of the same concerns that Georgia and California presented in their 

statewide plans.  Some of the factors that the Texas 2035 statewide plan mentions that 

influence travel demand are population growth, age distribution, employment trends, 

disposable income, economic disruptions, transportation network capacity, and major 

employment relocations (12).  In addition to these variables, the plan also takes an in-

depth look at several broader topics that could change the landscape of transportation in 

Texas.   

The first topic listed is energy resources, and this section discusses how changes 

in these resources affect travel behavior.  The plan states that both residents and 

transportation officials need to consider the impact of increasing fuel prices, alternative 
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vehicles on infrastructure and potential alternatives to the motor fuel tax.  The statewide 

plan predicts that if household costs for transportation can remain stable by using 

alternative fuels, that overall transportation demand will likely increase due to population 

increases; however, it also predicts that if costs either increase or are unstable, that travel 

demand could decrease (12).  Because fuel supply is global, these fluctuations are just as 

likely to occur within Georgia and could have the same impact on travel patterns. 

The second topic is climate change.  The plan mentions that increasing 

temperatures could bring a rise in sea level and more extreme events such as hurricanes 

and floods (12).  These extreme events could disrupt coastal activity such as flights, 

seaports, and rail movement, and coastal roads.  Increased hurricane frequency could also 

result in more evacuations, requiring more disaster-relief revenue and resulting in fewer 

miles driven within a disrupted economy.  Intense heat could also weaken pavements 

more rapidly, resulting in more construction costs and travel delays.   

The third topic in the Texas 2035 Plan is urban livability and sustainable living.  

The plan discusses how downtown revivals, inner-city development and infill, expanded 

transit systems, and an increased desire for biking and walking options could make Texas 

less auto-centric and reduce per-capita VMT (12).  Some regions, such as Atlanta, have 

already incorporated these objectives, as evidenced by ARCôs 2040 plan described in 

section 2.1.2. 

The fourth topic is changing personal travel behavior.  This includes travel 

demand management and congestion management measures such as HOV lanes, 

carpooling, telecommuting, and modified parking standards to increase parking costs and 

encourage transit use (12).  Such measures are already in place in the Atlanta region and 
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are mentioned in ARCôs 2040 regional transportation plan and seen on I-85 in the form of 

HOT lanes. 

The fifth and final topic is vehicle technology.  As was mentioned in Californiaôs 

2025 statewide transportation plan in section 2.2.2, this technology includes such 

advancements as intelligent transportation systems (ITS), GPS, improved traffic signal 

timings, and other travel demand management measures that could reduce congestion and 

increase capacity.  Agencies and jurisdictions within Georgia are also likely to adopt 

some of these technologies, resulting in similar transportation effects. 

In addition to the five aforementioned factors, the Texas 2035 Statewide Plan also 

lists the forces affecting VMT growth in Texas.  These forces are population growth, 

commercial freight, the quantity of travel per person, international imports and exports, 

and how much tourist and business opportunities expand in Texas (12).  Many of these 

factors are also relevant to Georgia and could affect travel behavior. 

The Texas 2035 statewide transportation plan provides a holistic yet 

comprehensive analysis of which factors will affect transportation in Texas in coming 

years.  Most of these topics and their implications are also relevant to Georgia and should 

be considered when assessing future VMT and fuel tax revenue. 

2.3 Atlanta Regional Commission REMI Output  

Regional Economic Modeling Inc. (REMI) has developed a forecasting tool that 

projects variables such as population, migration, and employment.  The ARC uses this 

software package to project demographic and economic data several decades into the 

future.  The model projects demographic information by age, race, and location within 

Georgia, and projects economic data by service sector. In addition, the REMI software 
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projects these outputs for the ten-county metro region, the twenty-county non-attainment 

region, all other counties in Georgia, and the entire state (13). 

Figure 11 shows the projected statewide growth by age cohort.  One should notice 

the relatively rapid increase in the 65+ age cohort as compared to the other age groups 

listed.   

 

Figure 11: Projected Statewide Population Growth by Age Cohort (13) 

Figure 12 shows the projected geographic breakdown in projected population.  In 

the figure, ñcore countiesò represents Fulton, DeKalb, Gwinnett, Cobb, and Clayton, 

Henry, Rockdale, Douglas, Fayette, and Cherokee counties; the surrounding counties 

represents the other ten counties in the Atlanta non-attainment area.  As can be seen from 

the figure, the REMI model projects the core and surrounding counties of Atlanta to grow 

faster than the other counties in the state; however, the model projects the entire stateôs 

population to grow (13). 
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Figure 12: Projected population in Georgia by County from 2008 - 2040 (13) 

 

Economic activity is also highly correlated to travel behavior.  Figure 13 on the 

following page illustrates the economic output of the REMI model.  It shows projected 

Gross Domestic Product (GDP) in billions of dollars along with projected employment in 

thousands of persons.  The projection shows a steady increase in employment along with 

a more gradual increase GDP (13). 
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Figure 13: Projected Employment and GDP for Georgia 2008-2040 (13) 

The outputs from the REMI software are recent, specific to Georgia, and project 

many different variables within each sector.  Because of this, the revenue projection 

model in this thesis uses these outputs extensively, as will be seen in chapters 3 and 4. 

2.4 Government Reports 

The following reports represent federal level analyses of transportation trends, 

issues, and data relevant to this research.  Federal policies can impact state policy, and 

thus surveying federal reports is helpful in understanding statesô possible future actions. 

2.4.1 NCHRP Project 20-80 Task 2: Long Range Strategic Issues Facing the 

Transportation Industry  

ICF International authored this report and completed it in October of 2008.  As 

with the Texas statewide transportation plan in section 2.2.3, the report describes a 

framework for identifying future trends and problem areas to better prepare the 

transportation sector for changes and better shape its transportation future (14).  In 
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creating this framework, the report committee assumed a 50-year time horizon and 

looked beyond those issues currently facing the transportation industry.  After its 

completion, the resultant framework contained five key forces that encompass various 

factors and trends.  

The first of these forces centers on government and politics.  This section 

discusses how changing transportation financing mechanisms would affect the financial 

capacity to construct and maintain transportation assets.  It also analyzes how the 

possibility of terrorist acts can affect the design, implementation, and cost of 

transportation infrastructure (14).   

The second force is economics, and in particular, economic activity that drives 

transportation, whether through the delivery of freight goods or personal travel.  The 

report emphasizes that it is important that transportation efficiency remain constant, or 

improve, to ensure travel times do not escalate as the population increases.  In addition, 

because the worldôs economy is now so interactive, development in foreign markets like 

China and India can change the volume of transportation routes within the United States, 

increasing the impetus for efficient movement of goods (14).   

The third force in the NCHRP report discusses demographics and societal 

choices.  Population growth, migration, the growth of certain age cohorts, and urban 

development patterns will all affect travel behavior and VMT in coming years (14).  The 

aging of the baby boomer generation will cause the percentage of elderly to grow rapidly 

during the coming decades, which could result in a significant number of people 

transitioning to a part-time employment, or ñsoft-retirementò, with different travel 

behavior than either full -time employees or stay at home individuals (14).  Evidence also 
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suggests that young people may not enter the work force as quickly in coming decades, 

choosing instead to travel or do volunteer work immediately after their schooling ends.  

As people marry later, changes in family structure are also likely to occur, with fewer 

married couples living together and lower birthrates (14). 

Environmental and Energy constraints is the fourth force discussed that could 

affect travel.  Increased competition for natural resources and increasing fossil fuel prices 

could later force society to use alternate sources of fuel for vehicle propulsion.  In 

addition, emission-induced climate change could also prompt stricter emissions 

regulations, resulting in alternative transportation forms or travel restrictions (14). 

The fifth and final force is technology.  Technology could induce many changes 

across the transportation landscape, including medical advancements, computing, and 

vehicle technology.  Medical advancements could dramatically extend lifespan, resulting 

in increased populations and greater VMT.  Computing advancements could make it 

easier to telecommute via the internet and within company intranets (14).  Vehicle 

technology could advance alternative fuels to help the environment and could improve 

vehicle-to-vehicle and vehicle-to-wayside communications to increase vehicle safety and 

reduce transportation fatalities (14). 

Each of these forces could have a significant impact on VMT in Georgia.  While 

some of the demographic and governmental factors are specific to Georgia, federal 

transportation policies can have major impacts on transportation in Georgia.  Technology 

advancements, economic swings, and environmental constraints could also all affect the 

travel behavior of residents in Georgia and consequently, the motor fuel tax revenue 

GDOT receives.   
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2.4.2 NCHRP 20-83A Long-Range Strategic Issues Facing the Transportation 

Industry Workshop  

This workshop is a follow-up to the report detailed in section 2.4.1 and featured 

many different guest speakers across many industries.  The workshop was organized to 

include input from experts to consider the transportation impacts resulting from factors 

such as demographic shifts, fuel shortages and alternative fuels, climate change and 

environmental concerns, new funding mechanisms, public-private-partnerships, and a 

possible shift from a global to a more local economy.  The workshop was valuable 

because it incorporated input from experts outside of the transportation field, which 

established a broader scope and assisted in establishing which non-transportation 

developments are feasible. 

Several of the speakers discussed how medical advancements would prolong life 

and keep humans functioning at higher levels for longer periods.  These advancements 

stem from the human genome project, the role of genetics in treating cancer, and healthier 

people through the process of genetic selection (15).  The participants then discussed the 

fact that even with longer life spans, as the baby boomer generation ages, many may 

move closer to transit or para-transit friendly destinations (15).  Thus, longer life spans 

may not result in significantly increased VMT.   

Another area of focus at the workshop was technology.  Some of the specific 

examples are a ñpersonal brainò that can remember appointments and where one needs to 

be at all times, akin to the newest Apple iPhoneôs Siri technology (15).  This device or 

similar devices could reduce VMT by optimizing travel patterns and routes.  Another 

technology discussed is nanotechnology.  Nanotechnology could improve many 
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materials, such as pavements and by making them last longer and reducing the need for 

construction and assorted delays (15).  The workshop participants predicted that 

autonomous vehicles and vehicle-to-vehicle communication will also soon become more 

common, which could increase roadway capacities and improve safety (15).  At the 

workshop, Googleôs Michael Cassidy said that improvements in superconducting 

technology will be crucial for the continued development of electric vehicles, a smart 

grid, and high-speed trains, and that the increased prevalence of open data systems will 

help provide more real-time travel information, and further optimize usersô travel patterns 

(15).  In addition, real-time data may soon extend to other data sources such as weather, 

traffic accidents, and environmental emissions, allowing users to react more quickly and 

save time on their trips (15).  

The workshop roundtable also discussed transportation policy and infrastructure 

investment.  One of the points made is that transportation must include more stakeholders 

and notify them of decisions earlier in the decision making process.  Other emphasized 

that transportation spending should be flatter to support a wider range of modes and that 

there should be more freight investment.  To support these new endeavors, transportation 

agencies will need to devise and implement new transportation investment mechanisms 

(15).  In developing this new revenue collection framework, governments and 

municipalities will need to be more nimble to react to changing needs without long 

periods of legislation.  Claire Janisch, CEO of the Genius Lab in South Africa, says that 

as the economy becomes more global and connected, and as resources become more 

widely available, people in wealthier countries may need to cut back on some luxuries 

(15).  This reduction could result in less recreational trips and less VMT. 
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Many of the advancements discussed at the workshop are long-term and society 

may not achieve them for decades, if at all.  However, some of these ideas and 

innovations, such as medical advancements and transportation financing and governance, 

can occur incrementally, and thus could affect VMT and fuel tax revenue in Georgia in 

the next two to three decades.   

2.4.3 Commuting in America III: The 3
rd

 National Report on Commuting Patterns 

and Trends 

This extensive report catalogues travel trends in America during the late 20
th
 

century and early 21
st
 century.  These trends include trip frequency, trip length, trip 

duration, temporal trip distribution (throughout the day and week), and mode share, 

among others.  These trends were further broken down by region (Midwest, Southeast, 

etc.) and in some cases by metropolitan area.  The report also included specific commuter 

data, such as how many individuals traveled from the inner city to suburbs (16).  Because 

this report was published in 2006, it does not address more recent economic and fuel 

price issues; however, it provides perhaps the best concentration of historical travel 

trends available in one source.   

In addition to travel trends, the report provided extensive information on historical 

population trends at the metro, regional, state, and national levels, migration data, and 

economic and employment data.  Travel data was then associated with demographic data, 

with travel behavior stratified by ethnicity, age, and location (urban vs. rural) (16). 

2.4.4 2017-2025 CAFE Standards Supplemental Report 

This document is a joint production of the Environmental Protection Agency 

(EPA) and National Highway Traffic Safety Administration (NHTSA).  It is a response to 
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President Obamaôs request to develop a coordinated program under the Clean Air and 

Energy Policy Conservation Acts to reduce emissions and develop a fleet of next 

generation clean vehicles for the years 2017-2025.   

According to the report, ñthis National Program would apply to passenger cars, 

light-duty trucks, and sport-utility vehicles,ò meaning that it would be a comprehensive 

nation-wide program (17).  Such a program would allow vehicle manufacturers to 

produce one light-duty fleet for both the EPA and NHTSA to achieve both fuel economy 

improvements and emissions reductions.  The EPAôs goal to achieve a standard of 163 

g/miles of greenhouse gas (GHG) emissions in 2025 equates to an equivalent 54.5 mpg if 

fuel economy improvements caused all of the air quality improvements (17).  In 

developing these projections, the EPA and NHTSA worked with vehicle manufacturers to 

discuss the feasibility of such improvements. 

Much of this supplemental report discusses the specifics of the attempted 

emissions reductions, the timeline and methodologies for achieving these reductions, and 

the political and organizational cooperation involved.  The report notes that full-size 

pickup trucks will be treated differently than passenger cars and there may be an 

emissions credit and trading system for the vehicle manufacturers (17). 

Appendix Table A.1 from the supplemental report summarizes the quantitative 

output of projected fuel economy standards.  This output is shown in Table 1. 
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Table 1: Supplemental Report Table A.1 Fuel Economy Predictions (17)  

Year 
Cars Trucks 

Lower Upper Lower Upper 

2016 30.96 41.09 24.74 34.42 

2017 32.65 43.61 25.09 36.26 

2018 33.84 45.21 25.2 37.36 

2019 35.07 46.87 25.25 38.16 

2020 36.47 48.74 25.25 39.11 

2021 38.02 50.83 25.25 41.8 

2022 39.79 53.21 26.29 43.79 

2023 41.64 55.71 27.53 45.89 

2024 43.58 58.32 28.83 48.09 

2025 45.61 61.07 30.19 50.39 

 

Although the fuel economy values shown in Table 1 are national level estimates, 

Georgia does not have its own fuel economy standards; it thus can be assumed that these 

values are a credible source for projecting future fuel economy.   

2.4.5 Deployment Rollout Estimates of Electric Vehicles 2011-2015 (Center for 

Automotive Research) 

This report analyses the different incentives that each state has provided to 

residents and vehicle manufacturers to entice residents to buy electric or hybrid vehicles.  

The report is valuable in that is provides these values on a state-by-state basis, based on 

the current charging infrastructure in place, whereas other reports have only provided 

national or regional market share projections.  It also looks at which companies have 

invested in hybrid or electric vehicles for their respective fleets.  Examples of these 

companies are General Electric, which announced a purchase of over 25,000 electric 

vehicles, and Enterprise Holdings, the rental car company, which also announced plans to 

integrate electric vehicles into its fleet.  The location of these companies and their fleets 

will influence how pervasive hybrid and electric vehicles are in each state.  In 

conjunction with incentives and private fleets, the report also catalogues the deployment 
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of charging infrastructure within each state, based on market demand and government-

industry partnerships such as Clean Cities.  It then uses these investment projections to 

predict how many electric vehicles will be purchased in each state in the years 2011-2015 

(17).  The electric vehicle market share is calculated by comparing the projected electric 

vehicle sales against total vehicle sales to obtain a vehicle market share percentage.  

Table 2 shows the projected electric vehicle deployment for Georgia. 

Table 2: Projected Electric Vehicle Sales in Georgia 2012-2015 (18) 

Year 2012 2013 2014 2015 

Projected EV 1,335 2,011 2,358 2,427 

 

2.4.6 Freight Analysis Framework 

The Freight Analysis Framework (FAF) is managed by the Federal Highway 

Administration (FHWA) and integrates a multitude of freight databases to provide a 

picture of current and projected commodity flows and freight activity in the United States 

(19).  This framework helps this thesis in understanding how freight activity will likely 

change at the state and federal level.  The survey provides freight estimates by weight, 

value, commodity, and origin/destination for 2007 and projects these estimates through 

2040 (19).  These flows are assigned to the highway, rail, and water freight networks to 

model current and predict future congestion.  Figure 14  on the following page illustrates 

the FAFôs modeled 2007 commodity flows and its predicted 2040 flows.  The figure 

indicates that Georgiaôs freight traffic is expected to grow significantly during the next 

decades (19).  This increase in freight growth will both increase fuel tax revenue from 

freight operations and result in increased maintenance and congestion expenditures. 
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Figure 14: 2007 and Predicted 2040 Truck Freight Through Georgia (19) 

2.4.7 Annual Energy Outlook 2011 with Projections to 2035  

This report, published by the U.S. Energy Information Administration (EIA), 

projects the supply and consumption of various energy sources through 2035.  In 

projecting these consumption rates, the outlook identifies legislature at both the state and 

federal level that has the potential to affect these predictions.  In surveying state energy 

policies, the Outlook found that Georgia was one of 20 states that did not mandate any 

renewable portfolios (20).  This lack of mandates may mean that the Georgia legislature 

will be less likely to enact laws taxing greenhouse gas emissions or other pollutants in the 

transportation sector.  Such a tax would influence VMT and thus motor fuel tax revenue.   

The report also analyzed multiple energy consumption scenarios using a baseline 

case, a no sunset case that extends current renewable energy incentives and subsidies, and 

an extended policy case which adopts more stringent fuel economy assumptions.  Figure 
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15 illustrates the projected consumption of transportation fuels through 2035 using these 

scenarios. 

 

Figure 15: Projected Transportation Fuel Usage Under 3 Scenarios (20) 

The report also uses these three scenarios to predict future oil prices.  Factors 

affecting the price of oil include ease of access and extraction, demand for liquid fuels, 

and the cost of unconventional extraction.  Figure 16 illustrates these projected prices. 

 

Figure 16: Projected Oil Price under 3 Scenarios (20) 

Other projections in the report include vehicle fuel economy based on varying 

growth rates in the CAFE standards, vehicle market share per vehicle type and price, fuel 

economy projections for medium-duty and heavy-duty trucks, and annual VMT per 
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licensed driver, as shown in Figure 17.  From this figure, one can see that the developers 

of this report expect annual VMT per licensed driver to continue to increase during the 

coming decades (20).  This prediction contradicts the surveyed MPO regional plans, in 

which the stated objectives and strategies are designed to reduce VMT in the coming 

decades. 

 

Figure 17: Projected Annual VMT per Licensed Driver (20) 

Much of the rest of the report was dedicated to the specific technologies that 

would influence fuel economy and examining energy trends in non-transportation sectors. 

Overall, this report provides a wealth of credible projections across multiple 

sectors, vehicle types, and energy sources at the national level through 2035.  The report 

was used in this thesis to establish baselines for model predictions and estimates across 

multiple variables in the energy sector and these estimates will  provide upper and lower 

bounds on the inputs for the fuel tax projection model. 

2.4.8 NCHRP 161: System Trials to Demonstrate Mileage-Based Road Use 

Charges 

This report discusses the factors and obstacles one shoulder consider when 

implementing a VMT-based transportation revenue system.  Due to increasing fuel 
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economy, inflation, and the introduction of PHEVôs and EVôs in recent years, the motor 

fuel tax has not contributed enough revenue to sustain the Highway Trust Fund.  This 

decline in revenue has prompted some to look to alternative revenue collection 

mechanisms such as VMT-fees to support transportation infrastructure maintenance and 

expansion. 

NCHRP 161 outlines how to design and conduct large-scale VMT-fee trials to 

observe potential difficulties and obstacles.  These obstacles include organizational and 

political obstacles, such as citizensô concerns about privacy and how governments would 

implement and monitor driving, and technical obstacles, such as how new GPS and short-

range communication technologies could be employed to tabulate and charge drivers for 

the distance they drive (21).   

The report cites examples and knowledge gained from previously conducted 

large-scale foreign trials in hopes of applying this knowledge to domestic trials between 

2010 and 2015 (21).  The implementation and technical lessons learned from these large 

domestic VMT trials would be collected prior to attempting a national-level 

implementation by 2020. The report lists goals and performance measures for a VMT-fee 

system and discusses the different ways in which the program could monitor and charge 

users and the complexities of each of these strategies (21). 

NCHRP 161 provides a solid foundation for understanding the motivation behind 

VMT-fees, the options for implementing such a system, and the organizational and 

technical obstacles for implementation.  The technical analysis associated with the report 

is useful in analyzing how agencies would collect revenue, and the analysis of 
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organizational obstacles help in providing a recommendation of whether such a 

technology would be politically viable. 

2.4.9 Tracking National Household Vehicle Usage by Type, Age, and Area in 

Support of Market Assessments for Plug-In Hybrid Electric Vehicles 

This paper utilizes data from the 2009 National Household Travel Survey to 

stratify vehicle usage (22).  Zhou et al. further classify vehicles by age, MSA size, and 

type.  The statistical analysis shows that owners use vehicles 10+ years old much less 

frequently than newer vehicles and that drivers use newer SUVs three times as frequently 

as older SUVs (22).  The analysis also found that new cars are more popular in urban 

areas as than in rural areas, and that pickup trucks are more common in rural areas.  

Owners tend to keep pickup trucks longer than other vehicles but also tend to leave them 

at home more frequently than other vehicles (22).  This finding means that it would take 

more time to pay off the fuel efficiency benefits of owning a hybrid pickup truck (versus 

a conventional pickup truck), as it is more frequently left at home.   

This statistical report provides insight into vehicle usage on an aggregate and 

disaggregate basis.  It helps vehicle manufacturers understand which owners most utilize 

their vehicles and the life cycle of different vehicle types in different regions, which 

could affect vehicle technology development.  This is important in Georgia, as the 

geographic majority of the state is rural; however, the majority of citizens live in the 

Atlanta metro region and thus qualify as living in an Metropolitan Statistical Area 

(MSA).  This breakdown can be combined with other research to project how new 

vehicle technologies will be adopted in Georgia and which population segments will 

adopt them. 
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2.4.10 New York DOT Interim 2009 Comparison Report, Chapter 4: Urban Travel 

& Population Density 

 In this report, authored by Oak Ridge National Laboratories, the New York DOT 

compares the results of the 2001 NHTS with those of the 2009 NHTS (23).  In this 

specific chapter, they examine the relationships between urban travel patterns and 

population density (23).   Because of its population density, New York City is unique 

amongst U.S. metro areas and serves as a good region to study the effects how population 

density influences travel behavior and specifically, VMT.  The report uses 2009 NHTS to 

show that vehicle ownership decreases as population density increases, and that the 

number of 0-vehicle households increases as population density increases (23).  These 

report finds that these relationship hold both on a national-basis and in New York City.  

The data also shows that person miles traveled (PMT) decrease as population density 

increases, with the population density of 4,000 persons/sq. mile a tipping point in this 

phenomenon (23).  This same data also shows that individuals use non-motorized 

transportation and single-occupancy vehicles less as population density increases (23).  

The Interim Report includes many other tables and figures that show a strong correlation 

between increasing population density and decreasing VMT and PMT.  The findings 

from this report can be used to justify including population density as a variable in the 

projection process. 
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2.5  Academic Publications 

2.5.1 The Motor Use Fuel Tax in Georgia: Collection Efficiency, Trends, and 

Projections 

Clarke, Brown, and Hauer at the Carl Vinson Institute of Government at the 

University of Georgia wrote this paper in December 2010 to determine if  there is a 

discrepancy between GDOTôs actual fuel tax revenue and the revenue it should collect 

based on fuel economy and VMT.  The paper also compares Georgiaôs fuel tax revenue 

with other southeast statesô fuel tax revenue.   

In assessing historical revenue trends, the authors found that due to the sales tax 

component of the fuel tax, as fuel prices decreased and travel activity increased, fuel tax 

revenue actually declined, and in 2008 when fuel prices rose abruptly, the opposite 

occurred and fuel tax revenue increased.  Projecting forward through 2020, the authors 

predict VMT to increase at 1.8% annually and fuel tax revenue to increase 2.4% annually 

(1). 

Although Clarke, Brown, and Hauerôs primary objectives differ from that of this 

research, many of the intermediate goals align, as their research predicts future motor fuel 

consumption, VMT, and fuel tax revenue.  While the research in this thesis creates a 

unique model, some of the input values and sources referenced in the Clarke, Brown, and 

Hauer paper proved useful in developing the model described in Chapters 3 and 4.  Their 

paper is especially useful as it is includes the effect of 2008ôs fuel price increases and 

recession. 
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2.5.2 Forecasting Highway Revenues Under Various Options 

Agbelie, Bai, Labi, and Sinha at Purdue University published this paper in 

October of 2010 (24).  Their research effort is similar to the research conducted in this 

report.  The research was performed for the Indiana Department of Transportation 

(INDOT).  Another similarity is that the Agbelie et al. paper also predicts revenue under 

multiple revenue mechanisms, including motor fuel tax and VMT-based fees.  While the 

Agbelie et al. effort utilizes some sources specific to Indiana, it also gleaned information 

from sources that list values by state, and these sources proved to be valuable for this 

present thesis as well. 

The Purdue model calculates fuel tax revenue by first stratifying vehicles into 

class by automobile, combination truck, light duty truck, single unit truck, bus and 

motorcycle, and independently projects VMT for each of these vehicle classifications, 

using income, GDP, and driving age population as inputs (24).  The authors stratify the 

vehicles in order to obtain more uniform fuel economy classes and to improve fuel 

consumption studies. 

The paper then estimates and projects fuel economy by using an age cohort 

survival approach, as per INDOTREV-1, the software used for projecting Indianaôs fuel 

tax revenue (24).  Within the model, VMT for each vehicle class is distributed by model 

year and then that particular yearôs fuel economy is used to calculate fuel consumption 

for a given vehicle type and model year.  The authors used GDP to project freight VMT, 

and in doing so trucks were split into 29 different weight-based vehicle classifications 

(24).   
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The authors projected the number of vehicles in future years using the 

aforementioned factors of income, GDP, and driving age population as inputs.  After the 

number of vehicles, VMT, and fuel economy is projected, the authors calculated fuel 

consumption for model year vehicle types by dividing fuel economy into that model year 

vehicle typeôs VMT.  This fuel consumption was then used to predict motor fuel tax 

revenue based on different revenue collection frameworks including the motor fuel tax 

(baseline), VMT-based fees, and by adjusting fuel taxes to inflation.  The authors used 

price elasticities when projecting toll or fee-based revenues to properly assess the impact 

of changing transportation costs on travel behavior (24). 

The Agbelie et al. paper provides a wealth of practical knowledge in 

understanding how to create a revenue prediction model, despite the fact that its intended 

use is for another state.  It is especially useful for this thesis as it also projects revenue 

using alternative revenue methodologies. 

2.5.3 The Future Isnôt What It Used To Be: Changing Trends and Their 

Implications for Transport Planning  

Todd Litman of the Victoria Transport Policy Institute wrote this report to 

ñexamine demographic, economic, and market trends that affect travel demand.ò  Unlike 

the previous two academic reports (2.5.1 and 2.5.2), which attempted to model future fuel 

tax revenue, this report examines factors that affect travel behavior (25).   

Many of the trends listed within Litmanôs report conflict in how they would affect 

VMT.  The trends he identifies that would likely increase per capita VMT are decreasing 

household size, longer life-span, modified eating habits, increasing trip frequency, 

increased childrenôs activities, and more frequent long recreational trips (25).  Decreasing 
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household size implies a greater number of households, which in turn means more 

independent trips and thus more VMT.  A longer life span likely also means increased 

VMT due to increased population size and the fact that elderly would likely be able to 

drive at a later age.  Litman also posits that households are eating out more often, which 

may mean greater VMT, although these trips are often chained with other trips (25).  

However, these other trips, such as childrenôs activities, are also increasing in frequency, 

which increases VMT.   

Some of the trends that he identified that would likely decrease VMT are online 

purchasing, a saturation in automobile ownership, decreasing automobile ownership 

among those 16-19 years of age, and increased trip chaining (25).  Online purchasing 

allows individuals to shop without accruing VMT on shopping trips.  Saturated 

automobile ownership implies that VMT growth would likely approach an asymptotic 

value.  A decrease in automobile ownership among teenagers might work to offset any 

gains in VMT that would be seen from the baby boomer generation or increases in life 

expectancy.  Trip chaining optimizes oneôs route and reduces the VMT accrued when 

starting each trip from home.  Figure 18 on the following page illustrates the decreasing 

percentage of teenagers with a driverôs license.  It is important to note that this decrease 

occurred prior to the 2008 economic recession and thus this decrease in driverôs license 

permits is likely independent of the recession. 
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Figure 18: Percentage of 16-19 Year Olds with a Driver's License from 1963 to 2007 

(25) 

Litman also includes a table that predicts how different factors will influence 

travel demand.  This list of factors is shown in Table 3. 

Table 3: Factors Affecting Future Travel (25) 

 

Many of the factors and trends discussed in Litmanôs report are similar to those 

outlined in the MPO and state transportation plans described in sections 2.1 and 2.2.  This 

research will consider each factor both independently and interactively for their affects on 

VMT. 

2.5.4 If Cars Were More Efficient Would We Use Less Fuel? 

Kenneth Small and Kurt Van Dender wrote this article in the fall of 2007 for the 

University of Californiaôs transportation research periodical.  The article analyzes recent 
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fuel price elasticities in California to evaluate the rebound effect at different fuel prices.  

The rebound effect describes how fuel economy improvements can counteract fuel price 

increases.  Understanding this concept is important when relating fuel price, fuel 

economy, and VMT. 

The Small and Van Dender article describes two parts to the driver response to 

increasing fuel prices.  First, VMT decreases by a given percentage due to increasing fuel 

prices (26).  If these prices remain high, consumers usually respond by purchasing more 

fuel-efficient vehicles.  These fuel efficiency improvements allow drivers to travel the 

same distance by purchasing less fuel.  If drivers use this increase in fuel efficiency to 

drive more than they did prior to the efficiency increase, there is a rebound effect.  The 

magnitude of this rebound influences how effective CAFE standards mandating increased 

fuel economy can be at reducing emissions, total VMT, and motor fuel tax revenue   

Small and Van Dender explain that the magnitude of the rebound effect declines 

with rising income, as time becomes more important than fuel costs, and that the 

magnitude increases as fuel costs rise and they become a more significant factor in a 

householdôs budget (26).  The authors believe that the rebound effect will continue to 

decline with increasing urbanization, as the time costs associated with congestion 

dominates fuel costs (26).  The article concludes by stating that elasticities have 

continued to decline into the 21
st
 century and that the rebound effect in the first decade of 

the 21
st
 century was less than 6% (26).  However, this particular elasticity may no longer 

be relevant, as the article was published in 2007 and thus does not account for the fuel 

price and fuel economy increase seen since 2008. 
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2.5.5 3
rd

 Symposium on Mileage-Based User Fees 

This paper was included as a part of the 2012 TRB conference and it collates 

VMT-fee knowledge and lessons learned during 2011.  Specifically, it asks how agencies 

can best implement VMT programs, how agencies should coordinate VMT research and 

policies, and how governments and agencies can best increase public acceptance of a new 

transportation funding mechanism.   At the symposium, attendees stated that they 

believed that state implementation (as opposed to federal) would be the most effective 

means of administering a VMT-fee program.  Attendees also stressed interoperability, 

meaning that the program should only charge drivers once per period and that one 

account should handle all VMT-related charges (27). 

Two of the biggest concerns discussed during the symposium were public 

acceptance and administration costs.  An I-95 corridor study stated that administration 

and operation fees could cost as much as 6%-20% of revenue, while New Zealand has 

had a VMT-fee program in place since 1977 and its administration costs only 3% of 

revenue (27).  The article also states that administering the motor fuel tax program costs 

only 0.82% of revenue (27).  Government distrust and privacy issues contributed most to 

citizensô concerns.  A survey found that the elderly were most concerned about privacy 

issues, and that increased schooling and VMT-fee education and marketing increased 

approval for the program.  Also important for implementation, trucking companies were 

concerned about the new system, as the motor fuel tax is applied upstream to fewer than 

1,000 companies, and a VMT-fee would be applied to individual customers.  Truckers 

were concerned about this bureaucracy and the costs it would impose on their business 

(27). 
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The findings from the symposium help in assessing which issues are the most 

critical in implementing a VMT-fee revenue system.  Of particular interest is the fact that 

citizens were more receptive to such a system with increased marketing and information. 

Truckersô business concerns are also an important issue. 

2.5.6 What Do Americans Think About Federal Transportation Tax Options? 

Results From Year 2 of a National Survey 

Agrawal and Nixon present the results of a random-dial telephone survey 

conducted in March and April of 2011 to understand citizensô response to different 

transportation tax options.  Support varied by taxation type, tax rate, and finance intent.  

In addition to the survey conducted in the paper, the paper also summarizes the results of 

other recent transportation tax public opinion polls.  Figure 20 on the following page 

summarizes the response rates for each taxation type.  From the figure, it is apparent that 

citizens gave the highest support to a 10¢/gallon motor fuel tax increase directed to road 

maintenance projects with a 10¢/gallon increase directed to safety a close second.  Only 

22% of respondents supported a 1¢/mile VMT-fee, the lowest respond rate of any of the 

options presented (28).   
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Figure 19: Survey Response Rate to Various Taxation Measures (Agrawal & Nixon)  

(28) 

This paper illustrates that tailoring the description and funding targets for motor 

fuel tax increases or alternative revenue strategies can increase the publicôs support for 

these funding mechanisms.  Understanding how to gain public support for these taxation 

measures is an important component of providing a recommendation for alternative 

revenue mechanisms.   
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2.6 Futurist Predictions 

2.6.1 Transport Revolutions: Richard Gilbert & Anthony Perl  

This book provides an in-depth look at how the transport of people and goods 

occurs in todayôs society, the energy required to facilitate this transport, the emissions 

that result from this activity, and how the increase in fuel prices in 2008 changed 

transportation activities (3).  Per its title, the book also examines several previous 

ñtransport revolutions,ò such as the advent of Britainôs railways from 1830-1850, the 

modal change in transatlantic travel in the 1950s, and the advent of high-speed rail in 

Europe and Japan from 1960-1985.  The authors predict that increasing fuel prices, 

congestion, and resource scarcity will lead to another transport revolution in the coming 

decades.  From this postulation, they project travel behavior and energy usage under 

various scenarios in 2025 (3). 

In conjunction with these projections, Gilbert and Perl also provide 

recommendations for how to reduce global energy consumption through 2025.  Although 

many of their predictions are aggressive for a now 13-year timeframe, they may be less 

aggressive for more distant time frames.  Some of their predictions include the use of 

electric jitneys and on-demand personal rapid transport (PRT) vehicles, and widespread 

electrification of mass transit.  They also predict significant increases in intercity bus and 

rail service and significant declines in domestic aviation by 2025.  Other predictions 

include changes in freight transport, such as the use of truck trolleys and trucks with 

batteries, increased rail activity, dramatic decreases in pipeline activity, and declines in 

ocean freight, as regions revert to more local economies (3).  If economies do revert to 

being more locally focused, then freight VMT in Georgia might decline significantly, as 
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container traffic at the Port of Savannah would decrease sharply and there would be 

fewer freight trucks on Georgiaôs roads. 

Transport Revolutions provides a strong foundation for understanding how energy 

and transportation interact and also presents a wealth of information on current energy 

production and consumption.   

2.6.2 $20 Per Gallon: How the Inevitable Rise in the Price of Gasoline Will Change 

Our Lives for the Better: Christopher Steiner 

In this book, Steiner predicts what would occur as the price of gasoline increases 

from $4 to $20.  Each chapter projects what would occur with a $2 increase in gas price.  

Although it is unlikely that fuel prices will reach $20 during the scope of this research, $6 

gasoline in the next two decades is entirely possible.  At $6 per gallon, Steiner predicts 

that sport utility vehicles will all but disappear, and that only those who absolutely need 

light-duty trucks will own them.  He predicts more urban living due to increased 

commute costs and discusses the ancillary health benefits of living in a more walkable 

community.  Advancements in vehicle technology and more innovative transportation 

revenue methods such as congestion pricing are also analyzed (29).   

This book was helpful in understanding the potential changes that could 

accompany various tiers of fuel price increases and was helpful in understanding that 

peopleôs psychological response can vary significantly across a small price threshold 

(29).  While fuel prices will likely not increase $16 dollars in the next two decades, some 

of the impacts and changes mentioned in the $6, $8, and $10 chapters may be seen and 

felt prior to fuel prices actually reaching these respective levels.   
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2.6.3 The Next Hundred Million: America in 2050: Joel Kotkin 

This book is a futurist projection of America in 2050 with 100 million additional 

residents.  Kotkin predicts how cities will change and adapt to increases in population, 

fuel price, and energy scarcities.  He predicts vast changes in suburban America, as baby 

boomers age and require more proximate restaurants and activities.  He also predicts that 

families will become more nuclear, with more generations living together and that 

commutes will decrease as more individuals work at home (30).  Kotkinôs projections 

include the possibility of Atlanta becoming a ñcity of aspiration,ò that will provide the 

same upward mobility that industrial cities like New York and Chicago once provided 

(30).  Kotkin also projects that polycentric cities will become the norm and that a regionôs 

main downtown will become less and less vital (30).   

Kotkinôs other projections include the idea that telecommuting will transform 

rural areas into economic hotspots by  allowing call-centers and online trouble-shooting 

services to capitalize on cheap labor in rural areas such as the Great Plains and places like 

rural Georgia (30).  Such employment patterns would likely reduce VMT in these areas. 

Kotkinôs book provides few quantifiable predictions for use in this research or a 

model, but it does provide a background on the history of urban and suburban living and 

helps one to understand what factors may influence individualsô future housing choices. 

2.7 Databases 

2.7.1 2009 National Household Travel Survey 

The 2009 National Household Travel Survey (NHTS) is a comprehensive travel 

survey administered by the FHWA in 2008-2009.  The survey sampled over 150,000 

households in twenty states, one of which was Georgia (31).  The survey collected travel 
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information such as trip frequency, trip distance, annual VMT, origin and destination 

information, mode type, and relevant automobile information, such as fuel economy and 

model year.  The survey also collected demographic information such as household size, 

vehicle ownership, and household income (31).  The data from the NHTS is publically 

available and this thesis incorporates NHTS data in its motor fuel tax revenue model.   

In addition to the data from the 2009 NHTS, several related reports assisted the 

author in understanding the data collection efforts and the resulting data.  The Userôs 

Guide explains the surveyôs data collection methodologies and sample size goals as well 

as decoding the variable abbreviations used within the database (32). The Summary of 

Travel Trends tabulates and graphically summarizes the result of the 2009 NHTS on a 

national and regional level.  This report also used the data gleaned from the 2009 survey 

to create time-series comparisons with similar variables from past national household 

travel surveys in order to observe recent travel trends (33). 

2.7.2 US Census Bureau 

The revenue projection model developed for this thesis needed statewide 

demographic data to validate and extrapolate the 2009 NHTS data discussed in section 

2.7.1.  The U.S. Census Bureauôs 2009 American Community Survey (ACS) data was 

used for this purpose.  The ACS does not sample every household, but rather uses a 

smaller sample to update and project data from the larger-scale, decennial census.  The 

2009 release of the ACS averages data from 2007-2009 to calculate income distribution 

and vehicle ownership data at the statewide level in Georgia (34).  This thesis then 

incorporates this data in its motor fuel tax projection model. Chapter 3 further explains 

how the model incorporates and uses this data. 
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2.7.3 Federal Highway Performance Monitoring System 

The FHWAôs Highway Performance Monitoring System (HPMS) is a national 

program that gathers data about the use and condition of the nationôs highway system.  

The HPMS gathers data from each functional road class in many counties to ensure that 

the program has established a sufficient sample size prior to extrapolating data to the state 

and national level (35).  This research used the HPMS data to project heavy truck VMT 

and as a credible source by which to validate the modelôs 2009 VMT projections. 
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CHAPTER 3  

MODEL DEVELOPMENT  

3.1 Factor Identification and Database Selection 

The sources mentioned in Chapter 2 provide a foundation for understanding 

qualitatively how demographic, energy and environmental, political, and technological 

factors affect VMT and fuel economy in Georgia.  These factors influence fuel 

consumption via government mandates, consumer market response, and technological 

advancement.  To create a model to project future revenue, quantitative sources were 

needed.  Some of these sources contained regional and data while other sources provided 

national-level values, depending on the variable.  Section 2.7 provides a synopsis of the 

databases utilized.  Some of the literature surveyed made Georgia-specific projections, 

while most only gave national projections.  Once a thorough literature review had been 

conducted that identified the factors that influence VMT and fuel economy, a model was 

created to transition the research from a qualitative to a quantitative framework that 

output fuel tax revenue.  

A recent and Georgia-specific travel database was critical to this quantitative 

framework.  The 2009 National Household Travel Survey provides the most recent 

source of detailed household including income, persons per household, and vehicles per 

household; travel behavior data including trips per day, miles traveled; and vehicle data, 

including vehicle age and fuel economy (average miles per gallon).  Figure 21 outlines 

the literature review, factor identification, and database selection process.  
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Figure 20: Data Search Process 

Figure 21 shows that the model need to parse Georgia records from the 2009 

NHTS in order to generate statistics specific to Georgia.  The author made queries using 

Microsoft Access to create multiple databases in order to relate different variables to 

VMT and to better understand these relationships.   

3.2 2009 Model Fleet Segmentation 

Prior to projecting future motor fuel tax, the model was first used to estimate 2009 

VMT and fuel tax revenue to compare with known 2009 values.  This served to validate 

the modelôs logic before projecting future VMT and fuel tax revenue. The model was 

constrained to a 2009 validation because of the decision to use the 2009 NHTS as the 

travel database.  This limited all of the other variables in the model to their respective 

2009 values.  Figure 22 on the following page, shows how fleet VMT and fleet fuel 

economy contribute directly to fleet fuel consumption.   

Literature 
Review 

Factors affecting Fuel 
Consumption 

Recent Statewide 
Georgia travel 

database 

2009 National 
Household Travel 

Survey 

Query Georgia-
only records from 

2009 NHTS 
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Figure 21: Factors Contributing to Fuel Tax Revenue 

Figure 22 also illustrates how fuel consumption and the fuel price influence the sales and 

excise taxes, which sum to total fuel tax revenue.  To obtain more precise results, the 

model stratifies the fleet by vehicle type.  This same methodology was also used by 

multiple other research efforts including those by Vasudevan and Nambisan, Agbelie et 

al., and Pickrell et al. (36) (37) (24).  This segmentation increases precision because one 

can assign more exact fuel economies to each vehicle type than to the fleet as a whole. 

Another benefit to stratifying the fleet is that it provides transportation agencies the 

revenue share for personal vehicles, freight trucks, and transit vehicles, which better 

informs officials of each fleetôs and revenue contribution. 

The model splits the fleet into personal, freight and transit segments, with the personal 

and freight categories further split.  The remainder of this chapter details the VMT and 

fuel economy calculation methodologies for each fleet segment and compares the 

modeled values with NHTS reported values.   
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3.3 Personal Fleet Calculation Methodology 

For the purposes of this research, personal vehicles represent any automobile (car, 

pickup truck, SUV) that one owns and drives for personal use.  Modeling 2009 fuel 

vehicle tax revenue from these vehicles required knowledge of Georgiaôs household 

travel behavior to calculate VMT and Georgiaôs 2009 personal fleet fuel economy.   

3.3.1 2009 Personal Vehicle VMT Calculation  

The literature presented in Chapter 2 illustrates the wide range of variables that 

influence travel behavior.  These include demographic, economic, technological, 

political, and environmental factors, some of which are difficult to represent 

quantitatively.  The 2009 NHTS captures many demographic variables, such as persons 

per household, vehicles per household, household income, age, gender and, housing 

location.  Although many variables influence VMT, the modelôs structure requires a 

ñmain explanatory variable.ò  The author chose this variable by surveying the literature 

and by comparing variables against VMT from 2009 NHTSô Georgia records.  Figure 23 

illustrates the ñmain explanatory variableò selection process. 

 

 

Figure 22: Thought Process for Selecting Main Household Decision-Making 

Variable with Respect to VMT 
























































































































































































