
 

 

 

OFF-HIGHWAY AND PUBLIC-USE 

GASOLINE CONSUMPTION 

ESTIMATION MODELS USED IN 

THE FEDERAL HIGHWAY 

ADMINISTRATION 
 

Final Report for the 2014 Model Revisions and 

Recalibrations 

 

 

 

Publication Number ï FHWA-PL-17-012 

 

 

 

June 2015 

 
 

 

 
 



 

 

 

Notice 

This document is disseminated under the sponsorship of the United State Department of 

Transportation in the interest of information exchange.  The United States Government assumes 

no liability for its contents or use thereof.  This report does not constitute a standard, 

specification, or regulation. 

 

The United States Government does not endorse products or manufacturers.  Trade 

manufacturersô names appear in this report only because they are considered essential to the 

objective of the document. 

 

Quality Assurance Statement 

 

The Federal Highway Administration (FHWA) provided highway-quality information to serve 

Government, industry and the public in a manner that promotes public understanding.  Standards 

and policies are used to ensure and maximize the quality, objectivity, utility and integrity of its 

information.  FHEA periodically reviews quality issues and adjusts its programs  and processes 

to ensure continuous quality improvement.   
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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 processes[1].  In general, the allocations to states are based on 

state-reported motor fuel data and the results of the U.S. Department of Transportation (DOT) 

Federal Highway Administration (FHWA) HTF attribution process.  

Prior to the Moving Ahead for Progress in the 21
st
 Century Act (MAP-21) of 2012, each 

apportioned program had its own formula for distribution, and the total amount of Federal 

assistance a state received was the sum of the amounts it received for each program.  During the 

annual attribution process, the FHWA determined a state's share of the overall on-highway motor 

fuel consumption and estimated the amount of HTF receipts to be attributed to highway users in 

each state.  This information was used to distribute funds through the apportionment process for 

different highway programs.  Now MAP-21 provides a total apportionment for each State and 

then divides that State amount among individual apportioned programs.  

As a part of the FHWA process, models are utilized to estimate portions of motor fuel use data. 

Specifically, estimation models are used in producing state-level consumption estimates for (a) 

off-highway use of gasoline and (b) federal, state, county, and municipal governments (SCM) 

(i.e., public sector) use of gasoline.  These models, which were built using 

mathematical/statistical formulas and supplemental information from other information sources, 

are used to aid FHWA program analysts to complete the attribution process.   

The FHWA has to use models to achieve uniformity and accuracy across the states for two main 

reasons: (1) state-submitted data are not sufficient for the FHWA to distribute HTF funds 

accurately; and (2) states historically have been unable to provide actual and reliable data in 

certain motor fuel uses (e.g., off-highway gasoline uses).  Note that prior to 2005, a gasohol 

model was also used by FHWA during the HTF attribution process to estimate state-level 

gasohol consumption in three blends.  This model was discontinued after the federal tax rate for 

gasohol was changed to the 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 estimate off-highway fuel consumption.  A 

non-technical report [2] describing the methodologies and data sources of all these models was 

summarized by ORNL in early 2002.  During that year, ORNL assisted the FHWA in conducting 

a Motor Fuel Modeling Workshop in Alexandria, Virginia, to communicate FHWAôs attribution 

process to the states.  The purposes of that workshop were to provide state and FHWA field staff 
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with an understanding of the various models that affected state's data and HTF attribution, and to 

obtain state input on these models and potential alternative data sources. Based on the outcomes 

from that workshop, the models used to estimate off-highway gasoline consumption were 

streamlined and updated by ORNL.  The 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 years thereafter.  

1.2 2008 MODEL UPDATES 

In 2008, ORNL conducted another modernization effort on the 2002-developed integrated non-

highway gasoline consumption estimation system for the FHWA[3].  This 2008 review updated 

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

VIUS data [4].  This update process also revised the methodology applied under the ñagricultural 

gasoline uses by equipmentò module to resolve certain issues caused by availability changes in 

the data source that occurred after the 2002 system was developed.  An update on the SCM 

populations and their forecasts used in the public sector models was also implemented. 

In addition, the 2008 study also devoted effort in investigating the potential use of estimates 

based on the U.S. Environmental Protection Agency (EPA) NONROAD2005 model
1
.  

Comparisons between estimates generated from FHWAôs models and the NONROAD2005 

model were performed on comparable economic sectors; pros and cons of those EPA 

NONROAD2005 model-based estimates were also addressed.  Based on the 2008 review, 

FHWA decided that further in-depth examinations of the EPA NONROAD model were 

necessary before they can be accepted and integrated into the processes of estimating non-

highway gasoline consumption.  Thus, FHWA continued to use the 2008-updated ñNon-highway 

Gasoline Consumption Estimation Modelsò during its HTF allocation process.  

1.3 CURRENT STUDY 

Prior to 2007, Census collected VIUS data in 5-year intervals, following the same schedule 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 series.  The loss of 

updated VIUS data means a prolonged use of the 2002 VIUS data beyond its ñnormal lifecycleò 

of 5-6 years after its release.  This inevitably raised many concerns about data qualities in 

estimates generated using the now outdated 2002 VIUS data; including FHWAôs motor fuel 

consumption estimation models.  Although an effort being led by the FHWA/USDOT to bring 

back a VIUS-like data program is currently ongoing, the release of products from such a data 

collection effort is likely to take several years.  There is an immediate need to find alternative 

                                                 
1
 Currently, the release of the model is for NONROAD2008a Model, for information see: 

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

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


 

3 

data sources and/or methods so that weaknesses in current FHWA non-highway motor fuel 

consumption estimation models can be addressed, specifically those for the 

industrial/commercial and construction sectors. 

Recently, FHWA implemented a method utilizing changes in state gross domestic product as an 

interim quick-fix adjustment factor to generate estimates for non-highway gasoline use in some 

sectors, without using the 2002 VIUS data.  Unfortunately, this method has begun to show 

questionable outputs, further prompting the need for additional reviews of the motor fuel 

estimation models.  Because of that, FHWA determined that the existing models should be 

recalibrated utilizing more current data, or reformulated in cases where their currently used data 

sources are no longer available. 

There are eight sector modules in FHWAôs current Gasoline Consumption Estimation Models: 

 

ü Aviation,  

ü Recreational boating,  

ü Agricultural non-highway use, 

ü Industrial/Commercial non-highway use, 

ü Construction non-highway use, 

ü Federal civilian on-highway use, 

ü SCM government on-highway use, and 

ü SCM government non-highway use. 

In addition, FHWA has used a model in the past to estimate the amount of gasoline used by non-

highway recreational vehicles, including all-terrain vehicles (ATV), off-highway motorcycles, 

off-highway light trucks and snowmobiles.  Although this model was not linked with the non-

highway estimation system, results from this particular model historically have been used as a 

factor in making state allocations of funds from the Recreational Trails Program (RTP).  This 

off-road recreational vehicle model was last updated in 2004.  FHWA requested that this model 

be updated along with other sector-models under 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 2014-2015.  An overview of the integrated off-highway 

and public uses of motor fuel estimation system, currently used by the FHWA (i.e., the status 

quo), is presented in Section 2 of this report.  A major part of this Section describes all models as 

updated in 2008; including their methodologies and associated data sources.  Since these models 

and data sources were generally not changed since 2008, these discussions largely resemble what 

was presented in the 2009 ORNL Technical Memorandum [3].  
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Section 3 of this report addresses the major challenges faced in developing updated models.  

Two options of using alternative sources to replace the roles played by VIUS are discussed in 

this section, including the use of an EPA model and an evaluation of truck registration data from 

Polk (now a part of the IHS Automotive).  Revised Non-highway Gasoline Consumption 

Estimation Models, as developed under this current study, are discussed in several subsequent 

sections: including Section 4 for the Aviation model, Section 5 on the Recreational Boating 

model, Section 6 for the Agricultural sector, Section 7 for the Industrial/Commercial and 

Construction sectors, and Section 8 on the Public Use model.  The Off -road Recreational Vehicle 

model is presented in Section 9, followed by a brief discussion of gasoline consumption by major 

equipment categories not currently addressed by the FHWA in Section 10.  Finally, a summary is 

presented in Section 11. 

  



 

5 

2. CURRENT FHWA MODELS ï THE STATUS QUO 

2.1 OVERVIEW OF THE MOTOR FUEL ESTIMATION MODELS  

As mentioned, methodologies implemented in the current FHWA Off -highway Gasoline 

Consumption Estimation Models are the same as those from the 2008 updates.  As presented in 

Figure 2-1, FHWAôs current Integrated Off -highway and Public Uses of Motor Fuel Estimation 

System includes two main components: one for the off-highway (i.e., non-highway) gasoline use 

estimation and another for estimating the public use of gasoline (both on and off-highway uses).  

Fundamentally, this integrated system was built as an easy-to-use Excel spreadsheet-based tool.  

Certain worksheets in the system contain cells that require annual inputs from FHWA analysts 

during the attribution process; while others would only need periodic updates (e.g., population 

and VIUS estimates). 

 

Figure 2-1.  Current FHWA off -highway and public use of gasoline models. 

Each of the two main components of the system involves more than one model.  The component 

of off-highway gasoline use models cover five major sectors, including agriculture, 

construction, industrial/commercial, aviation, and recreational boating.  There are two separate 

estimation models under the public-sector gasoline use component; one to estimate gasoline use 
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by the Federal government and another on SCM government uses.  Estimates generated from 

each of the two components, shown with purple square boxes in Figure 2-1, are combined into 

one final fuel consumption table (i.e., a summary worksheet) for easy usage in later steps within 

the attribution process. 

Descriptions on the data sources and estimation methodology applied within each of the sector-

specific models are presented in more detail below in this section.  Note that the model for 

estimating fuel use by off-road recreational vehicles was not a part of FHWAôs Integrated 

System in the past.  This off-road recreational vehicle fuel use model is described separately in 

Section 5 of this report.  Incorporation of this off-road recreational vehicle model (or an updated 

version of this model) into the current FHWA Integrated Off -highway and Public Use of Motor 

Fuel Estimation System was not anticipated by the FHWA at the current time.   

Although the data portions of the eight estimation models (i.e., components of the Integrated 

System) have been updated twice (in 2002 and 2008), their underlying model formulations have 

not been changed since they were developed nearly two decades ago.  Readers interested in more 

detail on those model formulations are referred to a previous document prepared by ORNL under 

the 2002 update study, which was later incorporated into Chapter 2 of the FHWA report entitled 

ñFuel Tax Attribution Process Review and Documentationò [2].  To avoid unnecessary 

duplications, only brief descriptions of these methodologies are provided here.   

2.2 OFF-HIGHWAY GASOLINE CONSUMPTION MODELS  

The main system component associated with the Off -highway Gasoline Use Models, as shown in 

Figure 2-2, includes five economic sectors (oval-shape boxes).  These sectors are agricultural, 

industrial/commercial, construction, aviation, and recreational boating.  Obviously, 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) in their off-

highway operations.  Thus, total motor fuel consumption estimates for each of these sectors 

should consider gasoline usages from two areas: (1) trucks operating off-highway and (2) 

equipment utilized in the given sector.  Aviation and marine components, on the other hand, 

consider aircraft and recreational boats, respectively.  Fuel consumed by aviation and 

recreational boating sectors does not include fuel used by trucks; which means that gasoline 

consumption estimates for these two sectors are generated from the fuel usage of equipment 

(non-vehicle) only.   

Due to data limitations, the current FHWA models do not cover equipment used in industrial, 

commercial, or construction sectors.  That is, only the agricultural sector module contains fuel 

used by both truck and equipment components.  The following subsections address each of the 

five sector-based models individually. 

 



 

7 

 
Figure 2-2.  Off -highway Gasoline Consumption Estimation Models. 

2.2.1 Aviation 

2.2.1.1 Data sources 

Two major sources of data are used in estimating aviation gasoline consumption: the Prime 

Supplier Sales Volumes [5] gathered by Energy Information Administration (EIA) and the 

General Aviation and Part 135 Activity Survey[6]  conducted by the Federal Aviation 

Administration (FAA).  Specifically, data on aviation gasoline (in gallons) is obtained from an 

EIA published table based on data collected on a monthly basis from all firms identified as 

suppliers who made the first sales of the products.  Similarly statistics on the estimated "total 

hours flown by general aviation" for each state are obtained from the annual FAA General 

Aviation and Part 135 Activity Survey published tables.  The latest available data and statistics 

for this survey are for calendar year 2013. 

2.2.1.2 Estimation method 

The estimation procedure for non-highway gasoline consumption in the aviation sector is 

relatively straightforward.  For most states, annual totals from EIA aviation gasoline 

consumption as published in the Prime Supplier Sales Volumes are 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 withheld by EIA) 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 was built on a 














































































































































































































