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BACKGROUND

In June of 2000, the General Accounting Office (GAO) submitted a report to the Committee on Transportation and Infrastructure, House of Representatives [1].  In this GAO report, it was recommended that the Secretary of Transportation should direct the Administrator of Federal Highway Administration (FHWA) to improve the reliability of the attribution process for “… producing accurate, reliable data for use in distributing highway program funds to the States.”

As one of the activities FHWA conducted in response to GAO’s recommendation, a Federal Register notice [2] was issued on August 17, 2000.  This notice described several FHWA proposed refinements to methodologies on motor-fuel reporting by State and the attribution process.  It also served as a request for comments on the revised methodology.  On the basis of this notice and subsequent comments received, a revised methodology for on-highway motor-fuel data input from States will become effective when FHWA publishes written guidance, currently scheduled for January 2003.  To better inform States on the new procedures, FHWA has prepared a document that describes the new processes for collecting data and attributing highway fuel usage entitled “Attribution and Apportionment of Federal Highway Tax Revenues” [3].  Attribution and apportionment processes conducted annually by the FHWA to distribute Federal Highway Trust Funds (HTF) monies to the States are clearly explained in this new booklet.

This report can be treated as a supplemental document to the newly published FHWA attribution and apportionment booklet.  The focus here is to describe, in more detail, the estimation procedures that FHWA uses in completing its annual attribution process.  Specifically, this report describes the estimation models used in producing state-level consumption estimates for (1) non-highway use of gasoline; (2) Federal, State, County, and Municipal governments (i.e., public sector) use of gasoline; and (3) on-highway use of gasohol.  Figure 1 shows where the operations of these models occur in relation to the entire attribution process.

OVERVIEW 
Without duplicating the effort in explaining the attribution process in detail, a short overview is presented here.  Basically, “attribution” is the process that FHWA carries out annually to determine a State’s share of the overall on-highway motor-fuel consumption.
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Results from this process are used in estimating amounts of the HTF receipts to be attributed to highway users in each State. This information is then used in distributing funds to States through the apportionment process used in several major highway programs.  

The attribution process starts when highway-related tax revenue are collected by the Internal Revenue Service (IRS) and subsequently assigned to the appropriate tax categories – one of which is the motor-fuel excise tax.  However, the federal motor-fuel taxes are usually paid by oil companies at the point where the fuel is loaded into tanker trucks or rail cars at the terminal.  The IRS has no information on where or how the fuel is actually consumed.  Therefore, FHWA has to rely on its own attribution process to determine on-highway use of motor fuels within each State.  

The primary data sources on motor-fuel use are the motor-fuel gallons and motor-fuel tax revenues reported regularly to the FHWA by each State’s taxation or revenue department.  States use Form FHWA-551M (“Monthly Motor-Fuel Consumption”) to report gross volume fuel consumption to the FHWA, for gasoline, gasohol, highway diesel fuel, and highway liquefied petroleum gases (LPG) on a monthly basis.  Once a year, States also submit Form FHWA-556 (“State Motor-Fuel Tax Receipts And Initial Distribution by Collection Agencies”) to report their annual motor-fuel tax revenue data.  

These State-submitted data, however, are not sufficient for FHWA to accurately distribute HTF monies to the States.  Tax legislation, tax forms, and administrative procedures vary significantly among the States.  For example, exemptions or refunds for non-highway use or government use of motor fuels are handled quite differently in many States.  Also, for some States, collection of certain data may not be required according to the legislative requirements of those States.  In order to ensure accurate treatment of all States during the analysis of motor-fuel information, FHWA must make adjustments to the State data to account for these discrepancies.  Furthermore, some adjustments are necessary in order to estimate missing or non-reported State data.  

ESTIMATION MODELS USED IN FHWA ATTRIBUTION PROCESS 

The steps related to the State motor-fuel analysis used by FHWA during the attribution process are complicated and, frequently, lengthy.  A large number of mathematical and statistical formulas, as well as supplemental information from many other sources, have to be utilized in analyzing the motor-fuel data.  The complexity of this process, in fact, reflects the wide variation among State taxation structures and methodologies for defining, capturing, and reporting data to the FHWA.  

Several major steps in the motor-fuel analysis must be performed by FHWA prior to the start of the annual State-by-State analysis.  These include three estimation procedures that FHWA must perform for the following motor-fuel usage components:

1. non-highway gasoline consumption

2. government use of gasoline

3. on-highway use of gasohol (3 grades)

Each of these components is estimated by utilizing a different set of procedures and formulas, i.e., models.  These estimation models and their data sources are described in detail later in this report.

Generally, these estimation models are updated and run in the May-June timeframe every year.  As stated, FHWA must complete these estimations before the beginning of the annual State-by-State analysis, which normally starts around July.  These estimates actually represent the year before the analysis year since current-year data is not available in time.  For example, 1999 data was used during the 2000 analysis year.  Figure 2 presents a time line for the annual State-by-State motor fuel analysis procedures.  It includes a three-year analysis cycle. The process related to estimation models discussed in this report is highlighted in the figure.  As mentioned, estimation models are run during May-June of calendar year xx+1 to generate non-highway use of gasoline, public fuel use, and gasohol consumption for calendar year x.
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WHY FHWA USES ESTIMATION MODELS

The Federal fuel taxes, which make up more than 80 percent of the HTF receipts, are imposed when the fuel is first removed from bulk storage and the tax is paid by the seller.  Generally, these taxpayers are the oil companies.  Although paid initially by a company, the costs of these fuel taxes become part of the purchase price of the products and are ultimately paid by the highway users.  Using oil company tax data in attribution process would be problematic, however, because the State in which the motor fuel tax is paid does not reflect where it will be shipped, stored, or used.  Consequently, FHWA must estimate the HTF contributions from highway users by looking at tax revenue data in each State.

Typically, State revenue departments have data on motor fuels that are exempted, refunded, or taxed at other rates.  From this type of data, FHWA may be able to identify the use of the fuel and, therefore, its place in attribution of HTF.  Unfortunately, in many cases, this data does not exist at the State level and FHWA must estimate fuel usage from other sources.  

Furthermore as stated previously, motor-fuel tax programs vary from State to State.  Often, the States’ motor-fuel information systems and the data that are submitted to FHWA are not comparable.  Some States exempt or refund taxes for all fuel used by agencies of the Federal government.  A few States tax Federal highway use of motor-fuel while the others also tax non-highway fuel uses by Federal agencies.  Similarly, rules on tax exemptions or refunds for motor fuel used by State, county, and municipal government agencies also differ significantly among States.  Rather than imposing the data collection and reporting burden to the States, FHWA has opted to estimate some of these data.  

In the case of gasohol usage, very few States recognize the Federal definitions of gasohol (i.e., alcohol content of 5.7 - 7.7, 7.7 - <10%, and 10%).  Some States define gasohol as reformulated gasoline (RFG), not as a gasohol bland.  Furthermore, most States tax gasohol at the same rate as gasoline, and the tax receipts are combined for these fuel types.  Consequently, States are not able to furnish data with the level of detail required by FHWA.  A modeling approach is therefore needed so that FHWA can determine the distribution of total gasohol consumption by the three Federal gasohol tax categories.

The estimation process developed by FHWA has been designed to accurately represent States’ on highway fuel use, and to produce meaningful results to fulfill attribution process needs.  Note that, when FHWA estimates and State-submitted data are both available, FHWA makes judgements about the relative quality of the data and selects one or the other or some combination of the two data sets.  Detailed descriptions of the current models are provided in the next three sections.

THE MODEL FOR NON-HIGHWAY GASOLINE CONSUMPTION ESTIMATION 

FHWA is currently estimating private and commercial non-highway use of gasoline for individual States on an annual basis.  These estimates are provided in five major fuel use categories: agricultural, aviation, industrial and commercial, construction, and marine (recreational boating).  These estimates are used by FHWA in its efforts to separate on-highway and non-highway uses of gasoline.  FHWA presents these estimates in Table MF-24 of Highway Statistics [4]. 

On-highway motor-fuel consumption is used by FHWA to quantify each State’s share of HTF contributions and, in turn, is used in the apportionment process.  Note that FHWA is also estimating non-highway gasoline use by the public sector.  Due to the characteristic differences between the public and the private and commercial sectors, and the availability of data sources, FHWA has to use a different modeling approach to estimate gasoline use by the public sector.  The public-use estimation model will be addressed later in this report.  

The non-highway gasoline-consumption estimation model builds on estimation procedures developed by Oak Ridge National Laboratory (ORNL) for the FHWA in 1994 [5].  Data used in this model are compiled from various sources, including publications and data sets produced by Federal agencies (e.g., Census Bureau) and private organizations such as the Motor Vehicle Manufacturers Association of the United States.  The model was implemented as a Windows-based spreadsheet by ORNL, for ease of annual updates and use by FHWA.  A User’s Guide for this spreadsheet system was also developed by ORNL.  This guide provides detailed information on the operations of this model [6].

As shown in Figure 3, the non-highway gasoline use model contains several spreadsheet programs, or a series of modules.  Based on the estimation techniques applied during the model development, these modules can be separated into two groups: (A) non-highway use of gasoline by trucks and (B) non-highway use of gasoline by other equipment.  Gasoline consumption by the economic sectors of agricultural, industrial and commercial, and construction obviously can involve trucks (that are used off-highway) and other types of equipment.  Motor-fuel consumption for each of these three sectors is therefore a total of two estimates, one for trucks and one for other equipment.  Aviation and marine uses, on the other hand, include aircraft and recreational boats.  Fuel consumed by these two sectors is obtained from method-group B only.  
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Note that the methodology for estimating gasoline use in recreational vehicles (i.e., module OFFROADF), which includes fuel use by snowmobiles, off-road motorcycles, all-terrain vehicles, and off-road personal use of light trucks, was updated by ORNL in 1999 [7].  The off-road fuel use module will be briefly discussed after the discussion of other non-highway estimation modules (as part C in this section).  Due to lack of reliable data, currently FHWA does not estimate fuel consumption for small equipment (e.g., lawnmowers, snow blowers, chain saws, etc.) uses.  FHWA plans to review recent work by the U. S. Environmental Protection Agency (EPA) on off-road small engines to determine the feasibility of using this information in enhancing the non-highway fuel consumption models.

A.  Non-highway gasoline use by trucks (module APPEND)

“APPEND” is the module that estimates non-highway use of gasoline by trucks.  It contains multiple worksheets.  Linkage between these worksheets is generally done automatically by the system.  Periodic updates of data, however, need to be manually completed by the FHWA.  Estimation procedures used in the APPEND module are described after a brief discussion of major data sources.  The results of the APPEND module are used in the AGRICULT, CONSTR, and IND modules.
Data sources

The major data set used for estimating non-highway uses of gasoline by trucks is the Vehicle Inventory and Use Survey (VIUS).  VIUS is a national sample survey conducted every five years by the Bureau of the Census.  It is a part of the Census of Transportation under the Economic Census.  The most current data set available is for 1997.  VIUS provides information on trucks owned by businesses and individuals, ranging from multi-trailer combination vehicles to pickups, vans, and minivans.  Data elements contained in VIUS include: vehicle type, annual vehicle-miles of travel (VMT), major use of vehicle (agricultural, retail, etc.), percent of annual mileage for off-road use, engine type (i.e., gasoline, diesel, etc.), State in which the vehicle is registered, average miles per gallon (MPG), and other vehicle characteristics.  Because VIUS is a survey of vehicles selected based on a statistical sampling method, each record (which represents one vehicle in the survey) also includes an expansion factor that can be used to “inflate” the sample to its national representation (i.e., the universe).

Other data sources include Motor Vehicle Facts and Figures from the Motor Vehicle Manufacturers Association of the United States and Highway Statistics by FHWA.  A fuel-use growth rate factor was computed using data on the number of trucks in operation obtained from Motor Vehicle Facts & Figures and averages of VMT per truck as well as average MPG from the Highway Statistics.  The estimated growth factor was necessary so that VIUS estimate can be expanded to the analysis year.  See Appendix A for details on data sources used in the estimation models.

Estimation method

Use the latest VIUS

Before initiating the APPEND spreadsheet program, FHWA needs to ensure that the APPEND module contains the most recent version of VIUS data.  As stated before, VIUS is only conducted once every five years.  The next VIUS is scheduled for 2002 but the data will not likely be available until after 2004.  Therefore, current VIUS data component within the APPEND module will not require updates until the new data set is available. 

At the moment, Worksheet-A contains information derived from the 1997 VIUS.  This spreadsheet contains one table with five columns.  One column identifies the State and the other columns are for the four selected major uses of trucks (i.e., agricultural, construction, industrial and commercial, and personal).  Values in these four columns represent the total gasoline consumed by trucks operated off-road in the given State for each major-use category during 1997. 

How VIUS data was used

The data content of Worksheet-A was not directly extracted from VIUS because VIUS does not provide a break down of gasoline and gasohol fuel use.  Furthermore, it does not provide on-highway versus non-highway fuel efficiency of the trucks (i.e., MPG), nor the percent of off-road travel that occurred within a State.  The State of registration was assumed to be where the off-road travel took place, even though in reality, it does not always represent the State in which the truck operates.  Using information on average MPG, annual VMT, and the percent of off-road travel for each gasoline-engine truck from the VIUS data set, ratios for on-highway over non-highway MPG for each selected major-use category and truck type were computed.  These MPG ratios were then used to calculate non-highway fuel use for each State.  See the ORNL report [5] for detailed descriptions on these methodologies. 

Adjustment for non-VIUS year estimates

When the analysis year is not in the same as the VIUS year, VIUS-based non-highway estimates are adjusted so changes that might have occurred during the interim years could be captured.  As mentioned previously, a fuel-use growth rate factor was computed using information obtained from Motor Vehicle Facts & Figures and Highway Statistics.  The estimated fuel-use growth factor is essentially a combined factor based on three growth rates: number of trucks in operation, average VMT per truck, and average MPG for trucks.  These growth rates and the final fuel consumption growth factor are included in Worksheet-B of the APPEND module.  The resulting table generated by multiplying the growth factor from Worksheet-B to each of the elements in Worksheet-A table is then stored in Worksheet-C of the APPEND module. 

Separating gasoline and gasohol consumption

Because gasoline-engine trucks can use either gasoline or gasohol and VIUS does not provide direct distinctions in fuel usage, a different data source is needed to further break down the non-highway fuel use into gasoline and gasohol uses for each State.  This separation of gasoline and gasohol is conducted by using information gathered from Worksheets A, B, C, and data on gasohol consumption estimated from the gasohol model.  The gasohol estimation model will be discussed later in this report. 

Worksheet-D of the APPEND module computes gasohol shares for States, in relation to total gasoline and gasohol consumed in the State.  These estimates are calculated based on data obtained from Table MF-33GA in the most current edition of the Highway Statistics.  Worksheet-E of APPEND combines data from Worksheets A through D to obtain State-level estimates for non-highway uses of gasoline and gasohol, by three of the four major-use categories for trucks (i.e., agricultural, industrial and commercial, and recreational).  One exception is for estimates in the construction category. The fuel consumption by trucks used for non-highway construction purposes is not broken down by State.  Rather, national totals on gasoline and gasohol consumption for non-highway construction use are provided in the Worksheet-E.  The model developer felt that such design was necessary because that VIUS does not provide information that is timely enough to reflect current construction activities within the States.  The method used for allocating the total non-highway construction use of fuel to the States is addressed later in section B.

B.  Non-highway use by other equipment

In addition to gasoline use by trucks while operated off-highway, other types of equipment used for non-highway purposes also consume gasoline.  Five modules are included in this group as shown in Figure 3.  Each of these modules calculates the amount of gasoline consumed by certain types of equipment (other than trucks) for one of the five major-use categories: agriculture, construction, industrial/commercial, aviation, and marine.  Gasoline consumption estimated from these modules are then combined with those computed from the APPEND module to generate the total non-highway gasoline gallons estimates by State.  Descriptions of the five modules, including their data sources and procedures, are provided in the following sections.

Agriculture (module AGRICULT)  

Data sources

In addition to farm trucks, farm equipment (e.g., wheel tractors, cotton pickers, etc.) also consumes gasoline.  Note that two assumptions are employed in this estimation procedure.  The current model assumes that farm equipment is used solely for non-highway purposes and it does not use gasohol
.  This module uses data from the Census of Agriculture as its primary information source.  Additional data sources include the Farm Production Expenditures summary report published annually by U.S. Department of Agriculture (USDA), Petroleum Marketing Annual from Energy Information Administration (EIA), U.S. Department of Energy (DOE), and Highway Taxes and Fees published by FHWA.   See Appendix A for detail on data sources used in this model.

Estimation method

The estimation procedures for non-highway gasoline consumption by farm equipment are somewhat complicated.  Figure 4 illustrates how data flows within this estimation process.  Similar to VIUS, Census of Agriculture is also under a five-year data collection cycle.  The latest data was collected for 1997.  To ensure the module produces reliable estimates, it is necessary to periodically update the model with the newest version of Census of Agriculture data.  
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Worksheet-A of this module contains information on ratios of gasoline to total fuel expenditures derived from the Census of Agriculture and associated Farm Production Expenditures summary report.  Total fuel expenditures taken from the most recently published summary report are then used to estimate expenditures on gasoline for the analysis year.  In order to assure accuracy of the estimated ratios (i.e., gasoline to total fuels expenditures for farming), agricultural fuel use by farm equipment is further divided into two agricultural fuel-distribution mechanisms: bulk storage tanks on farms and purchases made at retail stations.  

Note that geographic detail for farm expenditures on fuels provided by the Farm Production Expenditures summary report is at the farm production region level, not at the State level.  Census of Agriculture data is used to compute each State’s share of total expenditure within each region in the Census year.  This information is stored in Worksheet-B.  Assuming State-shares for the analysis year stay the same as those in the Census year, Worksheet-B then applies results obtained from Worksheet-A to generate State-level expenditures by the two fuel-distribution methods for each State.  Using gasoline price data obtained from EIA’s Petroleum Marketing Annual and state fuel tax rates from Table MF-121T of the Highway Taxes and Fees, estimates on total gallons of gasoline used in agriculture by State, for the analysis year, are generated and stored in Worksheet-B as well.  

Worksheet-C of the AGRICULT module contains estimated shares of non-highway gasoline use by agricultural farm equipment.  These shares were estimated based on a statistical regression model developed using information collected under the Census of Agriculture.  This regression model established a relationship between the non-highway agricultural gasoline use and the number of farm equipment units used by farmers within each State during the Census year.  Again, by assuming the shares remain the same for the analysis year, the non-highway agricultural gasoline use by State can be estimated from the totals obtained from Worksheet-B.  

By combining estimates for farm trucks from Worksheet E of the APPEND module and estimates for farm equipment from Worksheet-C of AGRICULT, the process of estimating the non-highway agricultural uses of gasoline and gasohol by State is finally completed.  The resulting estimates are provided as Worksheet-D in the AGRICULT module.

Construction (CONSTR module)

Data sources

Similar to agricultural fuel use, motor fuels are consumed by both equipment and vehicles used off-road for construction purposes.  The majority of vehicles used for non-highway construction purposes is expected to be trucks and vans, particularly single-unit heavy trucks.  Therefore, this estimation is included under the VIUS framework.  On the other hand, construction equipment includes surfacing equipment, loaders, cranes, cement and mortar mixers, etc.  A lot of construction equipment is not licensed for highway use and is generally powered by diesel fuel.  At the current time, FHWA motor-fuel reporting does not include non-highway diesel usage and, therefore, is not estimated by FHWA.  

Unlike the agricultural fuel use, however, both gasoline and gasohol are considered in this model.  Besides the VIUS data set used by APPEND, a major data source used in this CONSTR module is the Statistical Abstract of the United States published by the Census Bureau on an annual basis.

Estimation method

As described earlier, national total of non-highway gasoline and gasohol consumption by trucks used for construction purposes are provided in the VIUS-based APPEND module.  State-by-State estimates of construction use of gasoline and gasohol, however, are not produced by APPEND.  Instead, dollar-values of non-residential construction contracts in each State obtained from the Statistical Abstract of the United States are used to distribute the VIUS-estimated total to the States.  This is because that data on non-residential construction contracts are much more current than the VIUS data and, therefore, can better reflect current construction activities within the States.  

The computation process in the CONSTR module is more straightforward than the AGRICULT module.  Data contained in this worksheet include State-level values of non-residential construction contracts extracted from the most current Statistical Abstract publication.  The module computes the State shares of the total non-residential construction contracts, takes the total non-highway gasoline and gasohol consumption estimates for construction uses from the APPEND module, and distributes the totals, according to these shares, among the States to obtain State-by-State estimates.  

Industrial/Commercial (IND module) 

Data sources

The majority of the vehicles used for non-highway industrial and commercial purposes are expected to be vans and trucks, mostly for shipping products and materials.  Again, VIUS is used as a major data source by this module.  Data on off-road use of trucks in manufacturing, mining, forestry, wholesale and retail trade business, utilities, services, rental, and for-hire transportation business are included under this category.  

Estimation method

Non-highway use of fuel by the industrial and commercial sectors is estimated in the same general manner as for the agriculture and construction sectors.  Motor fuels can be consumed by both equipment and trucks used off-road for industrial and commercial purposes.  Industrial and commercial fuel use by trucks that operated off-road was already estimated in the VIUS-based APPEND module.  Industrial and commercial equipment, which includes forklifts, sweepers, scrubbers, material handling equipment, generators, pumps, welding equipment, etc., also consume motor-fuel.  Unfortunately, due to the lack of available data on fuel used by engines in the above-mentioned equipment, the IND module only considers non-highway use of trucks in its current calculations.  That is, the current version of IND module only contains a single worksheet with data taken directly from the APPEND module.  No other computation is needed.  Further refinement of this module might be possible if new data sources can be identified.

Aviation (AVI module)

Data sources

Two major sources of aviation gasoline consumption data are used in this module.  The first one is the sale of aviation gasoline (in gallons) from Petroleum Marketing Annual published by EIA.  These data were collected monthly by EIA from all firms identified as suppliers who made the first sales of the products. Worksheet-B of the AVI module contains EIA data on aviation gasoline consumption for the analysis year. 

The second data source is data on hours flown by general aviation in each State from the General Aviation and Air Taxi Activity Survey conducted annually by the Federal Aviation Administration (FAA).  This information is included in Worksheet-A of this module.

Estimation method

The estimation procedure for aviation use of gasoline is relatively straightforward.   For most States, annual totals from the EIA aviation gasoline consumption data contained in Worksheet-B can be directly carried over to Worksheet-A.  Due to confidentiality concerns, however, data for some of the States and Washington, D.C. are not disclosed by EIA.  These missing data (those withheld by EIA) are estimated by FHWA.  

A statistical regression model has been built into Worksheet-A of the AVI module.  This regression model used a relationship found between existing EIA data on “aviation gasoline consumption” and FAA data on “hours flown by general aviation by States” to estimate gasoline consumption for States that are not disclosed by EIA.  Completed estimates for aviation gasoline consumption by all States are included in Worksheet-A of the AVI module.  

Marine (BOAT module)

Data sources

Since nearly all commercial vessels are powered by diesel fuel, the marine sector of interest for FHWA is recreational boating using outboard motors.  Furthermore, it is assumed that recreational boating does not involve the use of gasohol.  The fundamental issue here is to determine the number of powered boats in each State and the average amount of fuel each boat uses for recreational purposes.  

The primary data source used in the BOAT module is a final report compiled from the 1991 National Recreational Boating Survey.  This was a major survey of boating co-sponsored by U.S. Coast Guard (USCG) and U.S. Fish and Wildlife Service.  Additional data sources used in this module include Boating Registration Statistics published by National Marine Manufacturers Association (NMMA); Boating Statistics published annually by USCG; and the periodical of Sales & Marketing Management.

Estimation method

Two worksheets are contained in this module.  Worksheet-A begins with 1991 as the base-year for the modeling effort because data on the number of powered boats in each State were obtained from the 1991 National Recreational Boating Survey.  Using data extracted from the annual Boating Statistics on the number of registered boats by State for the base-year and the latest year, growth rate for the number of registered boats between these two years can be computed for each State.  These growth rates are then applied to the base-year to derive the estimated number of powered boats for the most current year for each State.  These calculations, along with the 1991 data and associated estimates, are included in Worksheet-A of the BOAT module.  

Worksheet-B of this module takes results from Worksheet-A to estimate the amount of gasoline used by each State for recreational boating purposes.  Using data on the average effective household buying income in each State for both 1991 and the latest year from the Sales & Marketing Management, a growth rate of the effective household buying income can be computed for each State.  These state-level growth rates are further corrected using the Consumer Price Index, taken from the Statistical Abstract of the United States, to adjust for inflation in each corresponding year.  These adjusted growth rates are then applied to the base-year (i.e., 1991) average annual gallons used per boat to produce estimates for the target year (which is a year behind the analysis year).  

Finally, the estimated average gallons used per boat is multiplied by the number of powered boats for each corresponding state to obtain an estimated total fuel use in recreational boating for each State.  These estimates are adjusted one more time to account for those boats that are powered by fuels other than gasoline (i.e., diesel).  This adjustment was made using information on the gasoline/diesel splits obtained from the 1991 National Recreational Boating Survey.  This completes the process of the BOAT module.

At this point, State level estimates from the above modules are combined into a single table (SUMMARY) to obtain a total non-highway gasoline and gasohol consumption.  This includes estimates from Worksheet-D of AGRICULT module (agricultural) and worksheets from other four modules: CONSTR (construction), IND (industrial and commercial), AVI (aviation), and BOAT (marine - recreational boating).  If a State-submitted number is also available for any of these major use categories, FHWA will evaluate quality of the reported data and compare it to the model-estimated value before accepting the State-reported number.  The final non-highway fuel use estimates are then provided in Table MF-24 of the Highway Statistics.

C. Off-road recreational motor-fuel use

Off-road recreational motor-fuel use is defined as the use of Federal-taxed gasoline, gasohol, diesel or special fuel in recreational motorized vehicles on recreational trails or backcountry terrain.  The off-road model used to estimate the total off-road recreational fuel consumption was also developed by ORNL.  The method relies on information about the total number of the vehicles of a particular type (i.e., snowmobiles, off-road motorcycles, all-terrain vehicles, and light trucks used off-road) within a State and the average annual fuel used per vehicle.  The off-road recreational fuel consumption is estimated by multiplying these two numbers together.  Due to lack of reliable data, currently FHWA does not estimate fuel consumption by small equipment (e.g., lawnmowers, snow blowers, chain saws, etc.).

These State-level fuel consumption estimates need to be further adjusted because vehicle registration data can be misleading for estimating fuel use by State.  A vehicle can very likely be used in a different State from where it is registered.  The adjustment to the State shares is based on a factor determined by the amount of rural land in each State.  This model was implemented in a spreadsheet file, OFFROADF, by ORNL.  A detailed description of this procedure can be found in a 1999 ORNL report [7].  

This completes the process of estimating non-highway gasoline consumption.  FHWA uses results generated from this annual exercise to compile information presented in Table MF-24 of the annual Highway Statistics.  The process of estimating gasoline use by Federal, State, County, and municipal entities requires FHWA to conduct a different set of analyses, as discussed in the next section.

THE MODEL FOR ESTIMATING GASOLINE CONSUMPTION BY PUBLIC SECTOR

FHWA estimates motor-fuel usage by the public sector for the same reasons that it estimates non-highway uses of gasoline.  Because taxation policies in some States treat public use of motor-fuel differently from others, using State submitted data without adjustment would create inconsistent and incompatible results that could not be used to fairly distribute Federal funds to the States.  The public sector includes Federal, State, County, and municipal governments.  On the Federal level, only civilian use of motor-fuel is of concern.  Federal military motor-fuel use is exempted from tax liability.

The model currently used by FHWA to estimate gasoline consumption by the public sector contains two parts.  The first estimates on-highway use of motor-fuel by Federal civilians in each State.  The second estimates the use of motor-fuel by State, County, and municipal (SCM) governments by fuel type and by State. 

Process for Estimating Highway Fuel Use by Federal Civilians 

Data Sources

Data used in this part of the public-use model were compiled from various sources, including publications produced by Federal and private organizations.  The number of federally owned vehicles that are operated by civilian departments and used in each State is obtained from Table MV-7 of the Highway Statistics.  There is a one-year lag for this publication.  Data used in the analysis year will therefore be one year behind.  Data on the annual estimates of gallons used per vehicle are obtained from the Federal Motor Fleet Report [9] published by U. S. General Services Administration (GSA).  The latest information available from the GSA report was for 1997, however.

As in the non-highway model, the procedure used for estimating Federal civilian fuel use has been implemented into a Windows-based spreadsheet computer system.  These spreadsheet files are designed in such a way that annual updates and analyses can be easily done by FHWA.  A user’s guide was developed by ORNL, which provides detailed information on the operations of this model [10].

Estimation Method

The methodology used in estimating Federal Civilians highway use of motor-fuel for all States was developed by ORNL in 1992 [8].  The methodology was based on the simple concept of multiplying the number of vehicles by the average gallons consumed per vehicle to derive the total amount of fuel used.  This part of the public-use model consists of four modules.  The relationships between these modules are presented in Figure 5.  
Unlike the non-highway fuel use model, the estimation process of the Federal-use model is straightforward.  It begins with extracting data from Table MV-7 of the latest publication of Highway Statistics to update the worksheet contained in the FEDVEH module.  The data of interest is the number of Federally owned cars/vans, buses, trucks, and motorcycles that are operated by civilian departments and used in each State.  

The next module is FEDCOEF, which contains two worksheets.  Information taken from the latest GSA report [9] is stored in Worksheet-B of this module.  It includes data on fuel consumption and average in-use vehicle inventory for various vehicle types by Federal agency.  Using these GSA data, Worksheet-B derives estimates of per-vehicle fuel consumption for each vehicle type.  These estimates are then automatically transferred to Worksheet-A in the same module for further computation needs.  

Note that GSA data are not separated by fuel type.  Additional processing is therefore required in order to generate the needed level of detail.  To accomplish this, several parameters needed for distributing fuel consumption into different fuel types, as well as breaking fuel usage into on- and off-highway uses are included in Worksheet-A of the module FEDCOEF.  These parameters (or “coefficients”) were estimates obtained from the SCM part of the model, which is discussed later in the SCM section.

The third module in the Federal-use model is called FEDCALC.  As is explicitly indicated in its module name, here is where the main calculations are performed.  FEDCALC combines data from FEDVEH and FEDCOEF to calculate Federal on-highway fuel consumption by vehicle type and by State.  Non-highway Federal use by State is then estimated by applying a percentage (taken from the FEDCOEF) to the total on-highway use for each given State.  Finally, the FEDMAIN module takes results from FEDCALC and uses parameters from FEDCOEF to further distribute these estimates into gasoline, gasohol, and diesel fuels by State.  This ends the process for estimating Federal civilian motor-fuel consumption in each State.

Process for Estimating Fuel Use by State, County, and Municipal Governments

Data Sources

The method used in estimating motor-fuel uses by State, County, and municipal governments for all States was based on results from a study conducted by ORNL for FHWA in 1994 [11].  It uses population and land-area of a region (e.g., State, County, or city) to estimate fuel used in that region.  The basic estimation equations were developed using data collected from a statistical sampling survey of SCM governments in the U.S., which was conducted as part of the 1994 study.  

The SCM part of the public-use model consists of ten modules.  Flows between these modules are presented in Figure 6.  Although the number of modules involved in this model seems large, the methodology is in fact fairly simple and straightforward.  

Estimation Method

Three of the modules, STATE, COUNTY, and CITY are used to hold population and land-area data for each respective type of geographic region for the analysis year.  Module PCOEF contains parameters (or coefficients) for the regression equations that describe relationships between fuel consumption, population, and land-size for each type of regions (i.e., State, County, and city).  Detailed technical descriptions on these regression equations and how they were developed can be found in Miaou et. al. [11].  PCOEF also contains several percentages derived from the survey data.  These percentages are used in the public-use model to divide the total fuel consumption estimates into on-highway and off-highway uses, as well as to distribute them among different fuel types.

The PCNTYTOT and PCITYTOT modules combine information from PCOEF with populations and land-area data from the COUNTY and CITY modules, respectively, to estimate the total fuel consumption in their respective regions.  Results from these modules are then transferred into associated calculation modules, PCAL_CNT and PCAL_CTY, for county and city respectively.  With information from PCOEF, PCAL_CNT and PCAL_CTY further breakdown the total fuel use estimates into on- and off-highway and then distribute them by fuel type.

On the State side, the PCAL_ST module uses data from STATE and PCOEF to estimate total fuel used by the State government.  It also uses information from PCOEF to separate the total estimates into on- and off-highway uses and to divide them by different fuel types for each State.

Finally, the PMAIN module sums over the three sets of estimates obtained from PCAL_ST, PCAL_CNT, and PCAL_CTY to produce a set of total SCM estimates.  To account for underreporting in certain areas under the SCM sample survey (e.g., school systems), a final adjustment is made to the estimates in PMAIN. 

Total Public Fuel Use 

This completes the process of estimating public-use fuel consumption.  Results from FEDMAIN and PMAIN are entered into other FHWA worksheets through automatic spreadsheet links.  These estimates are used in the MF-20 analysis where FHWA determine whether State-submitted or model-generated data should be used.  

Prior to continuing with State-by-State analyses, FHWA must run another model to obtain estimates of on-highway gasohol consumption by State.  The gasohol estimation model is discussed next.

THE MODEL FOR HIGHWAY GASOHOL CONSUMPTION ESTIMATION 

Background Information

Similar to the need for estimating non-highway and public-use fuel consumption, FHWA also needs reliable estimates of gasohol consumption.  This information is not only used for Highway Statistics, it is used in the FHWA attribution process, which in turn allocates Federal highway funds to the States.  The Energy Policy Act of 1992 (EPACT) taxes gasohol based on percent ethanol by volume.  These grades are available at 10%, 7.7%, and 5.7%.  IRS taxes the three different kinds of fuels at different tax rates.  

Only one State (Washington) currently recognizes or defines in legislation three types of gasohol.  Since highway-funding attribution is based on Federal motor-fuel tax revenue, FHWA has to determine gasohol revenues attributed to each State using the Federal definition of the three types of gasohol.   

Methodology and Data Sources

The model for estimating gasohol consumption was developed by Battelle under a contract with FHWA in 1994.  The original model was reviewed and updated by Battelle for FHWA in 1999.  The purpose of the review was to validate and verify the data as well as to evaluate the goodness of the regression equation used in this gasohol estimation model - specifically, how this equation performed in determining gasohol usage for the States.  

As a result of this work, the gasohol estimation model was revised.  The updated model accurately reflects new data identified during the 1999 study.  The screen design of the model (i.e., user-interface) was also updated to improve the ease of transition between data tables maintained by FHWA.  The assessment of State data on gasohol, the analysis of the regression equation, and the conclusions drawn from this effort were documented in the 1999 Battelle report, Gasohol Estimation Model Review [12].

Major data sources used in the gasohol estimation model are FHWA Form-551M and IRS quarterly tax revenue data.  Information collected from contacting States through a questionnaire survey conducted as a part of the 1999 model review activity was also used.  State responses to this survey are documented and provided in Gasohol Estimation Model Review, State Responses to Questionnaire [13] by Battelle.  An overview of this gasohol estimation model is presented in Figure 7.  A description of these procedures is discussed below.

How Does the Process Work

The gasohol estimation model consists of two spreadsheet modules: ESTNEWxx and IRSxx, where xx denotes the analysis year.  For example, files used for analysis year 2000 are named ESTNEW00 and IRS00.  ESTNEW00 is the main analysis module for the gasohol estimation model, while IRS00 contains control totals for calibration of the model. 

Computing the Control Totals

IRS00 contains revenue data collected from IRS-Form 720 (Quarterly Federal Excise Tax Return) for the four quarters in tax-year 2000.  As mentioned before, IRS data is available only at the national level.  Total quarterly tax liabilities ($) and tax rates on gas-for-gasohol and gasohol-sold, for each of the three types of gasohol, are obtained from IRS and entered into the worksheets in IRS00.  This module then computes the total gallons of fuel used quarterly in each blend of gasohol by dividing the tax liability with its corresponding tax rate.  Refunds and credits on gasohol are handled in a similar manner.  IRS data do not separate refunds and credits by the three blends of gasohol.  The shares of refunded or credited tax liability among these three types of gasohol, therefore, are assumed to be the same as the shares calculated from those quarterly reported total tax liabilities.  

After adjusting amounts associated with refunds and credits, total gallons of ethanol used in gasohol are calculated for each quarter.  These quarterly totals are consolidated into an annual national total in the IRS00 module.  The gasohol estimation model then applies this number to calibrate the State estimates obtained from the ESTNEW00 module. 

Use of State-Provided Data

FHWA receives the amount of gasohol consumption (in gallons) from States as reported on the FHWA-Form 551M.  These data are entered into a worksheet in the ESTNEW00 module as an input to the estimation model.  These State-reported gasohol consumption estimates are multiplied by an ethanol adjustment factor to calculate the gallons of ethanol that are used by each State.  In general, the ethanol adjustment factor used for most States is 10% (i.e., a 10 percent blend).  Different adjustments were made to acknowledge under-reporting in some States found by interviews conducted under the 1999 model review effort.  Adjustments are also made for States that use more than one blending for gasohol. Finally, for States that are not using gasohol, this factor is set to 0.  

FHWA then assesses the accuracy of State-reported consumption to select those States that represent accurate reporting of the ethanol used.  About thirty States meet the FHWA selection criteria (including States that do not use gasohol).  For these selected States, FHWA accepts the State-provided and FHWA-adjusted ethanol gallons as current and accurate. 

Estimating Ethanol Gallons for Non-selected States

The ethanol consumption for States that are not selected by FHWA (i.e., those values were in question) are estimated using a regression equation.  This regression equation was developed by Battelle and revised in 1999.  It has been integrated into the current ESTNEW00 module.  A brief description of the regression equation is included later in this section.

Since ethanol consumption for the nation (from IRS00) and the selected States is known, the total ethanol consumption from those non-selected States can be calculated by simple subtraction.  The resulting difference is then used as a control total to adjust the ethanol consumption estimates produced from the regression equation for those non-selected States.  More specifically, State-level ethanol consumption estimates produced by the regression equation are added to form a total for these non-selected States.   Regression-estimated consumption for each non-selected State is then divided by this total (i.e., sum of all regression-based estimates) to produce a “share” (i.e., percentage of the total) for the State.  The control total (i.e., the difference obtained from above) is then distributed to individual States according to these calculated shares.  The values from this process are the amount of ethanol consumption estimated for each of the non-selected States.  All these computations are done inside the ESTNEW00 module.

Estimates of Gasohol Gallons

The annual ethanol consumption by State, either from State-provided data or by regression-estimation, is adjusted one more time to determine the total gasohol consumed by each State.  This adjustment is done by taking a State’s ethanol consumption and divides the number by its percentage blends of gasohol (i.e., at 5.7, 7.7, or 10 percent).  The percentage blend for each State is provided on FHWA-Form 551M.  Many States do not report their percentage blend, however.  Data collected from the 1999 Battelle survey is therefore used in the ESTNEW00 module for these States.

A Brief Look at the Regression Equation

The regression equation used in the above-mentioned process is described briefly here.  This equation was built into a worksheet within the ESTNEW00 module.  FHWA performs the necessary updates on State sales and other input data elements contained in this module with the latest information available.  The system then proceeds to re-calculate the gasohol consumption estimates for each State.  

The regression equation was derived based on relationships between gallons of ethanol consumed by a State and several other explanatory variables.  These explanatory variables include the proximity of an ethanol plant to the subject State, the amount of the ethanol producer’s incentive in the State, the amount of the blender’s incentive in the State; the total amount of gasoline used in the State, and a carbon monoxide factor.  The proximity of an ethanol plant to the State is a factor that reflects ethanol production capacity in the State.  Ethanol incentives provided by the State are used to encourage the use of ethanol-based fuels and, therefore, can affect the sales of the ethanol product.  Not surprisingly, ethanol usage in a State is highly correlated with the total amount of gasoline used in that State, both non-blended gasoline and gasohol blends.  Therefore, this variable (i.e., total gasoline usage) is also included in the model for estimating ethanol use.  Besides the obvious associations between gasoline and ethanol consumption, a major advantage of using this information is that the data are readily available from State-submitted Form-551M.

The carbon monoxide factor used in the regression analysis was calculated based on the market share of ethanol and adjusted by the percentage of vehicle-miles traveled (VMT) within the ethanol fuel area.  Battelle used data produced by EPA on the percentage of ethanol market share in carbon monoxide non-attainment areas to calculate weighted average market shares for States.  These State market shares are then multiplied by their associated VMT adjustment factor for each State.  These VMT adjustment factors are computed as the percentage of travel within an oxy-fuel area in relation to total travel occurring within the State.  More detailed description on the regression model can be found in the 1999 Battelle report [12]. 

This completes the gasohol estimation model and, at this point, FHWA is ready to begin its annual State-by-State analysis.

BRINGING THE PIECES TOGETHER 

When FHWA completes the three estimation processes and calculate State motor-fuel consumption for non-highway, public, and gasohol uses, the annual State-by-State analysis begins.  This normally starts around June-July of the year following the analysis-year (see Figure 2).  FHWA begins its preparation of an annual FHWA-551M Summary for a State as soon as the monthly motor-fuel data are completed for that State.  FHWA checks the total from FHWA Form-551M against to Form-556 to ensure reported consumption (in gallons) and receipts (in dollars) are within acceptable limits.  Additional adjustments may be required when differences are identified.  Depending on the scale of such differences, FHWA may contact a State for an explanation.

FHWA conducts the motor-fuel gallon analysis under a data processing component called MF-20 Analysis.  The MF-20 file for each State contains consumption by fuel type (gasoline and special fuels), use (highway/non-highway), and tax status (exempt, refunded, at-other-rate, etc.).  The purpose of the MF-20 Analysis is to subdivide fuel consumption into several categories.  The most important categories being highway versus non-highway use.  The distinction between public versus private and commercial is secondary.  At this point in the process, estimates generated by the FHWA models for non-highway and public uses are automatically entered in the MF-20 spreadsheet for the applicable State.  Using these data, FHWA proceeds with other components in the attribution process.  These processes are out of the scope of this report and are not included here.  Descriptions of these processes can be found in the FHWA attribution and apportionment booklet [3].  

In addition to using the fuel-use estimates from the three consumption estimation models to aid the FHWA attribute process, final estimates from the three models are also used in producing Highway Statistics motor-fuel-related tables for the analysis year.  For example, the non-highway use of gasoline by major uses is published in Table MF-24.  A summary of the non-highway and public uses are included in Table MF-21.  Gasohol estimates are presented in Table MF-33E.  On-highway use of motor-fuels by State is given in Table MF-27.  Besides these motor-fuel-related tables, the model-generated estimates are also used in calculating State shares of the HTF receipts by FHWA.  Therefore, they directly affect the data quality in several highway finance tables published in the Highway Statistics (e.g., Tables FE-9 and FE-221) as well.

SUMMARY 

The vast majority of State-submitted estimates of motor-fuel consumption are for on-highway use.  Only 2-3% of the total consumption is in question as to on/off highway uses in States.  The estimation processes described in this report are needed to ensure consistency.  Moreover, because of the differences in State data reporting, FHWA has to evaluate and adjust the data submitted by the States to account for any unequal reporting of certain fuel uses.  

The main purpose of this report is to better inform the States concerning the analysis process and estimation models currently used by the FHWA.  The goal is that, by improving the States’ understanding of these models, FHWA can help the States improve the quality of the data they submit.  Furthermore, with better knowledge of current FHWA models, States can provide input and feedback to the FHWA for future model improvements.
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APPENDIX A. ACRONYMS

DOE


Department of Energy

DOT


Department of Transportation

EIA


Energy Information Administration

EPA


Environmental Protection Agency

EPACT

Energy Policy Act of 1992

FAA


Federal Aviation Administration

FHWA

Federal Highway Administration

GAO


General Accounting Office

GSA


General Services Administration

HTF


Highway Trust Fund

IFTA


International Fuel Tax Agreement

IRS


Internal Revenue Service

LPG


Liquefied Petroleum Gases

MPG


Miles per Gallon

NMMA

National Marine manufacturers Association

NHS

 
National Highway System

ORNL


Oak Ridge National Laboratory

SCM


State, County, and municipal

TEA-21

Transportation Equity Act for the 21st Century

USCG


U.S. Coast Guard

USDA


U.S. Department of Agriculture

VIUS


Vehicle Inventory and Use Survey

VMT


Vehicle Miles Traveled

APPENDIX B. LIST OF DATA SOURCES

(still on-going)

�  Farm equipment operates on diesel fuel is not in-scope here because non-highway use diesel is dyed and therefore is non-taxable.  Moreover, this assumption was made due to data limitation encountered during the model development in 1994.  Review of currently used modeling approaches as well as further investigation on new data sources will be conducted in a separate follow-up task.
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