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SUMMARY

Motor fuel tax revenue currently supplieshe majority of funding for
transportation agencies at the stahd federal level. Georgisesexcise and sales taxes
to generate revenue for the Georgia Department of Transportation (GD@&)ion and
increases in vehicle fuel efficiency have redudeddffectiveness of these taxes in recent
years. These changes have resulted in drivers purchasing less fuel aratigghess
fuel tax revenue, wh i crha iwetaaki emn tsabslabgh 6asd sa b
assets Thisthesisuses literature from regional and state agencies, academic reports, and
databases to identifactors that affect motor fuel tax revenuel#hencreates a model to
predictG e o r duel savraceiptan 2020 and 2030It also discusses and evaluates other
transportation funding mechanisms that could replace or supplement the fuels tax and
recommendsiow besto implement these strategies.

In Georgia, fuel tax revenue is based foel consumption, which is directly
affected by vehicle miles traveled (VMT) and fuel efficienend fuel price Several
forces influence VMT and fuel efficiency including demographic factors such as
population dasity and persons per household, economic factetsh as income
distributionand GDP, and technological factosich asalternative vehiclelevelopment
The modelincorporateghese factors and their interactions by segmenting vehicles into
four classes personal vehicles, singleit 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 pregtions
with known values tovalidatet h e mo d e | Oceeatel aobgselme far pradjecting

future revenue.Then,the2 0 0 9 maokceptud Fameworknd additional variables

XVili



are used to project future fuel tax revenliee model calculatesevenue from personal
vehicles using a proportial categorical method that usesome as its main explanatory
variable as well asuserprompted variables in peprocessing. Freight revenue is
calculatedusing historical VMTGDP relationships in combination with other user
prompted inputs.

Because® t h e mo-dupltdature] usepsican 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 oatpytsesented and discussed
for eachyear. These revenue outputs @aempared against the 2009 values on an
absolute, pecapita, and pemile basis. Theresults indicate that real revenue will
increase from 2009 to 2020 but actually decline between 2020 and 2030 due to fuel
economy improgments and widespread use of alternatively fueled vehicles

To counteract these potential revenue declittés,document discussesethods
of increasing fuel tax revenue, including increasing the current fuels tax and/or linking it
to inflation, VMT-fees, widespread tolling, and regional transportatsaestaxes. Each
of these mechani sms has advantages and dr e
set of objectives. After evaluating eatiethod the authorecommend first evaluating
Ge or gi a (ng regiopat teamsportation sales tax, and thening to implement a
VMT -fee by 202y conductingextensive trials and public involvement. Regardless of
what specific steps Georgiads | eaders take

infrastructue and its economic competitiveness.

XiX



CHAPTER 1

INTRODUCTION

1.1 ResearchBackground & Motivation
Motor fuels taxes are currently the major funding source for transportation
agencies at both the federal and state levels. These taxesiageona pergallon basis
(excise taxes), as a sales tax, or as a com
incorporates both of these collection methods, with &Jalon excise tax rate and a 3%
sales tax on wholesale fuel. An additional 1% sales tax is levied aldef motor

fuels toward Ge(@) Bgure diustgtesmmetordukls tdxcailattion in

Georgia.

Excise Tax:
7.5¢ to Georgia DOT for every J l

gallon of fuel purchased

Total GDOT Motor
Fuels Tax Revenue:
Excise Tax + Sales Tax

Sales Tax: 1 T
3% of entire purchase to Georgia

DOT, including 7.5¢/gal state andJ
18.4¢ /gal federal excise taxes

Figure 1. Georgia Motor Fuels Tax Collection
From a transpor t eivej ibis impogantntaiderdify thosee r s p e
factors that affect motor fuel tax revenue in order to budfmt future transportation
maintenance and rehabilitation projects. Figure 2, for example, illustrates how vehicle
miles traveled (VMT), vehicle fuel enomy, and the prevailing fuel price caffectthe

magnitudeof fuel tax revenue.



[VehicIeFueI] [ Vehicles Miles }
Efficiency Traveled (VMT)

[ Fuel Prices ]

[ Total Fuel
ConsumptionJ

v

[ Excise Tax Sales Tax J
Revenue Revenue

Total Fuel Tax
Revenue

Figure 2: Factors Affecting Fuel Tax Revenue

This budgetary and allocation process has major safety implications throughout the
nation where manyridges and other assets are approaching or have exceeded their
design lives.

Fuel prices drive fuel tax revenue two ways: the amount generated from the
sales tax and the impact on overall demand via elasticity. Thus, rising fuel prices
increase saletmax revenue for the agency on a-gatlon basis, but decrease the number
of gallons purchased due fael-price elasticity, as consumers respond to increasing
prices in the short term by purchasing less gasoline. Figure 2 also indicates that
increasingVMT leads to increasing fuel tax revenue, as more miles driven equates to
more gallons of fuel purchased, andicatesthat increasing vehicle fuel economy leads

to decreasing revenpigecause&ehiclescan travel the same distance on less fuel.
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Figure 3: Historical U.S. VMT Trend from 1971-2011 with Associated Economi
Recession$68)

Figure 3 shows historical VMT trends from 1971 to mid 201As shown,
aggregateyearly VMT increasechearly monotonicallfrom 1971 to 2008; howevethe
figure alsoshows thathe economy influences VMTas VMT stagnated or etreased
during every recessionaperiod during the past 40 yeark terms of travel behavior, it
is also important taote that natiorwide VMT growth began stagnetg in 2005 well
aheadf the most economic recessithratbegan aroun@008 Understanding whyMT
growth has slowed andif this patternwill continueg 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 levdstil fuel prices reached those
seenin 2008, fuel economy had remained largely unchanged for many yeafsadnd
received littlepushfrom either manufacturers or consumehs conjunction with thisthe
Corporate Average Fuel Economy (CAFE) standards for passenger cars remadinéd
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mpg fran 1992 to 2010, and tH@AFE standardor light duty vehicles remained constant

at 20.7 mpg from 1996 to 2004£). However, manufacturers, consumers, and the
government have all responded to higher fuel pricesecent years.The market has
responded to consumers demands for more-difigient vehicles by creating new
vehicles technologies such as improved hybrid, and-iplulgybrid electric vehicles
(PHEVs). These new technologies now even applyptortutility vehicles (2JVs), and
luxury vehicles. The Chevrolet Volt and Nissan Leaf are twahicles that illustrate these
newtechnologies.The federal government has increased the CAFE standards for future
years, with a 35.5 mpg standandplacefor 2016 and a 54.5 mpg st#ardfor 2025that

has been published for public comméd@R). Suchfuel economymandateswould
drastically improve the f uelneewhclegwhye of th
also providing environmental and energywséy benefits. Future research is ongoing
develop other vehicle technologies suchhwadrogenfuel cell vehicles (FCVjhat would
alsofurtherreduce pecapita gasoline consumpti¢).

Reduced growth inVMT and rapidly ncreasing fuel economy could have
significant impacts on fuel consumption and thus fuel tax revenue. Under the current fuel
tax structure, as more alternative fuel ed
consistentlygenerate less penile fud tax revenue. Agenciesmust understand loRg
term VMT and fuel economyrends and thesffect of these trend®n providing the

necessary funds f@ystemmaintenance andhere necessargapacity expansion.



1.2  Study Overview

This thesisidentifies those fators that affect highway revenues in the state of
Georgia,producesa conceptual frameworttepicting howthe key factors that influence
highway revenueare interrelatedand developa model thaprojects future motor fuel
tax revenue in Georgia in 2020d 2030 The model is designed to be an inputput
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 revehliesiser
can use thenodel andits resultsto understand which factors will significantly affect
future motor fuel taxevenue. In addition to thanotor fuel tax revenue projectiortjs
study also examines other transportation revenue mechatimhsould replace or
supplement thenotor fuel taxin Georgia andthe implementation strategies and barriers
associated with each mechanism. This reseaffelns a longrange budgetary planning
aid to help policymakers understand how external factors may affect transportation
revenue in tB coming decades, ang provide alternatives to the current funding
methodology to help ensure that transportation agencies have the funds necessary to

maintain and expand thenansportatiorassets.



CHAPTER 2

LITERATURE REVIEW

Thisreview isprior work in ths areaorganized by source, includilddetropolitan
Planning Organization (MPO) and statedartment of Transportation (DOPlans,
government and academic publications, futyisjections, databases, and Geo@T
(GDOT) brochures and report§ he soucesdescribefactors 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 sewariety of literature helped to ensure that the
studyincorporated ideas from across the national transportation speciiuenliterature
review covers the following sources:

MPO Regional Transportation Plans
Statewide Transportation Plans
REMI Output

Government Reports

Academic Publications

Futurist Books

= =4 4 A4 -4 -2 -

Databases

2.1 MPO Regional Transportation Plans
Regioral Transportation plans offer insight intow transportation and planning
experts and government officials view the future of transportation reksgeds 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 i dentatdnisteatgiceplafmoreher opol i



next two to three decades. These regiona
Transportation Improvement Program (TIP), which identifies particular transportation
projects thategional agencies wilmplementin a 35 year horizon.

This literature review centers on the strategies listed & Allanta Regional
Commi ssionds (ARC) 2030 and 204O0Osunveyiggi on al
trends and 0 b j e c tregional fanspoftatiooptamse rAltroagh the e s 0
particular attributes and data oft h e r regionso transportati ot
growth, are notlirectly relevant to Georgia, the objectives presentetth@se otheplans
indicatepolicy measures that Georgiaght consideadoping in coming decades

Because most regional transportatgans are similar in structyreis review of
nonGeorgiaregionaltransportation plans will discuss only tbentent that is unique and
relevant to the objective of identifying factors that influenoator fuel tax revenugia
either VMT or fuel economy.
2.1.1 Atlanta ARC 2030 Regional Plan

Atl antads 2030 Regional Pl an was adopte
The 2030 plan discussé®w the region would conform to the planning requirements
stipulated by the then recently passBAFETEA-LU federallegislationand how the
authorization affected the regionds goal s.
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 highlightshe At | ant a r egi o m®tee Atlaata i d
metropoitan area lead the nation in absolute population growth from April 2000y
2006 (4). The plan stresses how this growth has strainedr tieeg i toanspostation
system and how congestion will continue to increassiriilar population growth
continues. The plan projects 2030 regional population of jushder7 million residents,
adding approximately 91,000 persons per year during ghrsod (4). Within this
projection, the plan also praes an increasing percentage of individuals in the 60+ age

cohort, as shown in Figure 5.
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Source: ARC, 2008

Figure 5: Historical and Projected Age Distribution in Atlanta Region (4)



The 2030 plan references an AR&als Assessment Repovthich states that
interstates in the Atlanta region aeaching their carrying capaci(g). This conclusion
in combination with the high costs and difficulties associated with adding new highway
capaity, prompted the region to pursuarailti-modal strategy to optimize thexisting
network. Figure 6 represents the projected increasawelttime based on increases in

congestionn 2030 versus 2005
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Figure 6: Projected Travel Time Increases in the Atlanta Region (2030%#)

The 2030 plan alsdbr i efl y mentions the regionbs
bicycle and pedestrian facilitigs order to improve accessibilifgr those who cannair
do not want tadrive andto 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 additioal roadway capacity.



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 currergnalysiso f At | ant ads tthamthes2p30 planat i on
describedin secion 2.1.1. In addition to updated demographic data, b al®re
comprehensivelyreats the issue &ustainallity, andof f er s mor e sol uti on
transportation issuesuch as a more detaildgicycle, pedestrigntransit expansion
program andalternativefundingstrategiedike High Occupancy Toll (HOT) lanes

The 2040 plan mentions the foll owing as
population growth: national migration to the Sunbelt, inexpensive land, federal funding
programs that suppbdecentralized growth, access to Hartstigddkson airport, low
cost of living, and proximity to Fortune 500 companies, premier universities, and the
Centers for Disease Contrahd Preventior{CDC) (5). Figure 7 illustrate thatARC
expectsthe e gi o n 06 s tomxaerdsImdlionipeople in 2040, with the najty of

the growth occurringn Fulton and Gwinnett counties.

10,000,000
.000.900 8,256,323
&,000,000 -
) 5473846
2,000,000
) 2.699 950
20m 2015 2000 2035 2030 2035 21040
. P g ulation e E gl men s

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

The 2040 plan statesthat significant growth will also occur in the ten counties
that fall within the 26county norattainmentregion but outside othe 10-county MPO

This growthi mpl i es growt h i n pogsible resuttieggin lonyer s exu
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commuting trips. Many of these counties anerentlypredominantly rurabut are likely
to become more urbanizels t he At | papulatiangrowehgarcesnaddgional
land consumption Thisincrease in landievelopment is likelyo 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,the2 040 pl| an u p dfarécasEondestieandtre gffect n 6 s
of this congestion on thimcal economy.Figure 8 illustrates thienpact of this congestion
on regimal travel timesand it shows that area residents will have to dedicate more time

to travel and commuting if no improvements are made.

2010 2040 No Build

Down<
town

Peri-
meter

B < 15 mins I 15- 30 mins 30- 45 mins [N 45 - 60 mins | 60 - 90 mins

Figure 8: Impact of Congestion on Regional Travel Times in 2010 and 2040 (ARC
2040 Regional Transportation Plan)5)
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As wasalso mentioned in the 2030 plan, the 2040 plan predicts that a greater
percentage of the r thg60bagdsacketardiexplaimsthavthigi | |
demographic transition will result in additional special mobiatyd paréransit needs
(5).

Il n addition, increasing fuel costs wildl
thesefinal costs represent an increasingly higher percentagewseholdoudges. The
planalso statesthatn e x pensi ve suburban | and and fuel
population growth, but that increasing fuel prices could stifle this growtmpes distant
inexpensive land translates to costly commutes.

The 2040 plan includestepsto combat congestion and increasing fuel costs as
well as improve the quality of life for its resident3hesestepsinclude ideas suchs
greateraccessibility tocommunity resources via improved pedestrian facilities and more
extensivebike routes with increased connectivityThe plan also recommends new
zoning requirements in the form of minimum development and population den3ities.
plan also mentionsnplemerting a State of Good Repair initiative to ensure that transit
and road facilities are maintained, improvednsit connectivity between housing and
jobs, improved energy efficienof transit vehiclesand establishing a regiareconomic
growth strategydrei nvest in the region@®s transportat

Finally, the planmentionsalternative roadway optimization mechanisms such as
the newly implementett85 HOT lanes and other travel demand techniques, new forms
(to the Atlanta region)f transif such as streetcars and lighil technology, and
identifiesspecific interchangethroughout the regiothat could be redesigned to alleviate

congestion(5).
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The ARC 2040 Regional Transpation Plan is usefub the present studwp that
it i dent mdstrecentlyStRi€Eygisnaltransportatiorgoals and strategic steps
plannedto achieve these goalfOne must understand these goals and how tffegta
VMT and fuel economy when omeeatesa modelo 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
| ayout to ARCOs 20 3 0albatmwith dé&ta0sge@ific toengal @hiv.a | pl a
However, the Columbus plan differs fralme ARCplansdiscussed in sections 2.1.1 and
2.1.2in that it more explicitly states an objectiieereduceregionalVMT. In support of
reducing VMT, the Columbus 2030 plan emphasizes sustainab&poréation projects
such as Complete Streets, which aim to encourage walking and biking and can help to
promote higher population densitie). In conjunction with the Complete Streets
concept, the Columbus plan-egaluateswalking behavior and outlines a strategy to
incorporate pedestrian behavioto transportatiorsystemexpansion.
2.1.4 Chicago, lllinois (CMAP) 2030 Regional Transportation Plan

The Chicago Metropolitan Agency for Planning approved the finalieesion of
Chicmgods 2030 Regional Tr ef 200% oThe pdabh pravides P| an
explicit goals andhe policy stiategies for achieving these gopaB.ot h ARC6s 2030
2040 plansand Chi cagods 20agk@es puchaas ingreased watking, s
biking, and transit usage, real time travel infatron, and maintenance prograif?.
However, Chicagods 2030 plan includes ot hi

plans. These include encouraging redevelopment andngfilhused langdaggressive
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parking pricing, locally planned langse patterns, locatiesfficient mortgages, and
balanced zoning throughout the region to optimize overall travel pa{i®rns

Al t hough Chi cago Gand dease landeuse resuited enhacep me n
transitfriendly environmentthanis seen in Atlantait is plausible thatAtlanta could
employredevelopment and infiktrategiesand encouragemore diversdand use. Such
initiativeswould likely reduce VMT andféect fuel tax revenuen Georgia
2.1.5 Minneapolis, Minnesota (Metropolitan Council) 2030 Transportation Policy

Plan

The Minneapolis 2030 Transportation Policy Plan was adopted in November of
2010. Itcontainsmany of the same strategiésted by the Atlanta Columbus, and
Chicago MPOs in their transportatiguians, whichinclude neighborhood level zoning
and planning, detailed bike/pestrian and transit planning, more advanced pricing
schemes for parking, better job accessibility to transit and housingcargestion
mitigation and travel demand management progré@hs The Minneapolis plan differs
from the previous transportation plans by more aggressaretguragingarpooling and
vanpooling, advancing the preservation watufe transit corridors, and promoting transit
oriented development housing with a range of pr{Bgs

From the initiatives outlined in thei2030 plan, theMet r opol i t an Col
transportation objectives are also likelyréaluceVMT via a variety of measures, atitke
plan presents many explicit means of achieveugh areduction. Many of these means
correspond teimilar ongoing transportation projects or plans in the Atlanta region, such

as the Beltline and the Transpron Investment Act (TIA). These projects aim to
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preserve transit corridors, expand transit service, and incorporate technology to optimize
and maintain Atlantads existing transporta
2.1.6 2.1.6 Portland (METRO) 2035 Regional Plan

Met r o, SPMPO}aboptaddiii®035 Regional Transportation Plan in dun
of 2010. Metro and the Portland regitiave a reputatiorior being a progressive
transportation areajue to itsregional growth boundary and other innovatplanning
measures. It also has artensive bikdane network, a light rail and integrated streetcar
transit network andhas highly integrated pedestrian acceBgcause of this, the growth
of per capita VMT has stagnated in the region, such ithet now 20% of that of
comparably sizedhetro regionsn the nation(9). In conjunction with this reductioone
of the2035 pla® s e lgelctivesistetinir educe vehicle miles of

In defining performane objectives, Portland outlinegolume to capaoyt
guidelinesand performance measurks different road types or regions. Portland also
sets mode share goals for differsntregions as part of reducing driadone mode share
and increasig biking, walking, and transghareg9).

Portl andods mtesthat the region wilkattesnpt to respond to climate
change in future plans. Becaus®bile-source emissions contribute greatlyclonate
change, this statement implieg@sire tafurther redue VMT.

Many of the other regional transportation plans surveyed for this research list the
strategieghat Portland has employed during the past few decdmegever, few U.S.
cities have as much experience actually implementing these strategies as Portland. The
policiesimplemented in Portland over the past few decades evidence that these strategies

can result irsignificantVMT reductionsand thus reduced motor fuel tax revenue. When
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exami ned hol i stranspatatibnyplannifpolicies| aee mobré snnovative

andfarr eaching than those of al most any other
enact such I egislation iIis based partly on
power todo so. Thusmany legislative changes would need to occur for ARCather

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

described in Chapters 3 and 4 of this thaslisattempt to incorporate inputs to allow for

the affects of such legislative changes in the future.

2.2  State Transportation Plans

Statawvide transportation plansre similar to the regional transportation plans
surveyed in section 2.1, although they approach transportation issues and solutions from a
broadergeographigerspectiveAlso, because state DOTs own infrastructuieetssand
MPOs generallydo not, statewide transportation plans dedicate more attention to the
condition of the bridges, roads, and other assets wélstate.In particular statewide
plans carsignificantlyinfluence travel behavior via investments aagislation. 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 transportatiolap was finalize in January of 2006While the
planwas finalized in early 200@&nd thereforeloes not account for the events of the past
six years, including the highnd volatilefuel pricesseen since2008 the continued
economicrecessionandthe accompawging highrates of unemployment, it still includes
many transportation policieplans and projections, specifically relevant to rydiar

travel trends irGeorgia.
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One of the strongest VMT indicators for a given aregrngjected absolute
population growth. ur e 9 il Il ustrates the 2035 pl ant
region within Georgia. It is important to notice that statewide plan projects the

Atlanta regiornto have the highesibsolute and percentagewthrate(10).

Percent 2000-2035 Growth Rates
100 —

| O Populafon Srowih Bate Wl Ermelovment Srovwth Raﬂ

30+

Albamy Atlanta Brunswick Colambus Gadresville Foms Wamer Fist of

Athens Aungusta Chattancoga Dralton Macon Savannah All
Source: Woods & Poole, Economy.com, Georgia Drepartment of Labor,
Governal s Office of Planming and Budget, Cambrides Systematics, Inc.

Figure 9: Projected Population Growth (10)

The Georgisstatewide plamdentifiesthe following factors that could affeftiture
economic growth: military spending, global recession, increasingl forices,
outsourcing, and the increasing agfebaby boomerg10). Many of thesefactorshave
already influencedthe Georgia economyi n t he past Si X gears
publication, ashere has been a recession, fuetgs have increased, outsourcing ha
occurred, and the baby boomer generation has entieee@0+ age cohort.Based on
current federal legislationt is also now likely that military spending will decrease,
which will affect Georgi@ s p o p u | anomyshrough Inoth the dosure of military
bases and decreased employment at defense contractors like Lockheed Glartinr gi a 0 s
future economic climate affects both personal and freight VMT, as the economy impacts

employment and population decisions a#l @& the movement of goods.
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Despite the recent economic downturn i f one assumes the
population growthprojections to be reasonable, then i s expected that
will become more congested. Figure 10 shows the predicteline in the level of
service of the stateods -bubdsckrariob.yFromt#fgureon und
one can see that the state expects significant increases in congestion by 2035, regardless

of any realistic service capacitycreass.
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Figure 10: Projected Level of Service in Georgia under Build and No Build
Scenarios(10)
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Also contributing to deteriorating level of service is increased freight traffic. The
2035 plan predicts that fght traffic (in tonmiles) will increase 171 percent from 2005
to 2035, and that the modbareof freight by truckwill also increas€10). This means
that there wild/ be significant lygarsnmihis e t r u
growth in truck trafficwill influenceGD O T Bighway maintenancéudget via both
expenditures andeceivedrevenue. Freight trucks damage pavements much more than
passenger vehicles, and trucks have the potential to generate additiomaierene

weightdistance and other funding mechanisms.
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The 2035 plan also projects future fuel tax revenue. It states that intOp&n
projected arexpected annual growth rate of 1.33W), however, thevolatile revenus
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 datanay prove to beout of date due taecent economic events
However, thep | abroddpopulation and congestion projectioretain relevance
2.2.2 California 2025 Statewide Transportation Plan

The California 2025 Statewide Transportation Plan addresses many of the same
i ssues a stateWieeplangliscasées in section 2.2.ihcluding thecondition of
existing infrastructure, population growth, changes in demographics, and projected
congestion albeit specific to California However,Cal i f or ni ad sdoest at e wi
devote more attention to technology and its potential impeattsn comparedto
Georgiabds statewide pl an.

California is at the forefront of transportation technologthe United Stateslue
in partto Silicon Val |l ey 6s 1t andtiemaed farinnovatop that stems e
from the highlevelsof congestion anthe mobile sarceemissions prevalent isouthern
California andin the Bay Area Technology may change the way people drive via new
vehicle types such aglug-in hybrid, electric, anddr fuelcell vehicles. It may also
change the way vehicles interact, using sengodshortrange communication to detect
other vehicles and obstacles, resultingafety improvementsn addition,it may change
how frequently people rive, perhaps substitutingelecommunication and of online

internet ordering
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Cal i f or nirspgpsatiors plan talso disausses land use patterns and the
housingemployment mismatch that occurs when there ishartageof available
affordable housing11). In Californig this mismatchoccurs 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 qddntry

The technologaladvances di scussed iomatiol€pldni f or ni
provide considerable food for thought.Modern technology evolves rapidly,né
predicting the vehicular and wayside innovatidhat manufacturers will implement in
the next ten to twenty years is difficulFor the purposes of this repattis important to
understand how implementing thasehnologies 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 dhe same concerns th&eorgia 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,cenomic disruptions, transportation network capacity, and major
employment relocationgl2). In addition to these variables, the plan also takes-an in
depth look at several broader topics that could change the landscapespbttation in
Texas.

The firsttopic listed isenergyresourcesandthis section discussé®w changes
in these resourceaffect travel behavior. The plan states thath residents and

transportation officials need to consider the impact of incrgdsiel prices, alternative

20



vehicles on infrastructurand potential alternatives to the motor fuel tax. The statewide
plan predicts that if household costs for transportation can remain stable by using
alternative fuels, thaiveralltransportation demanualill likely increase due to population
increases; however, it also predicts that if costs either increase or are unstable, that travel
demand could decreagi2). Because fuel supply is global, thdkectuations are just as

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

The second topids climate change. The plan mentsothat increasing
temperatures could bring a rise in sea level and more extreme events such as hurricanes
and floods(12). Theseextremeevents could disrupt coastal activity such as flights,
seaportsand railmovementand coastaloads. Increased hurricane frequency could also
result in more evacuations, requiring more disastkef revene 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 topicin the Texas 2035 Plas urban livability and sustainabléving.

The plan discusses how downtown revivals, inoigy development and infill, expanded
transit systems, and an increased desire for biking and walking options could make Texas
less autecentric and reduce peapita VMT (12). Some regions, such as Atlanta, have
alreadyincorporatedthese objectivesase vi denced by A&GQibesin 2040
section 2.1.2.

The fourth topic is changing personal travel behavior. This includes travel
demand management and congestion mam&nt measures such as HOV lanes,
carpooling, telecommuting, and modified parking standards to increase parking costs and

encourage transit ug@é2). Such measures are already in place in the Atlanta region and
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arementioned n ARCOGs 2040 regional 8%iathesfggnoaft at i o

HOT lanes.

The ffth and final topic isvehiclet ec hnol ogy . As was ment i

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

some otthese 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. Thesedes arepopulation growth,
commercial fraght, the quantity of travel per person, international imports and exports,
and how much tourist and business opportunities expand in Te2asMany of these
factors are also relevant to Georgia and caifiecttravel behawr.

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 casidered when assessing future VMT and fuel tax revenue.

2.3  Atlanta Regional Commission REMIOutput
Regional Economic Modeling Inc. (REMhas developed forecasting tool that
projects variables such as population, migration, and employmiérg. ARC uses 1B
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 sdat@ddition, he REMI softwae
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projectsthese outputfor the teacounty metro region, the twentpunty norattainment
region, all other counties in Georgia, and the entire &aje
Figure 11 shows the projected statewide growth by age cohort. Orid sbtioe

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

listed.
., Projected Georgia Statewide Population 2008040 by Age Cohori
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Figure 11: Projected Statewide Population Growth by Age Cohor{13)

Figure 12shows theprojected geographibreakdown in projected populatiorin
the figure, ficore countied represents FultonDeKalb, Gwinnett, Cobb, and Clayton,
Henry, Rockdale, Douglas, Fayette, and Cherokee countiesurrounding counties
represents the other ten countieshe Atlanta norattainment area. As can be seen from
the figure the REMI model projectthe core andurrounding counties of Atlanta grow
faster than the other counties in the state; howe¢khemo d e | projects the

population to grow13).
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Projected Georgia Population by County Location: 20@840
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Figure 12: Projected population in Georgia by County from 2008 2040(13)

Economic activity is also highly correlated to travel behavibigure 13on the
following pageillustrates the economic output of the REMI model. It shows projected
Gross Domestic ProdudBDP) in billions of dollars along with projected employment in
thousands of persons. The projection shows a steady increase in employment along with

a mae gradual increase GOR3).
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6000 Employment & GDP Projections for Georg
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Figure 13: Projected Employment and GDP for Georgia 20082040(13)

The outputs from the REMI software are recent, specific to Georgia, arettproj
many different variables within each sector. Because of this, the revenue projection

modelin this thesiguses these outputs extensively will be seen in chapters 3 and 4.

2.4  Government Reports

The following reports represent federal level analysegrafisportation trends,
issues, and data relevant to this reseafébderal policies caimpact state policy, and
thus surveying federal reports is helpful
2.4.1 NCHRP Project 20-80 Task 2: Long Range Strategitssues Facing the

Transportation Industry

ICF International authored this rep@md completedt in October of 2008 As
with the Texas statewide transportation plan in section 2.Be8 réportdescribesa
framework for identifying future trends and prédm areas tobetter prepare the

transportation sector for changes dmetter shapats transportation futurg14). In
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creating this framework, the report committassumed &b0-year time horizonand
looked beyond those issuesirrently facing thetransportationindustry  After its
completion, the resultant framewodontainedfive key forces that encompas&rious
factors and trends.

The first of these forcesenterson government and politics.This section
discusses howhenging transportation financing mechanisms would affecffitrencial
capacity toconstrict and maintaintransportation assets.lt also analyzes how the
possibility of terrorist actscan affect the design, implementation, armbst of
transportation infrasticture(14).

The second forcés economics and in particular, economic activity that drives
transportation whether through the delivery of freight goods parsonaltravel. The
report emphasizes thétis important thatransportation efficiency remain constaot
improve to ensurdravel times do not escala#s the population increases. In addition,
becausethwwor | dds economy ,ideveloproenwt indooeign matkets likec t | v e
China and India can change th@ume of transportation routes within the United States,
increasing the impetus for efficient movement of godds.

The third force in the NCHRP report discussesndgraphics and societal
choices. Population growth, migrain, the growth of certain age cohorts, and urban
development patterns will all affect travel behavior and VMT in coming y@d)s The
aging of the baby boomer generation will cause the percentage of etdgriyw rapidly
during the coming decades, whidould result in a significant number of people
transitioning to apartt i me e mp | osoftretiremend, with différent travel

behavior thareitherfull-time employeesr stay at home individuald4). 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 do volunteerwork immediately aftetheir schooing ends

As people marry later, changes in family structure @so likely to occur, withewer
married couples living together and lower birthrgied.

Environmental and Energy constrainssthe fourth force discussed that could
affect travel. Increased competition for natural resesi and increasing fossil fuel prices
could later force society touse alternate sources of fuel for vehicle propulsion. In
addition, emissiofinduced climate change could also prompt stricter emissions
regulations, resulting in alternative transportatiorms or travel restrictiond.4).

Thefifth and final force is technology. Technology could induce many changes
across the transportation landscapejuding medical advancementsomputing and
vehicle technology. Meditadvancements could dramatically extend lifespan, resulting
in increased populations and greater VMT. Computing advancements could make it
easier to telecommute vitne internet and within company intrandts4). Vehicle
tedhnology could advance alternative fuels to help the environmentaud improve
vehicleto-vehicle and vehickto-wayside communications tacreasevehicle safetyand
reduce transportation fataliti€s4).

Each of these foss could have a significant impact on VMT in Georgia. While
some of the demographic and governmental factors are specific to Gdeogeal
transportation policiesan have major impacts dransportation in Georgia. Technology
advancements, economiwigags, andenvironmental constraints couédiso 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 followup to the reportletailedin section 2.4.1 and featured
many different guest speakeexross many industries. The workshop was organized to
include input from experts to consider the transportation atspeesulting from factors
such & demographic shiffsfuel shortages andlternative fuels climate changeand
environmental concerngyew funding mechanisms, pubjicivatepartnerships, and a
possible shift from a global to more local economy. The workshop was valuable
because it icorporated input from experts outside of the transportation field, which
established a broader scope and assisted in establishing whietramgportation
developments are feasible.

Several of the speakers discussed how medical advancements would gfelong |
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 selecti®) 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 patansit friendly destinationgl5). Thus, longer life spans
may not esult in significantly increased VMT.

Another area of focus at the workshop was technology. Some of the specific
examples are a fApersonal braino that <can
be at all times, akin to the neweéspplei P h o n etécknol&®y(15). This deviceor
similar devicescould reduce VMT by optimizing travel patterns and routes. Another

technology discussed is nanotechnology. anbtechnology could improvenany
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materials,such agppavementandby making them last longer and reducing tieedfor
construction andassorteddelays (15). The workshop participants predick that
autonomous vehicles and \uele-to-vehicle communication will also sodrecome more
common which could increaseroadway @pacities and improveafety (15). At the
workshop, Googl eds Mi cdaid d@hlat in(p@sermentd yn superconducting
technology will be crucial for the continued development of electric vehiclesaat
grid, andhigh-speedtrains and that thencreased prevalence of open data systems will
help provide moreredl i me tr avel i nformation, and furt
(15). In addition, reatime data may s extend to other data sources such ashgeat
traffic accidents, and environmental emissjaaifowing users to react more quickly and
save time on their trip@5).

The workshop roundtable also discussed transportatboypand infrastructure
investment. One of the points made ig tik@nsportation must includaeorestakeholders
and notify them of decisionsarlier in thedecision makingrocess Other emphasized
that transportation spending should be flatter to sugparider range omodes and that
there should be more freight investmeiio support these new endeavdransportation
agencies will need to devise and implement new transportation investment mechanisms
(15). In developing his 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 motebgl 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 lesscreational trips ankgss VMT.

29



Many of the advacements discussed the workshop aréong-term and society
may not achieve themfor decades, if at all. However, some of these ideas and
innovations such as medical advancements and transportation financing and governance,
can occur incrementally, antlus couldaffect VMT and fuel tax revenue in Georgia
the next two to three decades.

2.4.3 Commuting in America Ill: The 3% National Report on Commuting Patterns

and Trends

This extensive report catalogues travel trends in America during the 14te 20
cenury and early 21 century. These trends include trip frequency, trip length, trip
duration, temporal trip distribution (throughout tbday and week, and mode share
among others. These trends were furthrekén down by region (Midwest,08theast,
etc) and in some cases by metropolitan area. The report also included specific commuter
datg such as how many individuals traveled from the inner city to sulfliB)sBecause
this report was published in 2006, it does notraslsl 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 treds 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 behaviostratifiedby ethnicity, age, and location (urban vs. ru(a#).

2.4.4 20172025 CAFE Standards Supplemental Report
This document is a joint production of the Environmental Protection Agency

(EPA) and National Highway TraffiSafety Administration (NHTSA)It is a response to
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Presi dent O hoadeveldpsa coorligatee gragram under the Clean Air and
Energy Policy Conservation Acts to reduce emissions and develop a fleet of next
generation clean vehicles for the years 20025.

According to the report, it Isselsger Naast i o n a |
light-duty truicks, and spostitility vehicles 6 meani ng that it woul d
nationwide program(17). Such a program would allow vehicle manufacturers to
produce one lightuty fleet for both the EPAnd NHTSA to achieve both fuel economy
i mprovements and emissions reductions. Th
g/miles ofgreenhouse gas (GH®@pnissions in 2025 equates to an equivalent 54.5 mpg if
fuel economy improvements caused all of the 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 achievirg rbesctions, and
the political and organizational cooperatiomvolved. The report net that fullsize
pickup trucks will be treated differently than passenger cars and there may be an
emissions credit and trading system for the vehicle manufac{@@rs

Appendix Table A.1 from the supplemental report sumzearithe 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 Predictiongl7)

vear 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

Althoughthe fuel economy values shown in Table 1 are national level estimates
Georgia does not have its own fuel econa@tandardsit thuscan be assumed that these
values are a credible sourfte projecing future fuel economy.

2.4.5 Deployment Rollout Estimates of Electric Vehicles 2022015 (Center for

Automotive Research)

This report analyses the different incentives that each state has provided to
residents and vehicle manufacturers to enticeleess to buy electric or hybrid vehicles.

The report is valuable in that is provides these values on abstatate basis, based on

the current charging infrastructure in place, whereas other reports have only provided
national or regional market shapeojections. 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 2&00@
vehicles, and Enterprise Holdisighe 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 incenties and private fleets, the report atedalogueshe deployment
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of charging infrastructuravithin each state, based on market demand and government
industry partnerships such as Clean Cities. It then uses these investment projections to
predict how manlectric vehiclesvill be purchasd in each state in the years 262015

(17). The dectric vehicle market shaie calculatedby comparing the projected electric
vehicle sales against total vehicle sales to obtain a vehial&et share percentage.
Table2 shows the projected electric vehicle deployment for Georgia.

Table 2: Projected Electric Vehicle Sales in Georgia 2012015(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 Famework (FAF) is managed by th&ederal Highway
Administration FHWA) and integrates a multitude of freight databases to provide a
picture of current and projected commaodity flowsl dreight activity in the United States
(19). This framework helps this thesis in understanding how freight activity will likely
change at the state and federal lev€he 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 thighway, rail, and water freight networks to
model current and predict future congestion. Fidureon the following pagdlustrates
the FAF6s modeled 2007 ¢ ommofldwst Yhe figure ws an
indicates that Georgiabs freight traffic i
decadeq19). Thisincrease in freight growth will both increase fuel tax revenue from

freight operations and result in increased maintenance and congestion expenditures.
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Ivlajor Flows by Truck To, Frora, and Within Georgia: 2007
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Figure 14: 2007 and Predicted 2040 Truck Freight Through Georgig19)

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 soudhtesgh 2035 In
projecting these consuption rates, the outlook identifies legislature at both the state and
federal level that has the potential to affect these predictibnsurveying state energy
policies, the Outlook found that Georgia was one of 20 states that did not mandate any
renewdle portfolios(20). This lack of mandatesiay mearthat the Georgia legislature
will be less lkely to enact laws taxing greleouse gas emissions or other pollutants in the
transportation sector. Such a tax would influence VMT ansl thotor fuel tax revenue.

The report als@nalyzed multipleenergy consumption scenariosing a baseline
case, a no sunset cabatextends current renewable energy incentives and subsidies, and

an extended policy case which adopts more strinfyeheconomyassumptions. Figure

34



15 illustrates the projected consumption of transportation fuels through 2035 using these
scenarios

Figure 7. Total liguid fuels consumption for
transportation in three cases, 2005-2035

(million barrels per day)
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Figure 15: Projected Transportation Fuel Usage Under 3 Scenario0)
The report also useabesethree scenarios to predict future oil prices. Factors
affecting the price of oil includease of access and extraction, demand for liquid fuels,

and the cost of unceentional extraction. Figure ifustratesthese projectegrices

Figure 13. Average annual world oil prices
in three cases, 1980-2035 (2009 dollars per barrel)
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Figure 16: Projected Oil Price under 3 Scenario$20)
Other projections in the report include vehicle fuel economy based on varying
growth ratesn the CAFE standards, vehicle market shagevehicle type and price, fuel

economy projections for mediuduty and heawguty trucks, and annual VMT per
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licensed driveras shown in Figure7l Fromthis figure one can see that the developers
of this report expect annual VMT per licensed driver datmue to increase during the
coming decadef0). This predictioncontradicts the surveyed MPO regional plans
which thestated objective and strategieare designed to reduce VMT in the coming

decades.

Figure 73. Vehicle miles traveled per licensed driver,
1970-2035 (thousand miles)
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Figure 17: Projected Annual VMT per Licensed Driver (20)

Much of the rest of the report was dedicated to the specific technologies that
would influencefuel economy and examining energy tremdaontransportation sgors.

Overall, this report provides a wealth of credilpejectionsacross multiple
sectors vehicle types, and energy souregéshe national level through 2033 hereport
was used in this thesis &stablish baselines for model predictions and estisnacross
multiple varables in the energy sector and these estimailerovide upper and lower
bounds on the inputs for the fuel tax projection model.
2.4.8 NCHRP 161:System Trials to Demonstrate MileagdBased Road Use

Charges

This report discusses the faxs and obstacles one shoulder consider when

implementing a VMTbased transportation revenue system. Due to increasing fuel
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economy, infl ation, and t hrerecenhyearsthelmotot i on o0
fuel tax has notontributed enough revenue sustain the Highway Trust Fund. This
decline in revenue has prompted some to look to alternative revenue collection
mechanisms such as VME&es to support transportation infrastructure maintenance and
expansion.

NCHRP 161 outlines how to design andhdact largescale VMT-fee trials to
observe potential difficulties and obstacles. These obstacles include organizational and
political obstacles, such as citizensd con
implement and monitadriving, and technial obstacles, such as how new GPS and short
range communication technologies could be employed to tabulate and charge drivers for
the distance they driv@1).

The reportcites examples and knowledge gained from previoushdecied
largescale foreign trials in hopes of applying this knowledge to domestis béween
2010 and 201%21). Theimplementation and technical lessons learned from these large
domestic VMT trials would be collected pri to attempting a nationgtvel
implementation by 2020. The report lists goals and performance measures for-te& MT
system and discusses the different ways in whiclptbgram could monitor and charge
usersand the complexities of eadi these stratges(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
techical obstacles for implementatiomhe technical alysis associated with the report

is useful in analyzing how agencies would collect revenue, andatiadysis 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 Househdd Vehicle Usage by Type, Age, and Area in

Support of Market Assessments for Plugn Hybrid Electric Vehicles

This paper utilizes data from the 2009 National Household Travel Survey to
stratify vehicle usag€22). Zhou et al.further classify vehicles by age, MSA sizad
type. The statistical analysis shows that owners use vehicles 10+ years old much less
frequentlythan newer vehicles anbat drivers usaewer SUVs three times as frequently
as older SUVY22). The analysis also found that new cars are more popular in urban
areas aghan inrural areas, and that pickup trucks are mooenmonin rural areas.
Owners tend to keep pickup trucks longer than other vehicles but also tend to leave them
a home more frequently than other vehid28). 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 itn®orefrequently left at home.

This statistical report provides insight intehicle usageon an aggregate and
disaggregate basis. It helps vehicle manufacturers understandomhieins most utilize
their vehiclesand the life cycle of different vehicle types irffdient regions which
could affect vehicle technology developmentThis is important in Georgiaas the
geographic majority of the state is rural; however, rirggority of citizens livein the
Atlanta metro region and thus qualifgs living in an Mtropditan 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 NB3I)S In this
specific chapter, they examine theat®nships between urban travel patterns and
population density23). Because of its population density, New York City is unique
amongst U.S. metro areas and serves as a good region to staffg¢hshow population
densiy influencestravel behavior and specifically, VMT. The report uses 2009 NHTS to
show that vehicle ownership decreases as population density increases, and that the
number of Bvehicle households increases as population density incré€&®es These
report finds that these relationship hold both on a natibasis 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 persgnstde a tipping point in this
phenomenon(23). This same data also shows that individuals usenmuiorized
transportation and singlegccupancy vehicles less as population density incre@89s
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 variathle in

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 papar December2010to determineif there isa
discrepancypetweenGDOTO6s act ual fuel tax r eodlleethue an
based on fuel economy and VMTL.he paper also compar€se o r g i &k reverfuel e |
with other southeast statesod fuel tax reve

In assasing historical revenue trendte authorgoundthat due to the sales tax
component of the fuel tax, as fuel prices decreased and travel activity increaktak fue
revenue actually declined, and #08 when fuel prices rose abruptly, the opposite
ocaurred and fuel tax revenue increasderojectingforward through 2020the authors
predict VMT to increase at 1.8% annually and fuel tax revenue to increase 2.4% annually
(2).

Al t hough CIl ar k e, prilBaryoobjedies differdrontHtidatiod thi$ s
researchmany of the intermediate goalign, as their research predicts future motor fuel
consumption, VMT, and fuel tax revenue. While the research inthbsEscreats a
unique model, some of the input values and ssireferenced in the Clarke, Brown, and
Hauer papeproveduseful in developinghe modeldescribed in Chapters 3 and Zheir
paper is especially useful as it is includes the effe@ 6f0 8 6 s f u el price i

recession.
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2.5.2 Forecasting Highway Revenes Under Various Options

Agbelie, Bai, Labi, and Sinha at Purdue University published this piaper
October of 201424). Their research effort is similar to thesearch conducted in this
report. The research wagserformedfor the Indiana Department of Trgwstation
(INDOT). Another similarity is that thégbelie et al. papealso predicts revenue under
multiple revenue mechanisms, including motor fuel tax and Md3ed fees. While the
Agbelie et al. effort utilizes some sources specific to Indiana,atgéaned information
from sources that list values by state, dinelse sources proved to be valuable for this
presenthesis as well.

The Purduemodel calculates fuel tax revenue by first stratifying vehidie®
class by automobile, combination truckght duty truck, single unit truck, bus and
motorcycle and independentlyprojects VMT for each of these vehicle classificatjons
using income, GDP, and drivirgge population as inpu{4). The authos stratify the
vehiclesin order to obtain more uniform fuel economy classes t@anamprove fuel
consumptiorstudies

The paper then estimates and projects fuel economy by using an age cohort
survival approach, as per INDOTREN, t he software wussdukl for
tax revenug24). Within the model, VMT for each vehicle class is distributed by model
year andthent h at particular yearods fuel economy
for a given vehicle type and model yedrhe authors used GDP pyoject freight VMT,
and in doing sdrucks were split into 29 differeneightbased vehicle classifications

(24).
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The authors projected thewumber of vehicles in future years using the
aforementioneddctors of income, GDP, and driving age population as inputs. After the
number of vehicles, VMT, and fuel econorsyprojected,the authors calculatefiiel
consumption fomodel year vehicle tygdy dividing fuel economynto that model year
vehi clse&/MT. yThi® f@el consumption was then used to predict motor fuel tax
revenue based on different revenue collectiomé&aorks including the motor fuel tax
(baseling, VMT-based fees, and by adjusting fuel taxes to inflatidhe authors used
price elastities when projecting toll or felased revenwsdo properly assess the impact
of changing transportation costs on travel beha\@4y.

The Agbelie et al. paper provides a wealth of practical knowledge in
understanding how toreate a revenue prediction model, despite the fact that its intended
use is for another statdt is especially useful for this thesis as it also projects revenue
using alternative revenue methodologies.

253 The Future I sndot What IntsattisSTeed To Be: Ch

Implications for Transport Planning

Todd Litman of the Victoria Transport Policy Institute wrote this report to
fexamciemegr aphic, economic, and mar ket tren
the previous two academic reports (2.5.1 2r5d2), which attempted to model future fuel
tax revenue, this report examines factors that affect travel bet{agjor

Many of the trends | corglictim Howwheytwbuidmaffedt i t ma n
VMT. The trends hé&dentifies that would likely increase per capita VMT are decreasing
household size, longer Idgpan, modified eating habits, increasing trip frequency,

increased childrends activiti €5),Deaeasingmor e
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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 woudly Ide 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 chauitbdother trips(25).
However, these other trips, suchcas i | dr endés activities, ar e
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 &9 years of ageand increased trip chainin@5). Online purchasing
allows individuals to shop without accruing VMT on shopping trips. Saturated
automobile ownership implies that VMT growth woudlkely approach an asymptot
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 incredses in

a

expectancy Trip chaining optimizes oneds rout

starting each trip from home. Figur®& @n the following pagdlustrates the decreasing

percentage of teenagers witlda i ver 6 s | i cens e thatthisttcrease 1 mp o

occurred prior to the 2008 economic recessiod thus this decreagedriv er 6 s | i cen

permitsis likely independent of the recession
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Figure 18 Percentage of 1619 Year Olds with a Driver's License from 1963 to 2007
(25)

Litman also includes a table that predicts howedént factors willinfluence
travel demand.Thislist of factorsis shown in Tabl&.

Table 3: Factors Affecting Future Travel (25)

Factor Impacts on Vehicle Travel Demands

Demographics Signaficant declines likely due to aging population. refining baby boom.

Income Mixed. Increased mileage likely among groups that shift from low- to medinm-
income. but little growth likely among middle- and higher-income groups.

Operating costs Moderate to large declines likelv over the long term due to rising fuel prices. and
possibly more road tolls.

Travel speeds No change expected.

Land use patterns No change or decline likely due to increased urbanization and more smart growth
development.

Planning and investment | Some declines likely. particularly in urban areas. due to increased highway

practices congestion. improvements to alternative modes and more mobility management.

New technologies Some declines likely due to improved alternative modes (particularly more telework

and public transit user information), and traffic management (better road and parking
pricing systems allow more deplovment of user fees).

Consumer preferences Some declines likely due to increased preference for alternative modes. urban living
and walkable communities {motivated in part by health concerns).

Environmental concerns Some declines likely due to energy conservation and emission reduction programs
that include VMT reduction targets. leading tfo more mobility management.

Freight transport Further growth, but the growth rate will probably decline and be concentrated on
certain corridors,

This table summarized various factors expected to affect future vehicle travel.

Many of thef act or s and trends di s dlarsogshesst i n
outlined in the MPO andate transportation plamescribedn sections 2.1 and 2.2 his
research will consider each factor both independently and intelgdtveheir affects on
VMT.

2.5.4 If Cars Were More Efficient Would We Use Less Fuel?
Kenneth Small and Kurt Van Dender wrote tarsicle in the fall of 2007 for the

University of Californi ao Jhearticlaamaypes recestt i on
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fuel price elasticities in California to evaluate the rebound eéedifferent tiel prices

The rebound effect describes how fuel economy improvements can counteract fuel price
increases. Understanding this concept is importanén relating fuel price, fuel
economy, and VMT.

The Small and Van Dender article describes two partedativer response to
increasing fuel prices. First, VMT decreases by a given percentage due to increasing fuel
prices(26). If these pricesemain high consumers usuallsespond by purchasing more
fuel-efficient vehicles. Thesefuel efficiency improvementsllow 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 bthis reboundnfluenceshow effective CAFE standards mandating increased
fuel econony can be at reducing emissions, total VMT, and motor fuel tax revenue

Small and Van Dender explaihat the magnitudefdhe 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 significaninfactor
househol da)s The auhgre believe that the rebound effect will iooet to
decline with increasing urbanization, as the time costs associated with congestion
dominates fuel cost$26). The article concludes bgtating that elasticities have
continued to decline into the 2tentuy and thathe rebound effect in the first decade of
the 2£' century wadess than 6%26). However, thigarticular elasticitynay no longer
be relevant, as tharticle was published in 2007 and thus does not account fdue¢he

priceand fuel economy increase seen sip@e8s.
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2.5.5 3 Symposium on MileageBased User Fees

This paper was included as a part of the 2012 TRB conferencé aotiates
VMT -fee knowledge and lessons learned dug@fyl Specifically, itasks how agencies
can besimplement VMT programs, how agencies should coordinate VMT research and
policies, and how governments and agencies can best increase public acceaese of
transportation funding mechanism. At the symposium, attendees stated that they
believed thattate implementation (as opposed to federal) would be the most effective
means of administering a VMfBe program. Attendees also stressed interoperability,
meaning that the program should only charge drivers once per period and that one
account shoulddndle all VMT-related charge@7).

Two of the biggest concerns discussed during the symposium were public
acceptance and administration costs. Adb Icorridor study stated that administration
and operation fees could cost much as 6%20% of revenue, while New Zealand has
had a VMTfee 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% ofrevenug(27). Government distrust and privacy issues contributed most to
citizensd6 concerns. A survey found that
issues, and that increased schooling and MBHE eduation 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 VM&e would be applied tandividual 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 & MT -fee revenue system. Of particular interest is the fact that
citizens were more receptive to such a system witteasad marketing and information.
Trucker® b u oncemsase 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 Nixonpresent the results of a randalal telephone survey
conducted in March and Apri/l of 2011 to
transportation tax options. Support iedr 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 polligure 200n the following page
summarizes the responssas for each taxation typ&rom 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 VNéde, the lowest respond rate of any of the

options presente(®8).
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Gas tax: 10¢ norease with
FEVENUE 3PS on projects to
maintain sireets, roads, and highways

Gas tax; 104 Increase with
revenue spent on projects to
redduce sccidents and improve salety

Gas tax: 104 Nnoease with revenus:
spant on projecks to add more modarn,
technologlcally advanced systems

Gas tax: [0 Ircrease with revenue
epent to reduce local air pollution

Gas tax: 10 increase with revenue

dedimbed to transportation projeds
to reduce global warming

11.5¢ sales tax

Gas bmu: 3¢ Increpse per yenr for 5 years

Hileage tax: rate varies by vehide's
pollution level (avernge 1¢ per mile)

Gas tan; 10¢ Increase with Information
about average drivers annual costs

Gas tan: 10¢ increase

Mileage tax: fiac rate of L per mile

0
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40 50 ab
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Figure 19: Survey Response Rate to Various Taxation Measuréfgrawal & Nixon)

(28)

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

f uel

t

ax i ncreases

or

al

ternat

vV e

revenue

these funding mechanismsinderstanding how to gain publiagport 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 idepth look at how the trapert of people and goods
occurs in todaydés society, the energy req!
that result from this activity, and how the increase in fuel prices in 20@8ged
transportationactivities (3). Per its title, the book also examines several previous
Atransport revolutions, 0 such asl850,hhe adve
modal change in transatlantic travel in the 1950s, and the advent e$gagh rail in
Europe and Japan frorh9601985. 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 i2025(3).

In conjunction with these projections, Gilbert and Perl also provide
recommendations for how to reduce global ggeronsumption through 2025. Although
many of theirpredictions are aggressive for a nowykEar timérame, they may be less
aggreswe for more distant time framesSome of their predictions include the use of
electric jitneys and edemand personal rapid transport (PRT) vehicles, and widespread
electrification of mass transit. They also predict sigaift 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, dramatiecreases in pipeline activity, and declines in
ocean freight, as regions revert to more local econo(BjesIf economies do revert to

being more locdy focused then freight VMT in Georgia might decline significantly, as
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container ttaffic at the Port of Savannah would decrease sharply and there would be
fewerf r ei ght trucks on Georgiads roads.

Transport Revolutions provides a strong foundation for understanding how energy
and transportation interaend alsopreserng a wealth of infomation 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 gasolireases
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 $§alkem, 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 benéfitsng in a more walkable
community. Advancements in vehicle technology and more innovative transportation
revenue methods such as congestion pricing are also ané@@ed

This book was helpful in understanding the ptisd changes that could
accompany various tiers of fuel price increases wad helpfulin understanding that
peopl ebs psychol ogi cal response can vary
(29). While fuel prices willikely 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 irbanbdmerica, 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 h{30¢ Kot kinds ©pro
include the possibility of Atlanta becomin
same upward mobility that industrial cities like New York and Chicago once provided
(30). Kot kin also projects that polycentric
main downtown will become less and less \ig4l).

Kot k itheid mojeations include the idea that telecommuting will transform
rurd areas into economic hotspots by allowing -calhters and online troub&hooting
services to capitalize on cheap labor in rural areas such as the Great Plains and places like
rural Georgig30). Such employment patterns wd likely reduce VMT in these areas.

Kot kinds book provides few quantifiable
model, but it does provide a background on the history of urban and suburban living and

helps one to understand what factoayinfluenc e i ndi vi dual sé future

2.7 Databases
2.7.1 2009 National Household Travel Survey
The 2009 National Household Travel Survey (NHT$Sa comprehensive travel
survey administered by the FHWA in 20@809. The survey sampled over 150,000

households itwenty states, one of which was Geor(@a). 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, asdiel economy and
model year. The survey also collected demographic information such as household size,
vehicle ownership, and household inco(B&). The data from the NHTS is publically
available andhisthesis incorporasNHTS data in its motor fuel tax revenue model.

In addition to the data from the 2009 NHTs®veral related reports assisted the
author in understanding the data collection efforts and the resulting damlU3 er 0 s
Guideexplainst h e s ur v degtiorsmetthadlogies@md sample size goals as well
as decoding the variable abbreviations used within the datéB2s&he Summary of
Travel Trendgabuhktes and graphically summarizie® result of the 2009 NHT8n a
naional and regional level. This report also used the data gleaned from the 2009 survey
to create timeseries comparisons with similar variables from past national household
travel surveysn orderto observeaecenttravel trend¢33).

2.7.2 US Census Bureau

The revenue projection modaleveloped for this thesis needethtewide
demographic data to validate and extrapolate the 2009 NHTS data discussed in section
2. 7. 1. The U. S. Census Bureaubs 2w 9 Ame
used forthis purpose. The ACS does not sample every househotdratheruses a
smallersampleto updateand projectdata from the largescak, decenniacensus. The
2009 release of the ACS averages data from -200P8 to calculaténcome distrilition
and vehicle ownership data tte statewide level in Georgi@4). This thesis then
incorporates this data its motor fuel tax projection modeChapter 3further explains

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

The FHWAG6s Highway Performance Monitor.i
program that gathers data about the use al
The HPMS gathers data from each functional road @assany countieso ensure that
the program has established a sufficient sample size prior to extrapolating data to the state
and national leve(35). This research used the HPMS data to project heavy truck VMT

andasacredibe source by which to validate the m
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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
gualitatively how demographic, energy and environtak political, and technological
factors affect VMT and fuel economyin Georgia These factorsinfluence fuel
consumption viagovernment mandates, consumer market response, and technological
advancement.To create a model to project future revenue,ntjtetive sources were
needed. Some of these sourcestainedregionalanddata while other sources provided
nationatlevel values, depending on the variable. Section 2.7 provides a synopsis of the
databases utilizedSome of the literature surveyed deaGeorgisspecific projections,
while most only gavenational projections.Once a thorough literature revidvad been
conducted thadentified the factors that infence VMT and fuel economy, a model was
created to transition the research from a qual#ato a quantitative framework that
output fuel tax revenue.

A recentand Georgiaspecific travel database was critidal this quantitative
framework The 2009 National Household Travel Surveyovides the most recent
source ofdetailed householahcludingincome, persons per household, and elekiper
householdjravel behavior datancluding trips per day, miles traveleaind vehicledata
including vehicle age and fuel econonfgveragemiles per galloph Figure 21outlines

the literature review dctor identification, and database selection process.
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: q ] Recent Statewide 2009 National Query Georgia
Lg%ﬁgjv';e Facg’éisgfricm% AL Georgia travel Household Travelld only records from
p database Survey 2009 NHTS

Figure 20: Data Search Process

Figure 2 shows that thenodel need to pars&eorgia records from the 2009
NHTS in order to generate statistics specific to Geordihe authomade queries using
Microsoft Access to create multiple databaseorder torelate different variablesto

VMT andto better understand therelationships.

3.2 2009Model Fleet Segmentation
Prior to projecting future motor fuel tax, theodelwasfirst used to estimat@009
VMT and fuel tax revenue to compare withown 2009 values. This servamvalidate
the model 6s | ogic before proj @metmbdelgasf ut ur e
constrained to a 2009 validation because of the decision tthe2909 NHTS as the
travel database. Thimited all of the other variables in the model to their respective
2009 values Figure 22 on the following pageshowshow fleet VMT and fleetfuel

economy contribute directlio fleet fuel consumption.
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[VehicIeFueI] [ Vehicles Miles ]‘
Efficiency Traveled (VMT)

[ Total Fugl ] { Fuel Prices ]
ConsumptlonJ
Y o
[ Excise Tax Sales Tax ]
Revenue ) . Revenue

Total Fuel Tax
Revenue

Figure 21: Factors Contributing to Fuel Tax Revenue

Figure 2 alsoillustrates howfuel consumptiorand the fuel pricenfluencethe sales and
excise taxeswhich sum tatotal fuel tax revenue.To obtain more precise results, the
model stratifies the fleet by vehicle typeThis same methodology was also used by
multiple other research efforts includitigose byVasudevan and Nambisan, Agbelie et
al., and Pickrell et al36) (37) (24). This segmentatioincreases precisiopecause one
can assign morexactfuel economies to eackehicle typethan to the fleet as a whole.
Another benefit to stratifying the fleet is that it provides transportation aggerice
revenue share for personal vehicles, freight trucks, and transit vehicles, which better
i nforms of fi candrevwenuedontribdianh f | eet 6 s

The model splits theléet into personal, freight and transiégmentswith the personal
and freigh categories further splitThe remainder of this chapter details the VMT and
fuel economy calculation methodologider each fleet segmenand compares the

modeled values withNIHTS reported values
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3.3  Personal FleetCalculation Methodology

For the purposeof this research, personal vehicles represent any autor(udile
pickup truck, SUV) that onewns and drives for personal use.Modeling 2009 fuel
vehicle tax revenuefrom these vehicles equi red knowl edge of Ge
travel behavior to caldate VMT andG e o r g i apérsonakfleed fel economy.
3.3.1 2009 Personal Vehicle VMT Calculation

The literaturepresentedn Chapter 2 illustratethe wide range of variables that
influence travel behavior. These include demographic, economic, teciuablog
political, and environmental factors, some of which are difficult to represent
guantitatively. The 2009 NHTSaptures mangemographiosariables such agpersons
per household, vehicles per household, household income,gagderand housing
locaion. Al t hough many variables influesmace VMT
Amai n explanatory vari abl e .sdrveying thaiteratutet hor ¢

andbycomparing variables against VHMJueR23 om 20

illustr at es t he MAmai n saegtipnpeocesst ory variabl eo

Figure 22: Thought Process for Selecting Main Household Decisiellaking
Variable with Respect to VMT
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