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1. INTRODUCTION

1.1 BACKGROUND

Each year, highway users pay billions of dollars in highway excise taxes, which end up in the
federal Highway Trust Fund (HTF)Federal legislation requires, generally, that funds paid into
the HTF be returned to the states for various highway program areas in accordance with
legislatively established allocation proce$&]. In general, the allocations to states are based on
statereported motor fuel data and the resultthefU.S. Department of Transportation (DOT)
Federal Highway Administration (FHWA) HTF attribution process.

Prior tothe Moving Ahead for Progress in tB&" Century Act MAP-21) of 2012 each
apportioned program had its own formula for distribution, and the total amount of Federal
assistance state received was the sum of the amounts it received for each prograing the
annual attribution proces$ig FHWA determing a state's share of the overaltioighway motor
fuel consumption and estimadttheamount of HTF receipts to be attributed to highway users in
each stateThis information wa used to distribute funds through the apportionment process f
different highway programsNow MAP-21 provides a total apportionment for each State and
then divides that State amount among individual apportioned programs.

As a part othe FHWAprocess, modelare utilizedto estimate portions of motor fuel usdala
Specifically, estimation models are used in producing-$atd consumption estimates for (a)
off-highway use of gasoline and (b) federal, state, county, and municipal gover{&kits

(i.e., public sector) use of gasolin€hese models, which webeiilt using

mathematical/statistical formulas and supplemental information from other information sources,
are used to aid FHWA program analysts to complete the attribution process.

TheFHWA has to use models aichieve uniformity and accuracy acrdss state$or two main
reasons: (1¥tatesubmitteddata are not sufficient for tHeHWA to distribute HTF funds
accuratelyand(2) states historically have been unable to provide actual and reliablie data
certain motor fuel uses (e.gff-highway gasline uses) Note thaprior to 2005 a gasohol
model was also used by FHWA during the HTF attribution process to estimatiegthte
gasohol consumption in three blends. This mede discontinuedfter the federal tax rate for
gasohol was changedtite same rate as for gasoline in 2005.

The Center for Transportation Analysis at the Oak Ridge National Laboratory (ORNL)

developed models for the FHWA in the 1990's to estimathigffway fuel consumptionA

nontechnical reporf2] describing the methodologies and data sources of all these models was
summarized by ORNL in early 2002wuring that yearODRNL assisted the FHWA in conducting

a Motor Fuel Modeling Workshop in Alexandria, Virginiao c ommuni cat e FHWAOGS
process to the state$he purposes of thatorkshopwere to provide state and FHWA field staff



with an undestanding of the various models tladtectedstate's data and HTF attributi@and to
obtain state input on these models and potential alternative data s8ased.orthe outcomes
from thatworkshop the models used to estimate-bifjhway gasoline consumption were
streamlined and updated by ORNLhe updated models were later built into an integrated
system in September 2002 by ORNL and used by the FHWA in the attribution process for
several yeartherafter.

1.2 2008 MODEL UPDATES

In 2008, ORNL conducted another modernization effort on the-g@02loped integrated non

highway gasoline consumption estimation system for the FEB[VA his 2008 reviev updated

the 1997based Vehicle Inventory and Use Survey (VIUS) estimates with then the latest 2002

VIUS data[4]. This update process also revised the
gasoline uses by equi p meastadosehby availdbiity thanges e s ol v e
thedata sourcéhatoccurred after the 2002 system was developed. An update 8&CMe

populations ad their forecasts used in thalgic sector models was also implemented.

In addition, the 2008 study also devotefbefin investigatinghe potential use of estimates

based on th&).S.Environmental Protection Agency (EPA) NONROAD2005 madel
Comparisons between estimates generz20@5ed from
model were performedn comparable economic sectors; pros and cons of those EPA
NONROAD2005modetbased estimates were also addressed. Based on the 2008 review,

FHWA decided that further #depth examinations of ttEPANONROAD model were

necessary before they can be acatpied integrated into thgrocessesf estimatinghon

highway gasoline consumption. Thus, FHWA continued to use the@@fiedi Nn-highway
GasolineConsumptiorEstimationModel® during itsHTF allocation process.

1.3 CURRENT STUDY

Prior to 2007 Census allected VIUS data in 5Byear intervad, following thesameschedule as

the Economic Census. The anticipated 2007 VIUS data collection effort, unfortunately, was
discontinued by Census, making 2002 VIUS the last available data of the 3éwdess of

updated VIUS datameansaproledg se of the 2002 VI US data beyc
of 5-6 years after its release. This inevitably raised many concerns about data qualities

estimates generategingthe now outdated 2002 VIUS datacluding FHWAG6s mot or f uel
consumption estimation models. Although effortbeingled bythe FHWA/USDOTto bring

back a VIUSIike data program is currently ongoingerelease of products from suahlata

collection effort is likely to take several yearBhere 8 an immediate need to find alternative

! Currently, the release of the model is for NONROAD?2008a Model, for information see:
http://www.epa.gov/otag/nonrdmdl.htm



http://www.epa.gov/otaq/nonrdmdl.htm

data sources and/or methods so that weaksassurrent FHWA norhighway motor fuel
consumption estimation models can be addressed, specifically those for the
industrial/commercial and construction sectors.

Recenty, FHWA implemented a method utilizing changes in state gross domestic product as an
interim quickfix adjustment factor to generagstimatedor non-highway gasoline use some

sectors, without using the 2002 VIUS data. Unfortunately, this method has begun to show
guestionable outputs, further prompting the neeadalitionalreviews of the motor fuel

estimation modelsBecause of thaFHWA determined that the existimgodels should be
recalibrated utilizing more current data, or reformulated in cases where their currently used data
sources are no longer available.

Therear e ei ght s ect o currentGasalihe@ossumptiorEstimatidniedels:

Aviation,

Recredional boating

Agricultural norhighway use
Industrial/Commercial nehighway use
Construction nothighway use

Federal civilian orhighway use

SCM government chighway useand
SCM government nehighway use

[ ont-R A an-RR AN e e et e

In addition, FHWA hasiseda modeiin the pasto estimate the amount of gasoline used by non
highway recreational vehicles, including-tdlrain vehiclegATV), off-highway motorcycles,
off-highway light trucks and snowmobilealthough this model was not linked with the ron
highway estimatin system, results from this particular model historically have been used as a
factor in making state allocations of funds from the Recreational Trails Program (RfAIR).
off-road recreational vehicle model was last updated in 2BBAWA requested thahis model

be updatedlong with other sectemodelsunder this study.

1.4 REPORT ORGANIZATIONS

This report describes efforts conducted to revise and update the current FHWA models used in
estimating gasoline consumption during 2D45. An overview of thantegrated offhighway

and public uses of motor fuel estimation systemrently used by the FHWA (i.e., the status
guo),is presented in Sectidghof this report. A major part of thiSection describes athodels as
updated in 2008; including their mettiologies and associated data sour&ece theemodels

and data sourcegere generally nathanged since 2008 abediscussions largely resembidnat
waspresented in the 2009 ORNL Technical Memorangigm



Section 3 of this report addresses the major chalgfiaged in developing updated models.
Two options of using altertige sources to replace the roles played by VIUS are discussed in
this section, including the use of an EPA model and an evaluation ofrégiskration data from
Polk (now a part of the IHS Automotive)RevisedNon-highwayGasolineConsumption
Estimatian Models,asdeveloped under this current study, are discussed in several subsequent
sections: including Section 4 for teviation model, Section 5 on thkecreationaBoating

model, Section 6 for th&gricultural sector, Section 7 for thedustrialCommercial and
Construction sectors, and Section 8 onRiaklic Use model. Thé©ff-roadRecreationaVehicle
model is presented in Section 9, followed by a brief discussion of gasoline consumptiajoby
equipmentategoriesot currently addressed by tReIWA in Section 10. Finally, a summary is
presented in Section 11.



2. CURRENT FHWA MODELS 1 THE STATUS QUO

2.1 OVERVIEW OF THE MOTOR FUEL ESTIMATION MODELS

As mentioned, methodologies implemented in the current FEONAighwayGasoline
ConsumptiorEstimationModels are the same as those from the 2008 updates. As presented in
Figure 21 , F HWhAeantintegratedOff-highway andPublic Uses ofMotor Fuel Estimation
Systemincludes two main componentme for the offhighway(i.e., norhighway)gasoline use
edimation and another for estimating the public use of gasoline (both on anigloffay uses).
Fundamentally, this integrated system was built as anteasse Excel spreadshegdsed tool.
Certain worksheets in the system contain cells that requiteabimputs from FHWA analysts
during the attribution process; while others would only need periodic updates (e.g., population
and VIUS estimates).

The Integrated Off-Highway & Public Uses of Motor Fuel
Estimation System (FHWA Model)

Off-highway Gasoline Use Models
State II
worksheets

|
' . toial use (truck
o i A cu_lture i lolal use (ruck
used by truck | g' Industry/ [ & equipment)
g 4
2 commercial / !
| (Cpantricting 1
H
| i

Estimates of A
off-highway

use gasoline State

consumptions submitted data

|

Recreational

Boating

Summary

.............................................................................................................................. il tise
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Figure 2-1. Current FHWA off -highway and public use of gagline models

Each of the two main components of the system involves more than one model. The component
of off-highway gasoline use modelsover five major sectors, including agriculture,

construction, industrial/commercial, aviation, and recreational boating. There are two separate
estimation models under tipeiblic-sector gasoline useomponent; one to estimate gasoline use



by the Federajovernment and another &CM government uses. Estimates generated from
each of the two components, shown with puggjeareboxes in Figure -4, are combing into
one finalfuel consumption table (i.ea, summaryvorksheet) foeasy usage iraterstepswithin
the attribution process.

Descriptions onhte data sources and estimation methodology applied within eachssfctioe
specific models are presented in more detail below in this sedtiote that the model for
estimating fuel use by ofbad receational vehicleswasnat par t o fiteglated WA G s |
System in the past. This efdad recreational vehicle fuel use model is described separately in
Section 5 of this report. Incorporation of this-odad recreational vehicle model (or an updated
verson of this model) into the current FHWAtegratedOff-highway andPublic Use ofMotor

Fuel EstimationSystemwas not anticipated by the FHWA at the current time

Although the data portions of tieéghtestimation model§.e., components of the Inte¢ed
System)have been updated twice (in 2002 and 2008), their undgrinodel formulations have

not been changed since they were developed nearly two decades ago. iReadstsd in more
detail on thosenodel formulations are referred to a previousutnent prepared by ORNL under

the 2002 update study, which was later incorporated into Chapter 2 of the FHWA report entitled
AFuel Tax Attribution Process Review and Documentatigdh To avoid unnecessary

duplications, only brief descriptions of gemethodologiesire providedere.

2.2 OFF-HIGHWAY GASOLINE CONSUMPTION MODELS

The main system component associated wittOfifiehighwayGasolineUse Models, as shown in
Figure 22, includes five economic sectof@valshape boxes)These sectors are agricultural,
industrial/commercial, construction, aviation, and recreationaligpatdbviously, sectors such
as agriculture, industry/commerce, and construction can involve both trucks (used for off
highway purposes) and other types of equipment (e.g., wheel tractors, forklifts) iofftheir
highwayoperations.Thus, total motor fuetonsumption estimasdor each of these sectors
should consider gasoline usad@®m two area (1) trucks operating offiighwayand (2)
equipment utilized in the given sector. Aviation and marine components, on the other hand,
consideraircraft and reaational boats, respectively. Fuel consumed by aviation and
recreational boating sectors does inctudefuel used by truck which means that gasoline
consumption estimates for these two sectors are generated framlthgageof equipment
(nonvehicle) only.

Due to data limitationghe current FHWA modeldo not cover equipment used in industrial,
commercial, or construction sectors. Thabidy the agricultural sector module contains fuel
useal by both truck and equipment componenitéefollowing subsections address each of the
five sectorbased models individually.



Figure 2-2. Off-highway GasolineConsumption Estimation Models
2.2.1 Aviation
2.2.1.1 Data sources

Two major sources of data are use@stimating aviation gasoline consumption: Erane
Supplier Sales Volum¢S] gathered b¥nergy Information AdministratiorE(A) and the
General Aviation and Part 135 Activity Sur{8yconducted byhe Federal Aiation
Administration (FAA). Specifically, data on aviation gasoline (in gallons) is obtainedanom
EIA published table based on data collected on a monthly basis from all firms identified as
suppliers who made the first salegtod products. Simildy statistics on the estimatetbtal
hours flown by general aviatidior each state are obtained from the annual F¥ekeral
Aviation and Part 135 Activity Surveyblished tablesThe latest available data and statistics
for this survey are for calendar year 301

2.2.1.2 Estimation method

The estimation procedure for nbighway gasoline consumption in the aviation sector is

relatively straightforward. For most states, annual totals Ebfaviation gasoline

consumption as published in tReme Supplier Sales Volumaee used directly. Due to
confidentiality concerns, however, data for some states and Washington, D.C. were not disclosed
by EIA. These missing data (i.e., those withhegydEIA) have to be estimated mathematically

by the FHWA. A statistical regression model was used to estimate gasoline consumption for
states that are either missing or not disclosed by the EIA. This regression model wasabuilt on





















































































































































































































































































































