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ABSTRACT

The IntermodalSurfaceTransportationEfficiencyAct of 1991 (ISTEA)

established a National Recreational Trails Funding Program and the National

RecreationalTrails Trust Fund. ISTEA requiresthat tax revenue generatedfrom

the sales of motor fuel used for off-highway recreationbe transferredfrom the

Highway Trust Fund to the Trails Trust Fund for recreational trail and facility

improvemefits. In order to apportion the Trails Trust Fund to individual states

equitably, the Federal Highway Administration (FHWA) asked the Oak Ridge

National Laboratory(ORNL) to estimate the amount of motorfuel used for off-

highway recreation at the state level by different vehicle types. This report

documents this estimation procedure.

For this estimation procedure, off-highway recreational fuel use was

defined as Federally taxed gasoline, gasohol, diesel fuel, or special fuel used in

recreationalmotorizedvehiclesonrecreationaltrails or backcountry terrain. Fuel

used inoutdoornon-engine recreationalequipment,such as campstoves, heaters,

andlanterns,wasexcludedfromour analysis. Vehicle types included in this study

were:pickuptruck,lightutilityvehicle, motorcycle,all terrainvehicle (ATV), and

snowmobile.

Two factors governedthe development of this estimation procedure.

First, individual state shares of the total Trust Funds need to be developed using

a uniform approach. Second, data needed for the estimation procedure should be

publicly available and easily obtainable so that estimates for all subsequent years

can be generatedeasily. Estimateswere developed based on existing data sources.

Adjustment factors were developed to take into account different vehicular off-

highway recreational usage among states.
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Dataareparticularlysparse for motorcycles,ATVs and snowmobiles.

Sparse data sources led to a numberof assumptionsin thisestimationprocedure.

Theseassumptionstypicallyreflect small statevariations in vehicular off-highway

recreationalusage. In orderto improve the estimates of vehicular off-highway

recreationalusageby state, futureefforts need to acquirestate-specific data.
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1. INTRODUCTION

1.1 Bazkgxnund

The IntermodalSurface TransportationEfficiency Act of 1991 (ISTEA)

established a National Recreational Trails Funding Program and the National

Recreational Trails Trust Fund. ISTEA requires that motor fuel tax revenues

generated from the sales of motorfuel for off-highway recreational purposes be

transferredfrom the HighwayTrustFund to the Trails Trust Fund for recreational

trail and facility improvements. The motivation behind this Program was that

while taxes weregeneratedfromsales of motorfuel usedprimarilyfor off-highway

recreationalpurposes,no commensuratebenefits werereceived by those who made

those purchases. The amounts to be transferred to the Trails Trust Fund are

determined by the U.S. Departmentof Treasuryand are subject to the amounts

authorized in ISTEA and annual appropriationby the U. S. Congress.

Underthe ISTEA, the FederalHighwayAdministration(FHWA) is charged

with the developmentof stateby state estimatesof the amount of fuel used for off-

highway recreationalpurposes. These estimates will be used to apportionfunds

availablein the NationalRecreationalTrailsTrust Fund to individualstates. For

generating these estimates, off-highway recreationalfuel use has been defined as

Federallytaxed gasoline, gasohol, diesel fuel, or special fuel used in recreational

motorizedvehicles on recreationaltrails or backcountry terrain. Both registered

and unregisteredrecreational motorized vehicles are included. Fuel used in

outdoor non-engine recreationalequipment, s:achas camp stoves, heaters, and

lanternshas been excluded. The bulk of such equipmentburns a nontaxablefuel

known as white gasoline or by the trade nameColemanfuel or propane which is

taxableonly when used on highways.
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Charged with this mission, FHWA asked the Oak Ridge National

Laboratory(ORNL)to developa methodto estimatetheamountof motorfuel used

for off-highway recreationalpurposesat the state level.

1.2 parameter,q of Interest

Before an estimation procedure can be developed, it is essential to define

clearlytheparametersof interest. If a vehicle is used 35%of the time (i.e., 35%

of the totalannualmiles) for off-highwayrecreationalpurposes,only a 0.35 full-

vehicle-equivalent(FVE) is counted, and only fuel used for that 35 % of the time

is included in the tabulation. Two parametersof interestat the state level are:

N_j = the numberof the ith type of motorized vehicles ('full vehicle
equivalent")used for off-highway recreationalpurposes in statej,
and

Galu - the total amount of fuel consumed by the ith type of "full
vehicle equivalent" motorized vehicles for off-highway
recreationalpurposesin statej,

where

1, for pickuptrucksand light utility vehicles;

i ffi 2, for motorcyclesand all terrainvehicles (ATVs); and

3, for snowmobiles.

These parameters can be expressed in a tabular format, as in Table 1. For

estimationpurposes,the referenceyear t is set at 1992. Historical time series data

on N_jand Galu are used to forecast statistics for years beyond 1992.
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Table 1. Number of Off-Highway Motorized Recreational Vehiclest
and Their Corresponding Fuel Consumption

for Year t

Pickup Trucks and Motorcycles and Snowmobiles
State2 Utility Vehicles ATVs

Number Fuel Use Number Fuel Use Number Fuel Use
J ,ll i i

AL Nu Galu N2.1 Gal2.1 Na,l Gal_.l

AR Nu Gall.2 N_._ Gal2.2 N3.2 Gals.,

AZ N,,s Gal,.s Na.s Gal2.s Ns., Gods.,

CA NI.4 Gall,4 Nz4 Gal2,4 Ns,4 Gals,4

WY N,.jo C,aluo N_.jo C,at2.jo Ns.jo C,al_.jo

DC N,.j, Gal,.j, N2.j, Gal,._, N,j, Gods,e,
, I'I'

* Full-vehicle-equivalent.
Includesthe Districtof Columbia.

The restof thistechnical memorandumis organizedas follows. Section 2

documentsthe proceduresdevelopedto _timate the numberof light trucks that arei

used for off-highway recreational purposes (Nu), and the corresponding fuel use

(Galu) for year t and statej. Section 3 provides this information for motorcycles

and ATVs; and Section 4 does the same for snowmobiles. Many states have

submitted to FHWA their estimates of fuel used for off-highway recreational

purposes (in responding to the National Recreational Trails Funding Program).

This report compares the states' estimates and ORNL's estimates. Additionally,

plausible explanations of the differences between these two sets of estimates are

given for each vehicle category. A computer program is developed to generate

vehicle stock estimates (N_.j. ,) and fuel use estimates (Gal_.j. ,). Appendix A

includes the documentation for this program.
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1.3 General Mndelinv Annrnach

Estimates of the number of vehicles used for off-highway recreational

purposes are mostly based on registrationdata, with a numberof adjustment

factors. The generalrelationshipmaybe expressedas:

_l.j.t = Regt.j.t x cI × c2 × c3 (1)

where _./. t = the estimated number of the ith type of

motorizedvehicles('full vehicle equivalent")

usedforoff-highwayrecreationalpurposesin

statej yeart,

Regt.j., = the numberof type i vehicles registeredin statej and

year t;

c_ = adjustmentfactorfor unregisteredvehicles;

c2 = adjustment factor for vehicle being "used off-

highway"; and

cj = adjustment factor for vehicle being "used for

recreationalpurposes."

Fuel used for off-highway recreationalpurposesis calculatedby multiplyingthe

total number of vehicles _. j. t by the averageannual fuel use for off-highway

recreationalpurposes:
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• _t,. j.., - g.s.., × cat / Veh,.s.., (2)

where C_lt./..t ffi the estimated amount of fuel used by type i vehicles

in state j during year t for off-highway recreational

purposes; and

Gal / Vehtj,, = the average annual amount of fuel used per type

i vehicle in state j during year t for off-highway

recreational purposes.

Several constraints played key roles in the development of this general

modeling approach. First, the estimation procedures can only use data from

existing sources, and preferably from sources with historical trends and with the

likelihood of their continuing to be available. Second, the input data need to be

publicly available and easily obtained. Therefore, this modeling approach does not

make use of numerous loc.ally available data.

2. PICKUP TRUCKS AND LIGHT UTILITY VEHICLES

2.1 Estimation Prne_ure

This section describes ORNL's computational procedures to estimate the

total number of pickup trucks and light utility vehicles in each state which were

used for off-highway recreational purposes and their corresponding fuel use. For

the purpose of this study, "pickup trucks and light utility vehicles" (referred to as

"light trucks" in the rest of this memorandum) include pickups, vans, minivans,

and utility vehicles with a maximum gross vehicle weight less than or equal to
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10,000pounds. Specifically, straighttruckswith the body type of a pickup, van,

minivan, or utilityvehicle with the maximumgross weight less thanor equal to

I0,000 pounds were included in the analysis. Wheredatawere missing on the

maximumgross weigh*.,the averageweight was used. As mentionedearlier, the

total numberof vehicles used for recreationalpurposes is defmed as the total

numberof "fullvehicle equivalents'. In other words, if 30 percentof a vehicle's

total annualdriving is off-the-roadfor recreationalpurposes, then this vehicle is

countedas 0.30 of a full vehicle equivalent.

In orderto estimate the numberof light-dutytrucksused off-the-road for

recreational purposesand their correspondingfuel use, the following data are

neededfor eachstate: (1) totalnumberof light-dutytrucksregisteredin each state

(Re81, j, t ), (2) the average vehicle miles traveled (VMT) for off-highway

recreationalpurposesper truck,and (3) the averageoff-roadfuel economy (miles

pergallon (MPG)). Becausenodatasourceincludesall the informationneeded for

this calculation,several data sources have been used to estimateeach variable.

The mostcomprehensivedatasource identifiedon the numberof light-duty

trucks used for off-highway recreationalpurposes in each state is the Truck

Inventory and Use Survey (TIUS). As a nationaltransportationsurvey, TIUS

collects data on the physical and operationalcharacteristicsof the nation's truck

population.The surveyis requiredby law to be conductedevery 5 years for years

ending in 2 and 7. TIUS has been conductedby the U.S. Bureau of Census.

There are four major factors that make the TIUS the foundation for

estimating the number of light-duty trucks that are operated off-highway for

recreationalpurposes. First, TIUS respondentswere asked to report the average

percentageof the milesthatthe vehiclewasoperatedoff-the-road. The adjustment
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factor c2, as described in Equation1, can be derived from these percentages.

Second, these respondentswere also asked to report the primary use (i.e.,

personal,businczs,or a combinationof personaland 0usinessuses) for which their

vehicles were typicallyoperatedduringthe TIUS years. Any vehicles primarily

operated for business use are assumed to have no activities characterizedas

recreational. Third, informationon truckweight, body type, and configuration

was recorded so that light truckswhich met the aforementionedcriteriacan be

properly identified. Fourth, the TIUS excludes publicly-owned vehicles,

ambulances, buses and motor homes from the survey. Comequenfly, no

adjustmentis necessaryto eliminateactivitiesof the publicly-ownedvehicles from

total aggregate estimates.

In the context of Equation(1), the adjustmentfactor cl for light truck

estimates(adjustingfor unregisteredvehicles) is set at 1. This implies that all light

trucksare assumed to be registered. Adjustmentfactorc2, adjustingfor off-the-

roaduse, is simplythe averagepercentageof the miles thata vehicle was used off-

the-road as reported in TIUS. However, this input alone is not sufficient to

estimate the percentage of the miles thata truckwas operatedoff-highway for

recreationalpurposessince it is possible thata truckwas operatedoff-highwaybut

notfor recreationalpurposes. Oneexampleof thissituationis vehicles used by the

lumberindustry,which areoften operatedoff-the-road.

SinceTIUS did not explicitly collect informationon the percentageof the

annual mileage that a vehicle was used off-the-road for recreationalpurposes,

ORNL's estimationprocedureassumedthat the productof the percentmiles used

off-the-road and the percent miles used for personal use is a proxy of the

probability that a truckwill be used off-the-roadfor recreationalpurposes. This

product providesthe input for c2 × c3 of Equation(1). However, c2 × cs was
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deriveddifferentlydepending on the type of operation classification(i.e., personal,

business,or a combinationof both)underwhich the truckwas primarilyoperated.

If thevehicle wasprimarilyused f:Jrpersonalpurposes,ca (the adjustment

factorfor recreationaluse) is assumed to be one. The rationaleis that if a truck

is primarilyoperatedfor personaluse, then it is highly likely that the vehicle is

usedoff-the-roadexclusivelyfor recreationalpurposes. Therefore, the adjustment

factorfor "use for recreationalpurposes_,c3, is 1. On the other hand, if a truck

is primarily operated for business, then the adjustmentfactor for "use for

recreationalpurposes', ca, is 0. If a truckis operatedfora mixtureof personaland

businesspurposes,thenthe probabilitythatthis truckwill be operatedoff-the-road

for recreationalpurposesis approximatedby the productof thepercentmiles used

off-the-road andthe percentmiles used for personalpurposes.

Ba_e YP_r Calcnlatinn

Since the 1987TIUSis the mostrecentone withpubliclyavailabledata, the

estimation procedureset 1987 as the base year andused the 1987 TIUS data to

estimate NI,j, s7and Gal_.j, s_.

Table 2 presentsthe estimationresultsforeachstate for 1987. The number

of light trucksregistered (Regl,1,sT)was estimatedby summing the expansion

factorsof individualsampledpickuptrucksandlightutility vehicles (EXPFAC, the

mnemonic data name in the TIUS public use file for the expansion factor). The

percentage of light trucks used off-the-road for recreational purposes was
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Table 2. Estimate of 1987 Light Truck Population, Average VMT per Truck, Percent
Miles and Percent Trucks Used for Off-the-road Recreational Purposes

Based on the 1987 TruckInventoryand Use Survey
III I Pn'

Number of PercentTrucks Average VMT Percent Miles
Light Trucks Off-the-road Per Truck Off-the-road

..... Ref.jstered ....

Alabama 779,605 7.367 10,458 3.498
Alaska 147,252 3.892 8,650 3.193
Arizona 673,819 5.651 11,437 4.357
Arkansas 499,434 6.101 10,441 5.765
California 4,073,798 2.547 10,859 1.905
Colorado 830,825 5.077 9,801 4.228
Connecticut 368,130 4.008 10,796 3.220
Delaware 97,302 2.933 10,881 1.752
D.C. 16,932 3.787 9,558 2.289
Florida 1,686,602 3.069 1I,719 3.090
Georgia 1,043,230 4.299 11 467 2.758
Hawaii 140,699 6.041 9 457 4.879
Idaho 271,568 6.474 9 481 5.252
Illinois 1,250,362 3.298 10 421 2.254
Indiana 905,827 3.807 10 370 2.403
Iowa 557,445 2.609 8 997 1.984
Kansas 583,485 4.644 9 392 3.040
Kentucky 690,473 4.699 10 215 3.233
Louisiana 812,373 4.728 11 438 3.240
Maine 215,457 5.246 10 760 3.912
Maryland 551,808 3.394 11 890 2.590
Massachusetts 549,355 2.447 12 026 1.636
Michigan 1,301,830 3.994 11 872 2.933
Minnesota 690,747 3.249 10 489 2.235
Mississippi 460,260 6.746 10 518 3.923
Missouri 868,234 3.653 11,569 3.180
Montana 258,134 6.404 8,249 5.797
Nebraska 347,118 4.468 10,054 2.575
Nevada 219,378 5.347 9,894 3.520
New Hampshire 194,097 4.426 12,023 3.151
New Jersey 631,449 4.810 11,575 3.729
New Mexico 407,234 7.615 11,189 7.331
New York 1,268,290 2.676 10,601 1.963
North Carolina 1,162,234 3.427 10,115 2.420
North Dakota 184,650 4.970 8,458 3.928
Ohio 1,458,828 2.326 10,850 1.751
Oklahoma 759,614 5.366 I 1,094 4.071
Oregon 722,388 3.849 8,990 2.583
Pennsylvania 1,389,534 3.826 10,191 2.885
Rhode Island 99,953 4.567 11,252 3.356
South Carolina 510,957 4.935 11,771 3.941
South Dakota 194,817 5.398 9,083 3.635
Tennessee 889,064 4.491 10,971 3.060
Texas 3,392,642 4.174 12,197 3.003
Utah 322,628 5.060 10,019 3.919
Vermont 109,826 4.952 11,319 3.108
Virginia 977,791 4.497 10,351 3.029
Washington 978,390 4.305 10,075 2.274
West Virginia 368,984 6.821 9,578 5.857
Wisconsin 655,074 3.734 IO,349 2.643
Wyoming 187,252 8.142 8,780 5.575
U.S.A. 37,757,180 10,806

'll I'I'" '"

Source: Generated from the 1987 Truck Inventory and Use Survey (TIUS) Public Use Tape.
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estimated by the weighted averageproductof the percentmiles that a truckwas

operated off-the-road (POFFRD) and the percent miles when it was used for

personalpurposes(PPTRAN). "Ihispercentagerangesfrom 2.3 % for Ohio trucks

to S. 1% for Wyoming trucks. '_e averageannualmiles traveled per truckwas

estimated by the weighted avera,_eof the miles driven in a year by individual

trucks (ANNMIL). The percent of annual miles traveled off-the-road for

recreational purposes was estimated by the weighted average product of the

percentage of the miles that a truck was used off-the-road (POFFRD) and the

percentageof the miles that it was used for personalpurposes(PFFRAN), taking

intoaccountthe annualmilesdrivenby this truck(ANNMIL). All of the weighted

averagesareweightedby the sampleexpansionfactors(EXPFAC).

Among 32,578 sampled trucks which qualified for this estimation

procedure, ANNMIL data were missing for 3 trucks and POFFRD data were

missingfor 339 trucks. These missing values were imputedby specific body type

and major operationclassification (personal,businessor mixed). The weighing

proc_ure madesure that each truckcarried its appropriatesampling weight, and

all calculations were performed at the state level to maintain state specific

estimates.

Prnieetinns Reynnd Ra.qeYear

w Projectionsof the vehicle stock

Since the 1987TIUS is themost recentsurveyfor which data are available,

a projectionprocedurewas developedto estimatestatisticsfor years beyond 1987.

For years where auxiliary data are available, projectionsare accomplishedby
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applyingvariousgrowthratescalculatedby theauxiliarydata. However, for years

where no auxiliary data are available, projections are accomplished by an

exponentialsmoothingtechnique. Forexample, the vehicle stock of vehicle type

i in statej andyear t-t-1 is projectedas:

where 3'[.] is a state-specific exponential smoothing model. This technique is

recommendeddueto therelativelyshorttime scriesavailable(usually ten years or

less) and the ease of model maintenance.

To calculate the growth rates of the light truckvehicle stock, two data

sourceswereevaluated:FHWA'stti_hway ,qtati_ic._andthe truck registrationfiles

compiled annually by R. L. Polk and Company. FHWA's data are based on

registrationdata submittedby individualstates. This data series reportsprivately-

owned vehicles combined with commercialvehicles. To exclude commercial

vehicles from the reported aggregatetotals, the commercialvehicle share of the

combined private and commercial vehicle total needs to be estimated.

Furthermore,it is unclearwhether FHWA's data series includes minivans. Due

to these unresolved data issues, this data series was not used at this time in the

estimation and the projectionprocedures.

R. L. Polk and Companyalso obtains its registrationdata from individual

states. Although this data series is far from perfect in terms of meeting this

project's goals in that its vehicle stock numbersinclude all trucks,Polk's data

serieshas two desirablefeatures. First, it hasbeen used as TIUS's samplingframe

-- the basis from which trucks were identifiedand selected to participatein the

surveys. Since the 1987Tiffs is the foundationforestimatingN_,j,s7and Gal_,josT,
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being TIUS' sampling frames provides a more compatible base for estimation

purposes than other data sources. Second, it has )-,',en relatively consistent

throughout the years in the types of vehicles included in its tabulations. Due to

these two data features, the growth rates of light trucks were calculated based on

Polk's data. These growth rates in conjunction with the 1987 base year estimates

were used to estimate the total number of light trucks for years beyond 1987. The

total number of light trucks for year 19874-I is estimated as:

_g:.. (,7,0 (Po_)
_8:.. 0)7,0= _gs.. (ST,_-:)x _g:,. (,7,_-:)(Po_) (4)

where I - I, 2,..., andReg,... sT,the number of light trucks for the year 1987, was

based on the 1987 TIUS. Table 3 presents the calculation results. The distribution

of vehicle stock by state was assumed to remain constant. The total number of

light trucks in 1992 was "shared"to individual states by using the state distribution

estimated by the 1987 TIUS data. The number of light trucks (in terms of full=

velu'cle-equivalents) that were used off-the=road for recreational purposes in 1992

is estimated by multiplying the number of light trucks in individual states by the

state=specific probability that a light truck is used off-the=road for recreational

purposes. Tl)._sestate=specificprobabilities were calculated using 1987 TIUS data

and were assuaged to be constant over time (Table 2). Table 4 reports the

estimawd numbers of light trucks used off-the-road for recreational purposes in

1992 and the distribution of these vehicles by state. Note that the estimates of the

number ,_f light trucks used off-highway for recreational purposes are in full-

vehicle-equivalents.
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Table 3. Estimated Growth Rates of Trucks and Total Number of
Light Trucks From 1987 to 1992

ii i i i ii i

Estimated Total
Total Trucks Numberof

Model Y_ in Operationt Growthrate Light Trucks

1987 47,344,000 - 37,757,1802

1988 50,222,000 1.061 40,052,406

1989 53,202,000 1.059 42,428,977

1990 56,023,000 1.053 44,678,745

1991 58,179,000 1.038 46,398,170

1992 ....61_172r000 1.051 48r785_109

t R.L. Polkdataasreportedina tableentitled"MotorTrucksin Operationby
ModelYear"in MVMA's"MotorVehicleFacts& Figures'92".

2 Generatedfromthe1987TIUSPublicUse Tape.

_Projections of fuel use

A verysimilarapproachwas used to projectthe amountof fuel consumed

for off-the-road recreationalpurposes. Since only the averagenumberof miles

traveled off-the-roadfor recreationalpurposesis known (Table2), this mileage

informationneedsto be convertedto the amountof fuel consumed. First, growth

rates of annualmiles of travel (VMT) for light truckswere calculatedusing the

average annual VMT for 2-axle 4-tire trucks as published in Table VM-1 of

FHWA's lt_hway. Statim_s. VMT for 2-axle 4-tire trucks was used to calculate

VMT growth rates because 2-axle 4-tire trucksbetter representlight trucks than

other truckcategoriesused in TableVM-1 of theHislm_. ,qtati.m_._.VMT growth

rates are, in turn,used to "expand_ the 1987 VMT calculatedby using the 1987

TIUS data. The reason for not directly using VMT statistics from the
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Table 4. Estimated Number of Full Truck Equivalents Used Off-Road for
ReeremtlonalPurpmm, 1992

ililillii ilill iii i ii iJlilililli

Projected Total Number of Pull Truck l_dvalents Used
State Li_t Tmcl_ Off-Road,, ,Hi i ii ii i i, i

Alabama 1,007,308 74,208 (3.7%)

Alaska 190,261 7,405 (0.4%)

Arizona 870,625 49,199 (2.5%)

Arkansas 645,306 39,370 (2.0%)

California 5,263,653 134,065 (6.8%)

Colorado 1,073,488 54,501 (2.7%)

Connecticut 475,652 19,064 (1.0%)

Delaware 125,721 3,687 (0.2%)

D.C. 21,877 828 (0.0%)

Florida 2,179,216 66,880 (3.4%)

Georgia 1,347,931 57,948 (2.9%)

Hawaii 181,794 10,982 (0.6%)

Idaho 350,886 22,716 (1.1%)

Illinois 1,615,562 53,281 (2.7%)

Indiana 1,170,396 44,557 (2.2%)

Iowa 720,261 18,792 (0.9 %)

Kansas 753,906 35,011 (1.8%)

Kentucky 892,143 41,922 (2.1%)

Louisiana 1,049,Ot7 49,627 (2.5 %)

Maine 278,387 14,604 (0.7%)

Maryland 712,977 24,198 (1.2%)

Massachusetts 709,808 17,369 (0.9%)

Michigan 1,682,062 67,182 (3.4 %)

Minnesota 892,497 28,997 (1.5%)

Mississippi 594,690 40,118 (2.0 %)

Missouri 1,121,823 40,980 (2.1%)

Montana 333,528 21,359 (1.1%)

Ncb_s_ , , 4481502 20T039 I1.0%1
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'III III II 'I III I11

Projected Total Number of Full Truck F._l_valents Used
State _ Trucks Off-Road

Nevada 283,453 15,156 (0.8 %)

New Hampshire 250,788 11,100 (0.6%)

New Jersey 815,879 39,244 (2.0%)

New Mexico 526,177 40,068 (2.0 %)

New York 1,638,726 43,852 (2.2%)

North Carolina 1,501,694 51,463 (2.6%)

North Dakota 238,582 11,858 (0.6%)

Ohio 1,884,915 43,843 (2.2%)

Oklahoma 981,478 52,666 (2.7%)

Oregon 933,379 35,926 (1.8%)

Pennsylvania 1,795,382 68,691 (3.5%)

Rhode Island 129,147 5,898 (0.3 %)

South Carolina 660,195 32,581 (1.6%)

South Dakota 251,718 13,588 (0.7%)

Tennessee 1,148,737 51,590 (2.6 %)

Texas 4,383,548 182,969 (9.2%)

Utah 416,860 21,093 (1.1%)

Vermont 141,903 7,027 (0.4%)

Virginia 1,263,379 56,814 (2.9%)

Washington 1,264,153 54,422 (2.7 %)

West Virginia 476,755 32,519 (1.6%)

Wisconsin 846,405 31,605 (1.6%)

Wyoming 241,944 19,699 (1.0%)

TOTAL 4817851109 1r982r564 {_100.0%/
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H_hw_ ,qtati_ticsforyearsbeyond1987w,lsthatVMT statisticsfromthe

Hi_hu_ ,_tm/_ includeall 2-axle 4-tire trucks, while the bsse year 1987 VMT

was calculated using a specific group of sample trucks that met the vehicle

definitionrequirementsof this study. Table5 reportsthe average annual VMT per

2-axle4-tiretruck,VMTgrowthrates,andthe estimatedaverage annualVMT per

light truckthatmet thevehicle definitionsof this studyfor yearsbeyond 1987.

Table 5. Estimated Growth Rates of Light Truck VMT and
the Estimated Average VMT per Light Truck,

1987- 1992

i ill il'i I 'i i Ililli ii ill Jill

Estimated
AverageVMT AverageVMT per

Year per Truck_ GrowthRate Light Truck

1987 11,591 - 10,8062 q

1988 11,848 1.022 11,046

1989 11,982 1.011 11,171

1990 11,993 1.001 1.1,181

1991 12,103 1.009 11,283

1992 12,055 0.996 11,239

I

1 From Table VM-1 of the "Highway Statistics" under "2-Axle and 4-Tire" category.
2 Based on the 1987 TIUS.

To maintaia the different levels of vehicle usage by each state, the 1992

averageannualVMTper light truckin state j was calculatedas:
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where V_/'l... 9= - the 1992 national average miles traveledper light truck

projectedby using the 1987 TIUS dataand VMT growth

rates calculated from the FHWA's data (Table 5),

V/_l.., _ ffi 11,239.

VMTa,j, s7 - the 1987 average miles traveled per light truck in state j

(Table 2), and

VMTa,.,s7 = the nationalaveragemiles traveled per light truck in 1987

(Table2).

Using Equation(5), the 1992 averageVMT per light truckfor statej was

estimatedandpresentedin Table6. Thetotalnumberof miles traveled for off-the-

road recreationalpurposesby trucksin state j was calculatedby Equation(6).

,rvah_,.j.,==_,.j.,2x vahq.j.,=x (c2x c3)j (6)

where R_g_./,_ is the numberof light trucksregistered in state j in 1992 (Table

4), and(c2 × cs)j is the state-specificprobabilitythata truck in statej is used for

off-the-roadrecreationalpurposes(Table2).
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The amount of fuel used off-the-roadfor recreational purposes is derived

as:

where ,_,MPGI...92 is the esfimal_l average 1992 off-the-roadfuel economy of

2-axle 4-tire trucksand is estimatedas:

_'MPGI...92= mMPGI...n x 0.9 (8)

where ., MPGI,.,92 is the average 1992 _ fuel economy of 2-axle 4-tire

trucks as reported in Table VM-1 of the H_hway Stalz_tics and 0.9 is the

adjustment factor to take into account the differencebetween the on-road and the

off-road fuel economies. This adjustmentfactor is based on data collected in the

1987TIUS. Off-the-roadfuel economyis assumedto be uniformamong all states.

The results are presented in Table 6. Also included in Table 6 is the average

annual fuel used for off-the-road recreation per vehicle. Since the estimated

numberof vehiclesused foroff-the-roadrecreationalpurposes is expressed in full-

vehicle-equivalents,one should not divide the amount of fuel used by the number

of full-vehicle-equivalentsused foroff-the-roadrecreationalpurposes to derive the

average amount of fuel use per truck for off-the-road recreation. Instead, this

parametershouldbe calculatedby dividingthe amountof fuel used for off-the-road

recreational purposes by the total numberof light trucks.
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Table 6. Projected Average Annual VMT per Light Truck and Estimated
Fuel Use Off-Road for Recreational Purposes by State, 1992

ii I iiii

TotalFuel Use Off-Road
Projec_l Average Used Off-Road per Light

...S_...................................VMT _r LightTruck ............._al.__ Truck_al.)

!iii!i!iiiiiiiiiiiiiii_i_iNiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiiii!ii!!iiiiiii!!i}iiii!iiN__lil!ilN!i!i!ii__'_i  iiiiiii'ii
Colorado 10,194 35,747,660(2.9%) 33

Connecticut 11,228 13,287,790(I.1%) 28

Delaware 11,317 1,926,005 (0.2%) 15

D.C. 9,941 384,639 (0.0%) 18

i_i!iii!iiiiiiiii!!iiiiiiiiii!/i!liiliii!i!!!i!iiiii!i!l!iii_N_!iiii)iiiiliiii',!iiii!iiiiii!i!i!!iii',i!i!iiiiiiiiiiiiiiiNNNNi!!iil!@__'_' _"_=-_:_:-_:_!_!_iiiii_ii_i!_i!_I!!i!ii_!_!_i!i!!!!_i!:ii!i!_!!ii_i_i!ii!!iiNN_N!i!_!i_iii_!_......._N_!!iliiiiiiii!iillii',ii.!_61!i!i!i!}!
Iowa 9,357 10,331,750 (0.8%) 14

Kansas 9,768 17,297,930 (1.4%) 23

Kentucky 10,624 23,676,_20 (1.9%) 27

Louisiana 11,896 31,259,590 (2.5%) 30

.... " .......:::.............•.......:::..::::.......:,._,_ !*i*_.i*_*!*i*_:_*i*_*i*i*i:::_._.!:_*!*_.!*!:!*!__:_*_*_._*...(:_::.8..i:_.).:_iI

iiiiiiiiiiiill

Missouri 12,032 33,165,950(2.6%) 30

Montana 10,457 12,816,880(1.0%) 38

Nebraska 8,579 9,330,951(0.7%) 21

Nevada 10,290 7,933,052(0.6%) 28
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I '1 '

Average Fuel
Total Fuel Use Off-Road

Projected Average Used Off-Road per Light
[ _M'I Li_ Truck Truck(gal.)State ......:m, .....................

......................_...............................................'......+++_+++++++++++_+++++_+++++++_+++++++_+_i+++++++_+++++++++?+++++++'_++!i++++++i+!_+++++i+iii+i++ii++li++i+!!++_++++++++++++++++++++++++++++++++++++++++++++++++++++++++++_+++++++!+++++++:++++++ii++++++++++++++++++++++++++++++++++m+,++++++°+++++++++++++++++++++++++++++°++++++++++++++++++o++++++++++++++++++++++++++++o°+++++++++++++++++++°°+++++°°+_iiii+lii+i++!ii+iii+iiIIi+i++iii+ii#i+i_iN_+!+++++++iii++l+++N+i++i+li+
Ohio 11,285 28,777,470 (2.3%) 15

Oklahoma 11,538 35,621,720 (2.8%) 36

Oregon 9,350 17,417,560 (I.4%) 19

Pennsylvania 10,599 42,419,390 (3.4%) 24

_++ii!iiii!iii+ii_iii+ii!ili!!!IIi+_i+I!_iI!liii!i+_ii!ii++++i++!+iiil_iiii!i+iii!!!il!+++

ii_i +++i_iii+ili++!!+i!+il++l++++,__!!iiii!_!N+++iii+iili+++i!ii+!+l++!ilii!i
+++i+_ii_+i_!i+i+_iiii!_i_I}_ii+i}_i_+!i_iN_i_i_+_ii_!NIii+_i+_Iiiii_i#iii!}ii_!i++++++_i+++++++++i++++++i+++!i++++++_++++++++++++++++++++++_+_++++++++++_++++++++++++++++++++++++++++++++++++++++i+++++++++++++++i++'+!+++++i+++++++++++++:::::::+:::+:+:++:++:++;+++:+:++++::::++++++++++++++++++++++++++++++++++++++++++++++++++++++m_+++++++++++_+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Vermont 11,772 4,011,685 (0.3 %) 28

Virginia 10,766 31,831,730 (2.5%) 25

Washington 10,479 23,274,490 (1.9%) 18

West Virginia 9,962 21,492,660 (1.7 %) 45

Wisconsin 10,764 18,604,520 (1.5%) 22

Wyoming 9,132 9,516,966 (0.8%) 39

TOTAL lt254T126)323 (_100.0%)
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2.2 Cnmnari_nnFletweenSmte_'E_timate.qand ORNI/S E_tim_te.q

Twenty-one of the 51 states (including the District of Columbia) reported

their estimates of light trucks used for off-the-road recreational purposes to FHWA

in January 1992. Several states conducted off-highway vehicle surveys to estimate

the numbers of off-highway light trucks used for recreational purposes and the

corresponding fuel use. These surveys are discussed in detail later in this section.

Since most of the estimates were based on 1991 data, the comparison between

states' estimates and ORNL estimates was for the year 1991 (Table 7). In general,

ORNL's statewide estimates of the numberof light trucksare relatively close to the

states' estimates. As mentioned earlier, light trucks in this study are defined by

ORNL as straight trucks with body types of a pickup, van, minivan, or utility

vehicle and maximum gross weight less than or equal to I0,000 Ibs.

Differences in vehicle classification by ORNL and by the states contribute

to the discrepancy, if any, between the two sets of vehicle stock estimates. While

ORNL's estim,qt;onprocedure includes minivans and vans, most of the states did

not include vans and minivans, and some did not include utility vehicles. The

reason that Georgia, Louisiana, and Wyoming reported a greater number of light

trucks than ORNL did was probably because they included all of the registered

light trucks in their calculations.

The majority of ORNL's state estimates of fuel used for off-the-road

recreational purposes are higher than individual states' estimates, except for the
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Table 7. Comparison of ORNL's and State Estimates of Number of Light Trucks and Fuel
Used for Off-Road Recreational Purposes, 1990-1991

AverageFuelUse
Total Number of Light Total Puel Used Off-Road Off-Road perVehicle

Truth{10007 {I0000_._ {Oal._
ORNL State ORNL State ORNL State

Estimate Estimate Estimate Estimate Esthnate Estimate

Alabama I 779.6 820.6 24,603 65,299 32 80

Alaska 181.0 135.5 3,988 356 22 3

Arizona 2 797.3 759.0 32,281 N/A s 40 N/A

Arkansas I 499.4 512.1 25,933 52,862 52 103

California 4 4,577.9 4,528.1 78,997 31,064 17 7

Colorado 1,021.0 362.75 33,758 1,451 33 N/A

Delaware 119.6 5.7e 1,819 1,024 15 N/A

Georgia 1,282.0 1,399.1 32,351 6,296 25 5

Idaho2 321.4 306.7 13,001 10,126 40 48

Louisiana 998.3 1,245.1 29,520 10,954 30 9

Minnesota 2 817.4 528.3 15,569 4,552 19 9

Mississippi 565.6 466.7 18,622 4,725 33 10

Nebraska 426.6 171.67 8,812 4,719 21 N/A

New Mexico 500.4 456.8 32,754 1,978 65 4

New York 1,558.5 39.67 25,879 3,477 17 N/A

North Dakota 226.9 212.1 6,015 937 27 4

Oklahoma 933.5 184.37 33,639 9,217 36 N/A

Oregon 887.7 3.8 s 16,448 8,476 19 223

Pennsylvania 1,707.5 1,277.5 40,059 192 23 0.2

Rhode Island 122.8 99.59 3,701 362 30 4

South Dakota 2 230.5 193.7 6,184 2,124 27 11

Washington 1,202.3 270.9 t° 21,979 29,947 18 N/A

Wyoming 230.1 215.2 8,987 3,076 39 14

Total 482T618 253r214

i 198'7data.
2

1990 data.
3

Data are notavailable.
4

1989 data as reportedin Tyler and Assoclates_A .qmdytn l'_*,mln_ l_el Ta_ AttrihntJhleIn Off-tli_hwAyand gtv_t I i_-.mu_dV_hiel_
l|at,_l fnr R_ert-Jafinn Nff-l]iohway.

s
Registered4-wheel drive pickupsonly.

6
Registered surf fishing vehicles only.

7
Off-roadrecreationalvehicle only.

8
Vehicles"registeredas of June30, 1991 include dune buggies, jeeps, and other4x4's, motorvehicles thatweigh more than600 but less than
8,000 pounds.

9
Light trucksfrom 4,000 - 10,000 poundsonly.

10
Off-roadpickups only.
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states of Alabama, Arkansas,and Washington. Two plausible explanationsfor

Alabama'sestimateof fuel usedfor off-the-roadrecreationalpurposesbeing almost

two and half times higher than ORNL's estimateare: (1) the AlabamaHighway

Department assumed that 6.6% of the annual driving was for off-the-road

recreational purposes while ORNL's estimate was 3.5 % frable 2) which was

derived using the 1987 TIUS data; and (2) Alabama's mileage estimates are

converted to fuel consumptionby setting the averagefuel economy at 10, while

ORNLusedadjustedFHWA'snationalestimateof 14.3 miles per gallon for 2-axle

4-tiretrucks. Thedifferencein the fuel economy estimate itself introducesa 30%

difference in the fuel consumptionestimate.

In the case of Arkansas, all recreationaltravelwas assumed to be off-the-

roadrecreationaltravel. Itmounted to 13.3% of total travel. Based on the 1987

TIUSdata, the percentmiles traveled by light trucks for off-the-roadrecreational

purposesin Arkansaswas 5.8% (Table2). This differencealone contributes to

Arkansas' estimate being doublethatof ORNL's.

In its effort to determine the proportionof motor vehicle fuel sold to

snowmobiles and other off-roadvehicles, the state of Washingtonconductedtwo

studies: the 1986 Washington State Off-Road Vehicle Study, and the 1990-1991

Snowmobile Fuel Use Study. Given Washington'sestimate of 270,900 off-road

pickupsandTIUS' estimateof 1,202,300light trucksin Washington, 22.5 % of all

light trucks in Washingtonwere assumedto be off-the-road pickups (270,900 +

1,202,300 = 22.5 %). Applying Washington's estimatethat 44% of its off-road

pickup trucks(4x4s) were used for recreationalpurposes, the percentageof the

total light trucks used off-highway for recreationalpurposes in Washington is

estimatedto be 9.9% (22.5 % x 44.0%). This percentage is conservativesince it

assumes that only off-roadvehicles are operatedoff-the-road. Nonetheless, this
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percentage estimate is more thandouble the ORNL estimateof 4.3 % (Table 2).

This differenceprobablycontributessignificantlyto the differencein estimatedfuel

use tbr off-the-roadrecreationalpurposes.

The followingdiscussionfocuseson off-roadvehicle surveysconductedby

individualstates.

Arizona

Two different surveys were conductedduring 1989-1990 -- one for the

winterand one for the summerseason. Eachsurveycovered a six month period

and contacted 1,000 householdsusing a randomdialingprocedurethat selected a

number of telephone numbers in proportionto each county's populationsize.

These initial contactsestimatedthat 17.5 percent of the householdsin the winter

sampleand 19.3 percentof the householdsin the summersampledrove their off-

roadvehiclesoff-highwayat least once during the six monthspriorto the survey.

A low responserate in the initial contacts led to additionalphone calls. Overall,

331 householdsindicatedthat they had driventheir off-roadvehicles off-highway

during the six-monthsampleperiod in the Winter of 1989, and 353 households

indicated that they had driventheir off-roadvehicles off-highwayduring the six-

monthsampleperiod in the Summerof 1990. Unfortunately,the reportedsurvey

resultsdo not includeanyusageinformationby vehicle class. Table 8 summarizes

the populationestimates.
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Table 8. Results from the 1990 Arizona Off-Highway Vehicle Survey
4x4 Pickups & Vans/Trucks

I _11 I II I I II_

, , P.on Pon [[
||

Basedon theWinterSurvey , , , 798,9O6 103,579 1]
[!

BasedontheSenmmrb'urvey , , 719,015 219'642, II
II

. ++, ,,1+,,, ii[ORNLEstimates , 7971348 , 2151503_

%DifferencebetweenORNL'sandArizona's 5% 33%
Estimates

I [[ [

_ Usedoff-tbe-ro_forrecreationI_l_ses atsometm_e.

Source. Virden,R. J., et. al., " The 1990,_a'_m Off-Iti_way VehicleSurvey," Preparedfor the ,sL,i_m
I_ ofT_ztation andGameandFish,andArizonaStateParksBoard. ArizonaStateUniversity,
Tempe,Arizona,January1991.

California

A randomly selected sample of 20,394 households were contacted. Of

those, 12,156 surveys were completed, yielding a response rate of almost 60%.

The sample covered 53 of California's 58 counties. The sample was selected in

proportion to each county's population size. The 5 counties which were not

covered in the survey each representsno more than one-tenth of one percent of the

state's total population. All panelists were interviewed four times, once every

three months. Each respondentwas sent a reminder posed that notified him/her

when he/she would be contacted (or re-contacted). Each respondent was also

provided a diary to keep track of his/her off-road fuel use. Whether the sampled

off-highway vehicles were registered was determined by matching the sampled

vehicles with California's Department of Motor Vehicles' registration file of off-

highway vehicles. Based on the matching results, a correction factor was
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computed to estimatethe total numberof off-roadvehicles of a particularclass.

This factorwas the ratioof unregisteredvehicles to registeredvehicles.

Lighttruckswere categorizedin two groups:4-wheel driveand 2-wheel

drive. These vehicles includepickups,vans, and utility vehicles (including dune

buggies). Surveyresults indicate that36.1% of all street licensed4-wheel drive

truckswereusedoff-the-roadatsome timeduringthe 12-monthperiod priorto the

survey, and 13.9% of the street licensed 2-wheel drives were similarly used.

Survey results also suggested thatoutof 95 samplednon-streetvehicles, only 11

couldbe matchedwith CaliforniaDMV's registrationfiles, indicatingthat88 % of

non-streetvehicleswereunregistered.This impliesan adjustmentfactorof 7.6 for

unregisteredlight trucks. Any problemwith the matchingprocedurecould easily

result in an over- or (under)estimate of the ratio of unregistered vehicles to

registeredvehicles. Table 9 presentsthe resultingpopulationestimateof off-road

light trucks.

A direct comparison between ORNL's and California's estimates is not

straightforward. The typesof vehicles included in the estimationprocedureare

different. ORNL's estimationprocedure includes all registeredpickups, vans,

utilityvehiclesandminivanswhileCaliforniaincludesall pickups, vans and utility

vehicles,but not minivans,regardlessof whetherthevehicles are registeredor not.

Onaverage,ORNL estimatedthateach light truckused 17gallons a year for off-

roadrecreationr"purposeswhile Californiaderived separate fuel use estimates for

differentvehicle classes (Table 9). Table7 presentsa comparisonbetween these

two sets of light truckestimates.
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Table 9. 1989 Off-Road Recreational Fuel Use of California Light Trucks ]_

4-_1 Drive 2-Wheel Drive 4-Wheel Drive

A_ _ u_v_ 23.7 5.39 _.2 _"
Ntm_r of Vehicles Registeged 194,437 4,279,808 6,974

Cogtecti_ Factor for Unregistered Vehicles 1.0 1.0 6.7

Total Population Estimate 194,437 4,279,808 53,700

Total Aum_ Fucl Use _ 23 3

!

!
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Colorado

A mail survey was doneof randomly-selectedregisteredoff-road vehicles.

Unfortunately, there is little documentationof the survey results. Since no

information is availableregardingthe importantfactors, such as the numberof

householdssurveyedor the responserate,etc., noassessmentis madeof the survey

results. TheState of Coloradoestimatedthat eight percentof its total 362,700 4-

wheeldrivevehicles traveledoff-the-road,resultingin an estimateof 29,016 off-

highway4-wheeldrivevehicles. Eachof these off-highwayvehicles was assumed

to use 50 gallons of fuel per year, yieldinga total fuel use estimateof 1,450,800

gallons. The lackof documentationmakesit impossibleto evaluate the differences

between ORNL'sestimatesand the State of Colorado'sestimates.

Oregon

An off-road vehicle use survey was conducted on randomly-selected

registeredoff-roadvehicles. Thissurveywas updatedevery fouryears as required

by law. No effortwas madeto surveynon-registeredvehicles. A summaryof the

surveyresultsis presentedin Table 10. The surveyresponse ratewas about70 %

whichis reasonablygood for a voluntarysurvey. These annual fuel consumption

estimatesillustratethe differencebetween consumptionestimatesreporteddirectly

by survey respondentsand estimatescomputedby the average numberof days

operated off-roadfor recreationalpurposes(Days) and the averagefuel use per

day for off-the-roadrecreationpurposes(Chins). The fact that the averageof the

productof Days and Gallons [Mean(Daysx Gallons)] is greater than the product

of theaverages[Mean(Days)x Mean(Gallons)] indicatesthat Days and Gallons are

positivelycorrelated.Furthermore,there is no supportingevidenceto believe that

Mean(Days x Gallons) is a better estimate than the annual fuel use reported
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directly by the survey respondents. Based on the survey results, an adjustment

factor of 79 % was derived to accountfor the fuel used off-road for recreational

purposes.

A significant definitionaldifference betweenORNL's procedureand the

Stateof Oregon's procedure is thatOregon's 1989-1990 ATV Surveyfocused on

ATV Class II vehicles which includedonly threeclasses of all terrainvehicles:

dunebuddies,jeeps, andother4x4's motorvehicles thatweigh more than600 but

less than8,000 pounds. In March1990, there were 3,016 Class II ATV licenses

maintained by the Motor Vehicle Division of the Oregon Department of

Transportation. This numberof Class II ATV licenses indicatesthat Oregon's

estimatesare based on informationcollectedfrom a sampleof light truckswhich

are classifiedas ATVs, ratherthana sampleof light trucksthatwere used off-the-

roadfor recreationalpurposes. Consequently,Oregon's estimates are significantly

lower thanORNL's estimates(Table7).

WashhiBtoll

A telephonesurveyof 3,460 householdswas conductedin 1986 regarding
I

off-road recreationalvehicle usage in 1985. The method thatwas used to select

telephonenumbersis notdocumented. The samplesize within each district in the

State was proportionalto the populationof the counties makingup the district.

The survey identified 763 households owning one or more off-road vehicles

(ORV). The parameters at the state level were thenestimatedby proportionally

weighing the surveyresults by the sampling expansionfactors. These estimates

together with other relevantstatisticsare reportedin Table 11. Also reported in

Table 11 is a confidence range with an unspecified level of significance. A

comparisonwith ORNL'sestimatesof the numberof off-road light trucks in 1987
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yields a difference of 43,919 (ffi 262,341-218,422) which is almost twice the

reportedconfidencerange(23,522).

A follow up mail surveywas also conductedwith the owners identifiedin

the telephone survey. About 41% of these households returned a completed

survey. The limitedresponseratedecreasesthe reliabilityof the survey's results.

Also, the survey did not include any questions regarding fuel consumption,

informationneeded for our study.

Table 11. Results from 1986 Washington Off-Road Vehicle (ORV) Study
Sample size- 3,460 Households

i i I

No. Households % Households 1985 Projected Confidence
in Survey Owning in Survey State-Wide Range

ORVs Ownin80RVs Totals

4 x 4s 450 13% 218,422 23,522

Dune buggies 35 1% 9,314 6,721

Dirt bikes 415 12% 195,740 23,522

ATVs 138 4% 73,927 15,122

ALL ORV 763 20% 497,403 68,887

m I

ORNL's estimateof light trucksused
off-roadat some time for recreational 262,341
purposes

I II
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2.3 Cnnclndin_ Nnt_

A directcomparisonbetween stateestimatesand ORNL's estimates is still

virtuallyimpossible, despite theattemptto makethese estimatesas compatibleas

possible. As mentioned earlier, the total amountappropriatedto the National

RecreationalTrailsTrustFund is authorizedby the U.S. Departmentof Treasury

on an annualbasis. With a fixed amountof funding,FHWA faces the challenge

of how to equitablyapportionthese fundsto individualstates based on the level of

fuel usedfor off-roadrecreation. Two options are availableto FHWA to address

this challenge. The first one is to rely on the individualstates to submit their

annual estimates on off-highway recreationalfuel use. The advantage of this

optionis that individualstatescoulddevotemoreresourcesto this activity, and can

receive morecooperationin obtaining the data, thanFHWA could. As a result,

individualstates might be able to producemore reliableestimates than FHWA

could. However, moreresourcesandmore data do not guaranteemore reliable

estimates. The burden is then on the FHWA to verify the estimation methods

employed by the individualstates. This leadsto twopossible drawbacksif the first

option is used. First,individualstateshavea great incentive to over-estimatetheir

off-highway recreationalfuel use. Second, the compatibility among states in

estimatingoff-highwayrecreationalfuel use becomes an enormousissue in trying

to apportionthe Trust Fund equitably. In addition, the third drawback of this

option is that not every state submits the required estimate. In the 1992-1993

period, only twenty-threestates did, and some of the estimatesarefor 1987 while

others are for 1989 or 1990 (Table 7). Consequently, an estimationprocedure

would needto be developedfor the remaining22 states thatfailed to submit data,

addingfurthercomplexity to the compatibilityissue.
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To overcome the disadvantagesof the first option, a second option for

FHW? to meet its challenge is to "standardize"the estimation procedure and

developa common tool whichcan objectively apportion the National Recreational

Trails Trust Funds on an annual basis. Two factors characterize this option: (1)

individual state shares of the total Trust Funds need to be developed using a

uniform approach, and (2) data needed for the estimation purpose should be

publicly available and easily obtainable so that the FHWA can generate these

estimates for all subsequent years. It is these two factors that govern the

development of ORNL's estimation procedurediscussed in this report. It is also

because of these two factors that ORNL's estimates are recommended over

individualstates' estimates. Of course, this option is not without its drawbacks.

One majordrawbackis the failureto takeadvantage of more detailed state-specific

information.

3. MOTORCYCLES AND ALL TERRAIN VEHICLES

3.1 K_timaticmProeeclure

Data on motorcyclesand all terrainvehicles (ATVs) are extremelysparse.

Two basic sourcesof off-highwaymotorcycleand ATV fuel consumption estimates

are the MotorcycleIndustryCouncil (MIC) and individual states. Several western

states haveconductedsurveysof off-highwaymotorcyclefuel consumption. These

state level studies were each performedwith different survey practices and they

reporteda wide range of estimates. Studies from Arizona, California, Colorado,

Oregon, Utah and Washington will be discussed later in Section 3.2.

The MIC has reportedstate vehicle populationestimates annually since

1985. These estimates are divided into threevehicle model categories: highway,
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off-highway, and dual purpose. Since 1991, separate data were reported for

ATVs. These state population estimates are computed by MIC from the annual

retail sales of these vehicles in conjunction with the vehicle scrappage rates.

Scrappage rates are based on user survey data. The accuracy of the resulting

population estimate depends on the following factors: (I) the accuracy and

coverage of state retail sales data, (2) the accuracy of the vehicle scrappage rates,

and (3) the reasonableness of assuming zero net vehicle migration by vehicle

vintage. Vehicle migration is the movement of vehicle registration from one state

to the other. Even if the first two factors are correct, it might be reasonable to

expect the migration issue to be problematic for southern and western states. From

1985 to 1990, more than 11% of the population in the South and West Regions had

migrated there from other states' - the highest migration rate among all regions.

Consequently, the MIC population estimates may have a downward bias for

southern and western states.

The MIC also conducts periodic surveys of motorcycle and ATV usage.

Unfortunately, this information is considered proprietary so that only limited access

is permitted. The most recent 1990 survey covered 1,193 motorcycle and ATV

owners in the United States. Further details regarding the survey method and the

resulting response rate were not available. The distribution of annual miles driven

is illustratedin Figure 1. This distribution is clearly skewed to the left with about

30% of the motorcycles and ATVs traveling 25 miles or less in the survey year.

Using this survey information, the MIC estimated annual gasoline consumption to

be 76 gallons per year. The method employed to obtain this estimate is

summarized in Table 12. Since the MIC "believed the most accurate number for

' Table No. 30. Statistical Abstract of the l lnited States 1@@3. I:hlrean of the

Cens,,s_ I I_S_Denartment of Commerce.
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estimating days ridden per year and gasoline use per day is the average of the mean

and median," the last column of Table 12 presents the averages of the mean

(Column 1) and the median (Column 2).

Figure 1. Average Miles Ridden in the Past 12 Months Off-the-Road

350"

300"

.

25 50 75 100200300400500 1000 2000 12000
M,m

Source:1990 SurveyofMotorcycleOwnership andUsage.
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No reference is provided for this method of averaging the mean and

median. Typically, the choice between the mean and median depends on prior

information of the underlying distribution. If the distribution is thought to be

normal or approximately normal, then the sample mean is the appropriate

estimator. On the other hand, if the underlying distribution is Cauchy or nearly

Cauchy, then the sample median is the appropriate estimator. When the underlying

distribution is unknown, a "robust" estimator is preferable. This is an estimator

which performs well for several differenttypes of distributions, even though it may

not be the best available for any particular distribution. Two such estimators

proposed in the statistical literature are the "weighted mean" and the "trimmed

mean', both of which yield the median estimate as a special case. Thus, when

faced with evidence against a normal distribution, such as a large difference

between mean and median, it may be advisable to use the median estimate over the

mean estimate. This logic suggests that an estimate of 30 gallons per year for off-

highway use may be more reasonable than either 76 or 143 gallons per year.

Table 12. MIC's Estimate of Annual Motorcycle Gasoline Consumption

1itI

MIC's
Mean Median Estimates

(1) (2) (3)

Average number of days ridden per year 65 30 47.5
off-highway

X

Gallons of gasoline used per day 2.2 1.0 1.6

Gallons used annually per vehicle off- 143 30 76
highway

Source: 1990 Survey of Motorcycle Ownership and Usage.
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Using Equ. (1) to estimatethe m_.mberof motorcycles and ATVs used off-

the-road for recreational purposes, cl (the adjustmentfactor for unregistered

vehicles)is assumedto be 1. This is because the total numberof motorcyclesand

ATVs estimatedand reportedby the MIC is a functionof retail sales and has,

supposedly,beenadjustedfor the numberof unregisteredvehicles. Since there is

nostate-specificinformationavailableon the percenttime thata motorcycleor an

ATV was usedoff-the-road,anyvehicles thatwere used off-the-road at some time

areenumerated. Itwas also assumedthatwhenevermotorcycleswere used off-the-

road,they werefor recreationalpurposes. Consequently,theadjustmentfactorfor

motorcycle'srecreationaluse, ca, is 1. Basedon these assumptions,data series on

the numberof motorcycles and ATVs used off-highway some of the time is the

basis to calculate the amountof fuel used off-the-roadfor recreationalpurposes.

It is recognized that this data series does notaccuratelyrepresentthe numberof

motorcyclesandATVs usedoff-the-roadfor recreationalpurposesas expressedin

full-vehicle-equivalence. Until the time thatstate-specific informationbecomes

availableon the percentageof the time thatmotorcycles and ATVs are used off-

the-roadfor recreationalpurposes, this data series is consideredsufficient to meet

the project'sgoals. The numberof motorcyclesused off-highway at some time in

1992 is estimatedby MIC andpresentedin Table 13.

As mentioned earlier, starting in 1991, motorcycles and ATVs data are

reported separately. Some results from the MIC's survey on ATVs permit

additional ref'mementsto estimates of the numberof ATVs used off-the-road for

recreationalpurposes. Based on the surveyresponses on the percentages of off-

roadridingfor utilitypurposes,Table 14presents estimates of the average percent

time for which an ATV was used for off-the-road recreational purposes. It is

assumedthatridingoff-the-road,that is not for utility purposes, is for recreational
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Table 13. Estimated Number of Motorcycles Used Off-Road for
Recreational Purposes, 1992

State Number of Number of

_J M_or_cles si_iiiiiiiiiliili!ji!iiiiil!i!iil!iiiiili!iiilliililiiliiii!illi!iii__i_iii!!_iIi_i_!_!!_!!i_i!ii!_i_ii!_i_i_i_!iii!_i!!i!!ii_iii_iiiiii_i_iii_i!__............._____...............................................'............._o_f_i_:._'_"..__l___m_i_i__i!_i',i_i!i,!!i!......i_!!!i_i!iii_H_i_i_!i_,i_i_!_i_i_i_!_i_i_iil_,_i_i_i_lil_iH_i_',_i_

!_i_!i_i_iiiiii_!i_iiii_ii_i_ii_iii_iiii_iii_i_i!iiiii_iiiiiiiii!i_Ni.i.i...ii.i...........iiiiTiiiiiiiiiii:ii:i_i:Ni_iiiiiiiiiiililiiiiiliiiiiiii___
Colorado 31,900 New Mexico 14,300

Connecticut 18,100 New York 64,300

Delaware 3,308 North Carolina 42,800

D.C. 241 North Dakota 5,100

Florida 70,517 Ohio 52,200

!i_ili}!!ii!iii!iiliiiiii_i_ii_iiiii!iii_ii_ii_i!!i_iiiiiiii!ii_iii_iiiiiiiiii_i!ii!ii_!i_i_ii!!_iiiiii_i_i_!_!iii!!iiiiii!ii_!i!_ii_i_ii!_i_i_!ii!iiii_i_

Iowa 16,2011 South Dakota 5,5011

Kansas 12,300 Tennessee 32,800

Kentucky 19,300 Texas 96,000

Louisiana 16,800 Utah 24,300

Maine 9_500 Vermont 4,100

i!i:i!i!=......................................ii!iiiii',_,iii_,iiiii_,iiiii',}iilil!',iiiiiiii_iiiiiiii!iiii!ii!!!iiiiiiiiiiiiiii!iiiiiiiili!_,!_i.i.ii.!_i_!_!_!_i_i_i_i_,l_i_i_,_,_i_i_!_i_i_iiii_li!iii!iili!i!i!_i_,ii_i__!!i!iiiii

_ ii?ii!Ni_ii!_i_iiiiii_i_i_iii_!iiii!i_ii_iiiiiiii_iii_iiiii!i_i_ii_!_!i_ii_ii_!_i_iiii_i_!iii!i_ii_iiiiiiii!iiii!iii!iiiiiiilii!iiiiii_i_,_,iii_iiiii___'__ !_ii_iiiii_iiiiii_iiiiiiiiiiiii_iii!iiiiiii_i!iiiiiiiiii!iiiiiiiii_iiii_i_iii_iiiiiiii_!iii_!iiii!iii!ii_iii_Iiiiiii_iii_i_!iii_iii_iiiiii_iiiiii!_iii_iii_i_iiiiii_i!iiiii_i_i_i_I_i!ii_i!iii_i_!i_iiii_i_iiiiiilii!iiiiiiiiiiiiiiiiiiiiiii
Missouri 22t300 ,

Sours: 1¢_2 Matareyele Stati._fic_!Ammal, Motorcycle Industry Council, Inc., Irvine,
California.



Fuel Used for Off-HighwayRecreation - 39-

purposes. After adjustingfor non-recreationaluses, the numberof ATVs used

off-the-road for recreationalpurposesis calculatedandgiven in Table 15.

Table 14. Average Percent of ATVs Off-the-Road Riding for Recreational
rurposes

t" I I I 'ml

Region Percent of Off-the-road Riding for
.... RecreationalPurposes

II East 80.2

_ Mid-West 64.2

1 South 68.6
11West 75_6 ,,

Estimates from the MIC appear to reflect a high degree of uncertainty.

Estimatesof annual fuel consumption directly reported by the survey respondents

were considered by the MIC to greatly underestimate actual fuel consumption.

Nevertheless, these "underestimated" fuel uses and MIC's estimated annual miles

driven imply an average fuel economy (MPG) of less than five -- significantly

outside the range of the average motorcycle fuel economy of 35 to 75.

3.2 Synthe_i_ nf Average Mntnreycle and ATV Fuel I l_e E_timate_

Unlike light trucks, there is no surveyof motorcyclesand ATVs that allows

consistent estimates of annual fuel use by state. Several options were considered

to estimate annual fuel use. These include: applying MIC's estimate to all states;

using state estimates for states where individual state surveys were conducted and

applyingMIC's estimateto states for which no surveyswere conducted; and taking
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Table 15. Estimated Nmber of ATVs Used Off-Road for
Recreational Purposes, 1992

I I I I I I III
hit um oro, Soo  um oro,State ATVs ATVsU

Colorado 16,262 New Mexico 9,455

Connecticut 10,030 New York 63,953

Delaware 3,619 NorthCarolina 42,639

D.C. 0 North Dakota 5,774

ii_iiiiii',!!ii',ii!ii',!iliiii!iiiifilliiiii_,i!iiiiiiiiiiiiiiNiiNiiiiiiiiiiiiiiiii!iiiiiiiiiiiii!i',iiiiiiiiiiiiiiiii_ii_ !i',iif',ii_,iii_,iilli'_iiii_iiii'_iiii_i_'N_:_
__u_,_,_,_i_i_ii_,iiiiiii!iiiiiiiiii!!iiiiii'_,ii?iiii!iiiii'_'_iiiiiiiiiiiiiii!',iiiii!',i_,iii!!_,ii',!}'_i_,ii!i_ii i!ii_iiii_!iiiiii!i!iii!i!i!i!i',ii',i!'_iiiiii'_iiii',iii'_,!i!!__',iiiiiiiiiiiiiii!
iiii_iiiiii?iiiii!iiiiiiiiii!iiiiiiiiiiiii!ii!i}i?iiiiiiii!i?iiiiiiii!iiiiiiiiiiiii_iNiiiiiiiiiiiiiiiiii!!iiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiii_N_i!ii!iiiii!ii!iiiiiiiiiiiii!i!i!iii!!iii!_[_iiiii!iiii!iiiililiiiiii!

Iowa 16,617 SouthDakota 6,352

Kansas 11,548 Tennessee 50,249

Kentucky 29,477 Texas 77,601
Louisiana 44,764 Utah 24,128

iiiiiiii_......_:iiiii__ii_iiii_i_ii_ii!i_iiii!iii_i!_i_iii_iii_iii_i!iiiiiii_iii!iiii_N_!iiii!!!i_ii_i_iiiii_i_ii?ii_i_ii_l_l!iiiii!ii!iiii!iii!?i

i_ii!iiiiiiliiiii!!ii_::,!!

Missouri 39,521
II I
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advantageof all availableestimates to derive a synthesizedestimate. Since every

survey has strengthsand limitations, the last optionof synthesizing all available

estimatesappearsto be the mostdesirable.

In additionto the MIC's periodicsurveysof motorcycle and ATV usage,

six stateshaveconductedsurveys to estimate the numberof off-roadvehicles and

fuel consumption. They are Arizona, California, Colorado, Oregon, Utah and

Washington.These estimatesare generatedusing very differentapproaches, with

various limitations. To synthesize these estimates, a detailed evaluationof MIC

survey and individual state surveys is imperative in order to obtain a set of

subjective weights, one weight for each estimate. Estimatesthatare generated

from more thoroughsurveysare given higherweights thanthose generatedfrom

less thoroughapproaches.

In general, all of the state studiesestimatedtotal gasolineconsumptionas

the productof the estimatedvehicle populationand the annualgallons consumed

per vehicle off-road for recreationalpurposes. However, a numberof different

approacheswereusedto estimatethe annualfuel consumptionper vehicle for off-

road recreationalpurposes. The direct approach of simply using the survey

respondents' estimates of total annual fuel used was typically not employed.

Instead, the average annual fuel use for off-road recreational purposes was

frequentlyestimatedas:

M_(Ga_) = Mean(Days)x M_(Dga_) (9)
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where Ga//ons- fuel used annually per vehicle for off-highway

recreationalp_,

Days - Number of days ridden per year off-highway for

recreationalpurposes,and

Dgallons = Gallonsused per day.

The stated reason for using this rather indirect approach is that the survey

respondentswerelikely to underestimatethe totalannualfuel use. Itwas further

suggestedthata betterestimate of total annualfuel use can be obtainedfrom the

surveyrespondentsby askingfor anestimateof the numberof days riddenper year

for off-highwayrecreationalpurposesandthe averageamountof fuel used per day,

ratherthanby askingfor the totalannualfuel usedirectly. No relatedstudies were

cited to supportthis hypothesizedsurvey responsebias.

Consider the mathematicalexpression,

E ( Ga//ms ) = E ( Days ) × E ( Dga//ms ) + Cot,( Days, Dga//ms ) (i0)

where E is the expectationoperator. There is no reason to believe a priori that

Days and DgaUons areuncorrelated(i.e., Cot, (Days, Dgallons) ffi 0). Instead,

one of two approachesis preferableto compute a representativesummarymeasure

such as the mean or the median. One approachis to compute the mean or the

median of the direct survey responses on the total annualfuel use. The other

approach is to compute the mean or the median of the product of Days and

DgaUons [i.e., Mean(Days × DgaUons)].

In the following section, states' estimatesof the numberof off-highway

motorcycles and their fuel use are examined in more detail. The diversity in



surveymethodscontributestoa largedegreethe wide variationin states' estimates

of the averageannualfuel use of off-highwaymotorcycles. Since comprehensive

surveypracticesareveryexpensive,manyof the state's surveyefforts are limited.

For example, only one state, California, attempted to estimate the use of

unregisteredvehicles. Mostof theotherstatesbasedtheir estimateson the number

of registered vehicles, whi_,esome used an assumedcorrectionfactorto include

unregisteredvehicles. Althoughmanyof the state's off-highwayvehicle surveys

werediscussedin Section 2.2, for completeness, these surveysare repeatedhere.

Arizona

Two differentsurveyswere conducted- one for the winterand one for the

summer season. Eachsurvey covered a six month period and contacted 1,000

householdsusing a randomdialingprocedurethatselected a numberof telephone

numbersin proportionto eachcounty'spopulationsize. A low responserate in the

initial contactsled to additionalphone calls. Overall, 331 households indicated

that they had driven their off-road vehicles off-highway during the six-month

sampleperiod in the Winter of 1989, and 353 householdsindicatedthatthey had

driven their off-roadvehicles off-highway during the six-month sampleperiod in

the Summer of 1990. The reportedsurvey results do not include any usage

information by vehicle class. However, the results provide some useful

informationfor theestimatesof thenumberof motorcyclesand ATVs used for off-

the-roadrecreationalpurposeswhich are summarizedin Table 16.

The largevariationin totalpopulationestimatesfor motorcycles and ATVs

betweenthe two surveysindicatesthata relativelylargestandarderror is associated

with these estimates. A comparison of the combined average of these two

estimates, labeled "Motorcycles& ATVs (based on survey average)",with the
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Table 16. Estimated Number of Arizona Motorcycles and ATVs Used Off-Highway
(Basedon resultsfrom the 1990 ArizonaOff-HighwayVehicle Survey)

, HHS,,,, ,J H ,,,,, ,,u ........... III I I IIIIIII III

EstimatedTotal EstimatedOff-road

..... Vehicle population Vehicle Population .

Motorcycles 154,455 36,287

_ased on _e WinterSurvey)

Motorcycles 98,532 23,921

_med on the,,,summerSurvey) ........

Motorcycles 126,494 30,104

[SurveyAverage) , _
U 1' I_. . ._ i...L .......... I....................... _...,,. ....................... o.....o.:_.,. ,.,., _°_°_t:_._`;___`;_._._._

_:_: i_:_..i_i_:_:i:.:.::_:::_::_[:`._:::i:i:_::!_._$_$i:i:!:_:_!:_.:i::_.i_::_._.:_:_:i:_:i::_!i_._:_:i:_::.:i:::i::_;.:_:_.::!:!:!::_:_::::::::_;_._:::.:::::$::::_.$:::::::i_i_::_::::::::::::::::::::::::::::::::::::::;:_:i:i:i:i:_:i:!:i:i:_:i:_:i:i¢i_.:!:_:_:i:_!:_:!:_:i:i:i..:_:i$i_:!:i:`:$i:i:_.:_:i$i:_:?.i:i:_:_:i:_:i:i:_:_$._._:!:!$i:_!I!Ii!_ii_:_ii_i_:I

ATVs 83,885 27,748

(Basedon the WinterSurvey) .....

ATVs 59,918 18,847

(Basedon (he,,,,SummerSurvey) ......

ATVs 71,902 23,298

,,(SurveyAverage) .............._..........................................._....................................................._..........._..............._......................................,,.1

]
Motorcycles & ATVs 198,395 53,402

(Survey Average) ....

Motorcycles & ATVs 75,547

(Basedon Arizona's DOT) .......

Motorcycles & ATVs 104,400

(Based on MIC)

II , IIIII
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numberof registeredmotorcyclesandATVs reportedby the ArizonaDepartment

of Transportationyields an approximateestimate of the numberof unregistered

vehicles. Thecorrectionfactorfor unregisteredvehicles, the ratiooi unregistered

to registeredvehicles, is about 1.6 [(198,395 - 75,547)/75,547] -- an estimate

severaltimessmallerthanthatreportedby California(to be discussed later). It is

also interestingto note that71% of the registeredvehicles are used off-the-road

(53,402/75,547=0.71). Thecorres_nding MIC estimateof the total motorcycles

and ATVs population for the State of Arizona is only 52%

(104,400/198,395==0.52). This largediscrepancyis hard to explain withjust the

vehicle migrationissue, as discussed in Section 3.1, associated with the MIC

vehicle populationestimates.

California

A randomlyselected sample of 20,394 householdswere contacted. Of

those, 12,156 surveyswere completed,yielding a responserateof almost 60%.

The sample covered 53 of California's58 counties. The sample was selected in

proportion to each county's populationsize. The 5 counties which were not

coveredinthe surveyeachrepresentsno more thanone-tenth of one percentof the

state's total population. All panelists were interviewed four times, once every

threemonths. Eachrespondentwas senta reminderpostcardthatnotified him/her

when he/she would be contacted(or re-contacted). Each respondentwas also

provideda diaryto keeptrackof his/her off-roadfuel use. The registrationstatus

of each vehicle sampled was determinedby matching the sampled vehicles with

California's Departmentof Motor Vehicles' registration file of off-highway

vehicles. Based on the matching results, a correctionfactor was computed to

estimatethetotalnumber(registeredandunregisteredvehicles) of off-road vehicles

of a particular class. This correctionfactorwas 1 plus the ratioof unregistered
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vehiclesto registeredvehicles. A summaryof the surveyresultsarepresentedin

Table 17.

Thereportedestimateof annualfuel use is the productof the monthly fuel

consumptionestimates and the monthly usage estimates summed over the year

1989. Comparedto other states' and MIC'sestimates, California'sestimatesare

amongthe lowestin this summaryof off-roadfuel consumptionstudies. However,

the correction factor for unregistered vehicle seems surprisingly high for

motorcycles, a ratio of six to one. This correctionfactor was based on an

observationof 521 vehiclesof whichonly 76 couldbe matchedwith DMV records.

Any problemswiththismatchingprocesscouldeasilyresultin an over- or (under-)

estimateof the ratioof unregisteredvehicles to registeredvehicles. Table 17 also

shows the resultingestimateof the off-roadmotorcyclepopulationwhich is over

fouranda half times thatof the MICestimates. Clearly, the difference is difficult

to accountfor, shortof an overly highcorrection factorfor unregisteredvehicles.

Colorado

A mailsurveywas doneof randomly-selectedregisteredoff-roadvehicles.

Unfortunately,documentationof surveyresults is virtuallynon-existent. Since no

information is availableregarding the importantfactors, such as the numberof

householdssurveyedor the responserate, etc., noassessmentis madeof the survey

results. A summaryof the reportedresults arepresentedin Table 18.

Thetotalnumberof vehicles was derivedbasedon an assumptionthathalf

of all off-highway motorcycles, half of all ATVs, and ninety percent of all

snowmobilesareregistered. The fuel usage estimatesare also very conservative,

and in line with those of California.
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Table 17. Estimated Number of California Motorcycles and ATVs Used Off-Road for ,_

Recreational Purposes and the Corresponding Fuel Use, 1989

FuelUse _-
Number of Off-Road Vehicles (Gallon)Correction t_

Factor for Amml Fuel Total Annual _.
Number Unregistered California MIC Use/Vehicle Fuel Use

ReEistered Vehicles Estimate Estimate (Gallon) (Gallon)

Motorcycles: 207,633 5.9 1,432,668 317,500 44.36 63,552,629
Off-Highway models

Motorcycles: 564,949 0 564,949 514,800 6.68 3,772,846
Highway models

ATVs 76 2.5 268)226 28.30 7,590,036 ....

Adjusted to include unregistered vehicles
2 Mntnr_cle Rtati._tie_lAnmml 19gg. Motorcycle Industry Council, Inc., California.

!
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Table 18. Estimated Gasoline Consumption of Off-Road Vehicles in Colorado, 19_1
(Based on results of the 1991 Colorado off-road vehicle survey)

i

Registered Total Annual Fuel Use Total Annual

Vehicles Vehicles t per Vehicle Fuel Use

(Con) (cuon)

Off-Highway Motorcycles 9,389 18,780 27.4 514,360

ATVs 6,260 12,520 49.6 620,560

Snownmbiles 17,658 19,620 81.3 1,595,190

I Adjustedto includeunregisteredvehicles. ,_'
0
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Oregon

An off-road vehicle use survey was conducted on randomly-selected

registeredoff-roadvehicles. No effortwas madeto surveynon-registeredvehicles.

A summaryof the relevantsurvey results is presentin Table 10.

Not including incompleteresponses, the survey response rate was about

70%, which is reasonablygoodfor a voluntarysurvey. Unfortunately,the results

may not be very representativeof all off-highwaymotorcycle owners in thathalf

of the working sample consists of new vehicle owners. These new owners are

likely to use theirnewvehicles moreintensively thanother owners. This problem

is not as pronouncedwithATVs in thatonly 17%of the sampledATV owners may

be new (i.e., owning the vehicle less thana year) (Table 10). These annual fuel

consumption estimates illustrate the difference between consumption estimates

reported directly by survey respondentsand estimates computedby Days and

Gallons. The fact that the average of the product of Days and Gallons

[Mean(Days × Gallons)] is greaterthan the productof the averages [Mean(Days)

x Mean(Gains)] indicatesthatDays and Gallons are positively correlatedacross

individuals. Furthermore,as mentionedearlier, there is no supportmg evidence

to believethatMean(Days × Gallons) is a betterestimatethanthe annual fuel use

reporteddirectlyby the surveyrespondents. Afteran adjustmentfor recreational

use, the estimatesfor bothATVs and4x4s in Table 10 are substantiallylower than

the unadjustednumbers.

Utah

A telephonesurveyof registeredoff-roadvehicleownerswas performedfor

a 1990off-roadvehicle usagestudy. Thissurvey contactedover 1,000 owners, of

whom 600 completed questionnaires. No attemptwas madeto estimate the number

of unregistered vehicles or to estimate non-recreational use. The survey
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specifically asked about the total gallons of fuel purchased for off-road vehicles.

The overall fuel use for off-road vehicles is reported to be 331 gallons per

household. Unfortunately, tabulationsof the survey results did not include average

annual fuel consumption by vehicle class. The resultsof this survey are, therefore,

of limited value to this study.

Washington

A telephone survey of 3,460 households was conducted in 1986 regarding

off-road recreational vehicle usage in 1985. The method that was used to select

telephone numbers is not documented. The sample size within each district was

proportional to the population of the counties making up the district. The survey

identified 763 households owning one or more off-road vehicles (ORV). The

parameters at the state level were estimated by proportionally weighting the survey

results by the sampling expansion factors. These estimates together with other

relevant statistics are reported in Table 11. Also reported in Table 11 is a

confidence range with an unspecified significance level. A comparison with MIC's

1985 estimates of the number of off-road motorcycles and ATVs yields a large

difference which is over four times the reported confidence range.

A follow up mail survey was also conducted with the owners identified in

the telephone survey. Unfortunately, only 34 % of these households returned a

completed survey. Only 2 % of both dirt bike and ATV owners did not use their

vehicles at all in 1985, whereas 14% of dirt bike owners and 25 % of ATV owners

used their vehicles over one hundred days in 1985. The survey did not include any

questions regarding fuel consumption. Results from this mail survey are most

likely not representative due to selection bias.
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Comnart_on _qnmmary

Estimatesof the annualfuelconsumptionperoff-roadmotorcycle(or ATV)

fromfourstates(California,Colorado,Oregonand Washington)and the MIC are

summarized in Table 19. As discussed previously, the MIC estimate was

calculatedas:

Mean(Days)+M_(Days) x (Means(Dgallons)+Median(Dgallons)
2 2 (3)

= 76 gallonsper year

Unless it canbe provedthatDays andDgaUons are uncorrelated(i.e., Coy (Days,

DgaUons) - 0), a more accurate estimateof annual fuel use could have been

calculatedas:

Mean(Days x Dgallons) or Median(Days x Dgallons)

or as:

Mean(Gallons) or Median(Gallons)

where Days = the numberof days ridden per yearoff-highway for

recreationalpurposes,

Dgallons - the amountof fuel used per day riddenoff-highway

for recreationalpurposes,and

Gallons = the estimatedannualfuel usedpervehicle ridden off-

highway for recreationalpurposes.

Theresultingestimatesvaryconsiderablydependingon whichmethod is employed.

Without the actualsurvey data, these moreaccurate estimates of annual fuel use

can not be calculated.
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Table 19. Comparison of Annual Fuel Use per Off-Highway Motorcycle and ATV
(Basedon four Statesurveysand the MICsurvey)

Source Sample AnnualFuel Use/Vehicle Total AnnualMiles/Vehicle
Size

Motorcycles ATVs Motorcycles ATVs

MIC 1,193 76.0 76.0 353 353

California 754 44.4 28.3 - -

Colorado ? 27.4 49.6 - -

Oregon 721 89.3 125.6 - -

Washington 282 - - 2,700 3,360
i i

The Californiaestimatesappearto be carefully developed. A multiple-

survey effort with a usage diary is a better method of obtaining annual fuel

consumption estimates than using the productof the numberof days riding off-

highwayper yearandthe amountof fuel used per day. California'sestimatesare

considerablylower than those reportedby the MIC.

The Colorado estimates are also reasonably low but are basically

undocumented. It is difficult, therefore, to give these estimatesmuchweight in

formulatingan overall summarymeasure.

The Oregonestimatesarethe highest in this review of off-highwayvehicle
I

studies. The motorcycleestimate is likely to be biased upwardly becauseof the

large proportionof new motorcycleowners,50%. The ATV estimate is also quite

largebutmay be reasonablyrepresentativein thatonly 17% of the sampled ATV

owners were new owners and that the survey response rate was almost 70%.

However, the large proportionof vehicles which were not used for recreational
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purposes, 25 %, was not properlyaccountedfor in the f'malestimation, resulting

in a large over-estimationof the f'malstate totals.

The Washington survey, which did not collect fuel consumption

information,reportsveryhighannualmileage. With a responserate of only 30 %,

selection bias is likely to be strong. Consequently, the value of this survey is

limited for the purposeof our study.

Based on these availableestimates, the following combined estimates are

formulated. Thehighandlow rangesin Table20 appearreasonablegiven the wide

variation in availableestimates. The subjective weightsare based on the above

assessments. A highersubjectiveweight is given to an estimate from an approach

that is more reliable for the purpose of our study. Based on these weighted

averagesof annual fuel use, three sets of estimates are calculated for each vehicle

class. One set is based on the low fuel use estimate, one on the high fuel use

estimate, and the third one on the average of the low and high estimates. Tables

21 and 22 presentthe estimatednumberof vehicles used off-highway at some time

for recreational purposes, and the amount of fuel used by motorcyclesand ATVs

for off-the-road recreationalpurposes, respectively.

Statepopulationestimatesof off-highwayvehicles also exhibit considerable

variation. A summaryof these estimates is provided in Table 23. Estimates for

both Coloradoand Oregonare lower than other states' estimates for the following

reason. These stateestimates are both based on the number of registeredvehicles

with no attempt to estimate the number of unregisteredvehicles. On the other

hand,Arizona, California,and Washingtonall attemptto estimatethe numberof

unregistered vehicles by meansof a survey. The California survey did not have

a vehicle registration status question, and instead relied on matching the
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Table 20. Subjective Weights and Weighted Average Annual Fuel
Consumption per Off-Highway Motorcycle and ATV

,,,, ,,,,,H

• SubjectiveWeights

Low High

California 75.0% 50%

Oregon 12.5% 25%

MIC 12.5% 25%

iiii!til!!i/i  iii ! i iiiiNi l{!!ili! i
Motor_,ycles 54 64,, ,

ATVs 46 65

Departmentof Motor Vehicles' records. This approachmay in part account for

the large differencefrom the correspondingMIC estimate. In any case, the large

differencesbetweenthe state'sestimatesand the MIC'scorresponding estimates for

Arizona and Washington are difficult to explain. Even after adjusting the MIC

estimates to allowa positive net vehicle migrationand to have slower depreciation

rates, at mostonly 30% of thesedifferencesmaybe accounted for. The remaining

difference might be attributable to:

1. limitations in states' surveysampling methods, and

2. inaccuracy in MIC's annual retail sales.

Withoutadditionalinformation,it is not possible to resolve the differences between

the states' and MIC's estimatesat this time. It is thereforerecommendedthat the

MIC's estimatescontinue to be used in estimation of state numberof motorcycles

and ATVs used for off-highway recreationalpurposes.
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Table 21. Estimated Number of Motorcycles Used off the Road for Recreational Purposes
and the Corresponding Fuel Consumption - 1992

, I II II

Fuel Used (Gallon)

Number of Low Average High
Vehicles Estimatest Estimates2 Estimates 3

State
i

Alabama 27,400 1,479,600 1,616,600 1,753,600

Alaska 6,000 324,000 354,000 384,000
Arizona 25,100 1,355,400 1,480,900 1,606,400

Arkansas 17,600 950,400 1,038,400 1,126,400

California 253,754 13,702,730 14,971,500 16,240,270

Colorado 31,900 1,722,600 1,882,100 2,041,600
Connecticut 18,100 977,400 1,067,900 1,158,400

Delaware 3,308 178,618 195,156 211,695
D.C. 241 13,038 14,246 15,453

Florida 70,517 3,807,897 4,160,480 4,513,063

Georgia 45,500 2,457,000 2,684,500 2,912,000
Hawaii 4 4 4 4

Idaho 24,100 1,301,400 1,421,900 1,542,400

Illinois 45,000 2,430,000 2,655,000 2,880,000
Indiana 30,800 1,663,200 1,817,200 1,971,200

Iowa 16,200 874,800 955,800 1,036,800

Kansas 12,300 664,200 725,700 787,200

Kentucky 19,300 1,042,200 1,138,700 1,235,200
Louisiana 16,800 907,200 991,200 1,075,200

Maine 9,500 513,000 560,500 608,000

Maryland 24,400 1,317,600 1,439,600 1,561,600
Massachusetts 29,300 1,582,200 1,728,700 1,875,200

Michigan 52,500 2,835,000 3,097,500 3,360,000
Minnesota 25,800 1,393,200 1,522,200 1,651,200

Mississippi 10,200 550,800 601,800 652,800

1Estimatesarebasedon 54 gallonspervehicle.
2Estimatesare basedon 59 gallonsper vehicle.
3Estimatesare basedon 64 gallonsper vehicle.

Motorcycledatafor Hawaiiare not available.
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l l i LI l,i, , ,,

.........Fuel Used (:Gallon)

Number of Low Average High
Vehicles Estimates_ Estimates2 Estin_te#

State
i i iiiii iiii i i

Montana 14,000 756,000 826,000 896,000

Nebraska 8,300 448,200 489,700 531,200

Nevada 13,396 723,369 790,348 857,326

New 11,400 615,600 672,600 729,600

New Jersey 35,800 1,933,200 2,112,200 2,291,200
New Mexico 14,300 772,200 843,700 915,200

New York 64,300 3,472,200 3,793,700 4,115,200
North 42,800 2,311,200 2,525,200 2,739,200

NorthDakota 5,100 275,400 300,900 326,400

Ohio 52,200 2,818,800 3,079,800 3,340,800

Oklahoma 26,100 1,409,400 1,539,900 1,670,400

Oregon 31,223 1,686,028 1842141 1,998,255

Pennsylvania 62,200 3,358,800 3,669,800 3,980,800
Rhode Island 5,000 270,000 295,000 320,000

South 19,200 1,036,800 1,132,800 1,228,800
South Dakota 5,500 297,000 324,500 352,000

Tennessee 32,800 1,771,200 1,935,200 2,099,200

Texas 96,000 5,184,001 5,664,001 6,144,001

Utah 24,300 1,312,200 1,433,700 1,555,200

Vermont 4,100 221,400 241,900 262,400

Virginia 36,200 1,954,800 2,135,800 2,316,800
Washington 50,700 2,737,800 2,991,300 3,244,800

West Virginia 16,700 901,800 985,300 1,068,800
Wisconsin 27,000 1,458,000 1,593,000 1,728,000

Wyoming 7,000 378,000 413,000 448,000
TOTAL 1,543,539 83,351,081 91,068,772 98,786,463

t Estimatesarebasedon 54 gallonspervehicle.
2 Estimatesare basedon 59 gallonspervehicle.
3Estimatesare basedon 64 gallonspervehicle.
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Table 22. Eattmated Number of ATVs Used off the Road for Recreational Purpmes
and the Corresponding Fuel Consmnptlon - 1992

III I I I IIIII IIIII I II Iilliilli II I I II I II I II I

.... Fuel Used (Gallon) ..........

Numberof Low Average High
State Vehicles EstimatesI Estimates_ Estimates3 ,

Alabama 44,764 2,059,165 2,484,427 2,909,690

Alaska 20,270 932,441 1,125,010 1,317,579
Arizona 26,624 1,224,698 1,477,625 1,730,552
Arkansas 55,596 2,557,401 3,085,560 3,613,719
California 137,720 6,335,115 7,643,454 8,951,793
Colorado 16,262 748,040 902,527 1,057,013
Connecticut 10,030 461,392 556,679 651,966
Delaware 3,619 166,490 200,874 235,258
D.C. 0 0 0 0
Florida 45,311 2,084,290 2,514,742 2,945,193
Cm,orgia 50,934 2,342,970 2,826,845 3,310,719
Hawaii 4 4 4 4

Idaho 15,430 709,768 856,351 1,002,933
Illinois 29,513 1,357,583 1,637,954 1,918,324
Indiana 30,026 1,381,193 1,666,440 1,951,686
Iowa 16,617 764,378 922,239 1,080,100
Kansas 11,548 531,228 640,938 750,649
Kentucky 29,477 1,355,959 1,635,994 1,916,028
Louisiana 44,764 2,059,165 2,484,427 2,909,690
Maine 15,005 690,242 832,792 975,342
Maryland 15,968 734,535 886,233 1,037,930
Massachusetts 15,727 723,462 872,873 1,022,283
Michigan 68,906 3,169,662 3,824,266 4,478,870
Minnesota 35,159 1,617,295 1,951,302. 2,285,308
Mississippi 34,002 1,564,082 1,887,099 2,210,116
Missouri 39,521 1,817,981 2,193,434 2,568,886
Montana 12,026 553,202 667,450 781,698
Nehra.qka ........ 1___794 6"_4_52_ .... 7t__5t_5 .gq6.608

1Estimatesarebasedon46gallonsper vehicle.
2Estimatesare basedon55.5gallonspervehicle.
3Estimatesare basedon65 gallonspervehicle.
4ATVsdataforHawaiistatearenotavailable.
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Fuel Used (Gallon)

Numberof Low Average High
State Vehicles EstimatesI Estimates2 Estimates3

Nevada 9,073 417,378 503,575 589,773

New Hampshire 11,394 524,141 632,387 740,634
New Jersey 22,869 1,051,973 1,269,228 1,486,483
New Mexico 9,455 434,907 524,725 614,543

New York 63,953 2,941,832 3,549,385 4,156,937
North Carolina 42,639 1,961,410 2,366,484 2,771,557
NorthDakota 5,774 265,614 320,469 375,324
Ohio 48,632 2,237,061 2,699,063 3,161,065
Oklahoma 20,634 949,171 1,145,196 1,341,220

Oregon 29,671 1,364,862 1,646,736 1,928,609
Pennsylvania 78,557 3,613,619 4,359,909 5,106,200
Rhode Island 1,525 70,132 84,615 99,099
SouthCarolina 16,041 737,894 890,285 1,042,676
South Dakota 6,352 292,176 352,516 412,857
Tennessee 50,249 2,311,437 2,788,798 3,266,160

•,. Texas 77,601 3,569,640 4,306,848 5,044,056
•. Utah 24,128 1,109,883 1,339,098 1,568,313

Vermont 6,419 295,291 356,274 417,258

Virginia 26,735 1,229,823 1,483,808 1,737,793
Washington 26,094 1,200,343 1,448,240 1,696,137
West Virginia 33,782 1,553,967 1,874,895 2,195,823
Wisconsin 31,245 1,437,267 1,734,094 2,030,921
Wyoming 7,337 337,488 407,186 476,885

68 483 569 82 626 914 96 770 256

Estimatesarebasedon46gallonspervehicle.
E,qimatesarebasedon55.5gallonspervehicle.

3Estimatesarebasedon65gallonspervehicle.
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Table 23. Comparison Summary of States' Estimates of Total Number of
Off-Highway Motorcycles and ATVs

(Basedon State Surveys)

i ,1|i

State MIC Ratio

.... Estimate Est'.tmate (State!MIC)

Arizona .......... 198,395 104,400..... 1.9 ..........

California 1,700_894 ......3171500 5.4 ,

Colorado , , 31_300 50,_200 0.6 ....

i Oregon ,, 42_700 67t500 ,. ,0.6

Washington ....... 269r667 1031900 2.6

4. SNOWMOB_

4.1 _timaticm Prc_ure

Since 1981, thirty-one states have been submitting their snowmobile

registrationdam to the InternationalSnowmobile IndustryAssociation (ISIA) in

response to ISIA's annual registration survey - North American Snowmobile

Registration Survey. Table 24 reportssnowmobileregistration data by state. In

thisestimationprocedure,all snowmObilesareassumed to be used exclusively off-

the-road,implyingthat c2in Equation(1) equals1. Until state-specific information

on the percentage of the time when a snowmobile is used for non-recreational

purposes becomes available, the factor cj (the percentage of the time when a

snowmobileis used forrecreationalpurposes)is arbitrarily set at 0.5 for all states.

Thisassumptionis likely to be subject to criticism. However, the major purpose

of thisestimationprocedure is to developmenta quantitative measure to equitably

apportionthe National RecreationalTrailsTrustFundamong states. Setting c3 to

a value other than 0.5 to reflect different degreesof non-recreationalsnowmobile
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Table 24. Nmnber of Registered SnowmobLlesby Statest
!

Years

Ah,_.. lr102 2r$22 11602 2r522 2_632 3_$93 1r812 21671 21756 4r427 4,7.31

I'_jdlfornia 5rr_ 2 5t048 5r120 4r816 5r837 5r729 6r283 6rM7 7r989 8r849 9,646

Coimsda 121832 14r087 13t959 13r788 14r250 13r600 14t234 15r060 16r026 17,142 18,396

__- 2r700 2t$T7 2_7.66 2t379 31239 3t667 3t626 3r503 3r062 27635 2,600

Delav_,re 290 290 290 290 290 280 263 328 307 290 176

Idaho 19r961 18r552 21rT&5 20r200 23r000 18tO00 2GROG0 21r024 15r3.56 21r000 22,790

llllnai_ 70jg'_ 72r682 69r439 66r863 63t591 60r490 $91163 621047 60r$10 58t891 58_76

Ind'_,_m 44_760 46r361 32r037 32r651 23_$39 23r695 26r643 19t206 22r941 21r509 18,178

imut 601000 56r000 60r291 65r329 55r091 55r090 49r033 45r000 22y020 22.000 29.300

k4tlm,_ $1r511 $71178 42r177 47r862 49r722 56r391 57r481 581148 6311g0 61,641 63,471

Ms_l,nd 786 896 639 I r200 400 420 450 450 333 235 235

bl,-.._.h-_..--* lftr696 23r000 16r54_ l$rO00 l$rO00 l$rO00 l$rO00 22_000 23t110 13tO00 81.7.53
tame

M',_nn 36R_st58 386_391 282r274 271r221 287r$24 200r773 206r544 200r854 205t772 202r368 180r340

Mi_ ?'Tier764 __'_0rl_0 207r564 202_944 202_944 198_212 181r598 192t647 194t339 191r838 192_926 _.

Mo,_,,m 10_944 14_046 16_074 13r261 16_$69 12_068 50_589 50_000 14_500 14r.500 lira00

Nct_,h 1_500 I t016 1_664 1_858 994 I r095 1_095 918 902 767 828

New FIt_ 26r679 35_490 21_154 29_658 30r586 32_974 38_332 30_000 33.000 32.430 27.330

New Jcl1_ $_392 4_015 4t109 4_000 6_000 6_000 6r000 2_600 3r641 2_991 3_000 "'"'_l:j.

New Mexim 2.543 3.077 5.900 4.S00 6.000 6.000 6.000 7.029 1.100 1.246 1.246

t Data are based on International Snowmobile Industry Association's North American Snowmobile Regislz_,on Survey.
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Years

North Dakota 14,900 13,660 14,739 10,976 13,532 10,823 6,415 9,361 10,893 I 8,200 9,200

Ohio 32,045 32,045 24,048 31,971 15,417 6,388 25,456 18,782 17,947 18,040 15,421

5"
Oregon 7r544 7T682 4r113 8r134 7r813 8r597 8r767 9T349 9r533 9r675 10v078

Pennsylvania $$r763 56v459 55r000 47T000 46v700 47T000 46v500 43_785 43r000 39v449 42r354.

Rhode Island 400 451 395 395 395 21.700 395 395 432 375 353

South Dakota 4v695 6r986 7r839 9v617 9r066 5r163 6r459 6_.433 3r200 4_,028 3r480

Utah 14v984 17r016 16r355 11r741 131480 12F951 11_884 16r481 12v706 14_024 9r683

Vermont 22F223 28T827 19v971 21r288 11r953 19r566 23r573 27r953 33r961 32_762 31_515

Washington 14p194 15r161 14r959 14p959 17p020 15r813 17p922 20F032 17p280 19p631 20p414

Wisconsin 162r600 175T334 159r561 164r124 154r000 145r609 149r839 150r963 151r000 155r632 156r062

Wyoming 9,468 12r715 12p972 12 v197 1It 136 11 r868 13p736 14p958 14p683 14p506 14p208

TOTAL 1r359_115 1_415_031 112071750 1r199,800 1,177,066 1,060,256 1,109,413 1,114,996 1,051,813 1,04_330 1,0171013

Data are based on International Snowmobile Industry Association's North American Snowmobile Registration Survey.

!

O_

!
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use will not alter the final state distribution unless data on state-specific cj are

available (i.e., ca varies from one state to the next).

In the ISIA survey, participating states are asked to estimate the number of

unregistered snowmobiles. In the 1991-1992 survey, four states (California,

Colorado, Idaho, and New Hampshire) provided the number of unregistered

snowmobiles. The state-specific percentage of unregistered snowmobiles (cI)

ranges from 5 % in New Hampshire to 55 % in Idaho. ISIA estimated that the

national average is 20 % using these survey data. For states that did not provide

any information on unregistered snowmobiles in ISIA's annual survey, the ISIA

estimate of 20% was used to adjust for unregistered snowmobiles. The estimated

numbers of snowmobiles used off-highway for recreational purposes by state are

based on ISIA's survey results, with one exception (Arizona), and are presented

in Table 25. The State of Arizona, based on its two off-highway vehicle surveys,

estimated that there were 1,088 snowmobiles ridden off-the-road in 1990. This

estimate of 1,088 was used by Arizona State to calculate Arizona's snowmobile

recreational fuel use. Arizona has never in the past 13 years reported any

snowmobile registration data in the ISIA's annual snowmobile survey. This

instance reflects a shortcoming of relying on data from the ISIA survey to estimate

numbers of snowmobiles used off-road for recreational purposes -- snowmobile

count data are missing for states that arc unable or that fail to respond to the ISIA

annual survey. Further attempts were made to obtain snowmobile count data by

contacting a few state Departments of Transportation and trade associations (e.g.,

National Sporting Goods Association). Most of the states contacted are unable to

provide snowmobile count data because of either no requirement to register

snowmobiles, or the absence of a proper proce,dure to separate snowmobiles from

other types of off-road vehicles which are grouped together. Although
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Table 25. Estimated Number of Snowmobiles Used for Off-Road Recreational
Purposes and the Corresponding Fuel Consumption, 1992

(Afteradjustedfor unregisteredsnowmobiles)
i i1,11

State Number of Fuel Used Average Fuel Use per
.................................................................................................Snowmobiles .;._i .............................................Snowmobile __.L_._:_:_:_:::_.

ii_ :'::'_"::_iii!i!iiiiiiili!iiiiiii!iiiiii!iiiii!iiiiii',iii!i'_iiiiiii!iiiiiii',!i',',ii',iiiiiiii_ii!iii!i',ii!iiiiiiilil;,_,,_:i_:::_::_=:_:!_!_',!:_iii/iiiiiiiiiiii_iiii!iiili!ii iiiiiiii!iiiiii!i!!i!i!iiiii!ii!iiiii!iiiiiiilii!iiiiiiiiiiiiiiiiiii_iiN_i!i!!iiiiiliiiiiiiiiiiii_ ,..............,_-_...... :_!_!,iii_i_iiiiii:_._:_:_:_:_._;_.
Colorado 22,443 430,908 19.2
Connecticut 3,120 59,904 19.2
Delaware 211 2,703 12.8
D.C. 0 0 12.8
Florida 0 0 0

"_ ............. iiiiilliiiili .......................................................................ili!iii!iii_"_'_'_'_'''_'':-:-:::,,:-,_,:_,::!_::-:::--;,:,/,_-!:!i _._. i::ii._i:i_ii._.:.ii:_._i:_i.._ii:i._:i-.:i__?,!.!i'._: i;.i;,iiii!;.!i!!ii_;._i!_;._il!:!:_!!:_:-!:-!:!

:_:_::_-_-_:--:-_:-i::_:_:_--::i_;_ _:_::_i_i:iii_i"__:_:_:_:_:_:__..........::i_i:::_._:_._._:iii!iii!iiiii!i!iii!iiiiiiii.i_i,i,ii_i_i_ii

iii!N_iiiiii!iiiiiiiiii_,i_,iiii'_il;iiiiiiiiiil;iiiiiiiiiiiiiii_i_iii_i_!i_i_ii_ii_iiiiiii_!_i_ii_i_iii_i_i!_i_iiiiii_ii_i_ii_ii_ii_i_i_i_iiiii_ ._`._._:_;_:_:_:_:;_:._._:_._:_:._::_:_._._._:_,:_.!_i_!_!_'_'_'_:_'_'_;:_'_'_'_;:_'_:_-_-.---,.;:;:_:_:;:;:;_;:;_;:.;:_:-_:_-_:__'_._.........
Iowa 35,160 450,045 12.8
Kansas 0 0 12.8

Kentucky 0 0 6.4
Louisiana 0 0 0

Maine 76,165 1,949,829 25.6

"!
_i_IiIi_!_i_i_ii!_iiiiii_i_i!_iIi!i_;_I!............_i!i_iiii!ii!i_i_i_Ii_iiii_!_i_i_

_i_i_Iiiii!ii_ii!_iii!!!i!iii!i!I!iii_iii_i!_ii!!_i_!iiiiiiiiii_!_ii!!iiiiii!_i_ii_!_i_i_iiiiiii_ii_iiiiii_iiii!iii!_ii_!_i!!i_iiIiiiii!!_iii_ii_i!i!i!!_i_!ii!ii_!!ii_iiiiii_ii_ii!iiii!i_iiiii_!iiili!i!iiiii!!iiiiNiiiii!!!
Missouri 0 0 6.4

Montana 13,560 347,136 25.6
Nebraska 994 19,077 19.2
Nevada 0 0 19.2

New Hampshire .... 28_697 734_630 .... 25. 6
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IIII

Number of [ Fuel Used Average Fuel Use per

I

State Snowmobiles t (i_ Snowmobile (gal.)

_i !_.... .,_ililit!I_iii!fi_itiii!/i_!iil_liiti!/!i/iitiii/iiiiiiiil/i!i!ii_i!i_liiiiiif:,......::_!ii!ii!i/!iii!iti_!!iilt_,i!._!!iiii_!ii_iiii!iiiiiiiii/ii!i',ili.......:...........................:_.........._":__i__I1i_iiii_i_1i_i_iI_ii_i_I!i!_i_!ii_!1iiii_i!!Iii_i!ii_!!iiiiiiii!i!iI__i!iiIi_iI_.................. "":_"_..............._'__'__"
:,iiiiiiii!i!iiiili!i_iiiiiiiiiii/iii.:........................_........_...::_..:."::-..........: .......................::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Ohio 18,505 236,867 12.8
Oklahoma 0 0 6.4

Oregon 12,094 309,596 25.6
Pennsylvania 50,825 975,836 19.2
Rhode Island 424 5 422 12.8

............................................
Vermont 37,818 968,141 25.6
Virginia 0 0 12.8
Washington 24,49? 627,118 25.6
West Virginia 0 0 12.8
Wisonsin 187,274 3,595,669 19.2
."........................iii:i:iii::i:i:ii:i::i:i:i:i:!Wiiiiii:iii:i:iiiiiiiii:i:iii/iliiill_iii._"i''!i....................iiiiii!iiiiiiiiiiiiliiiiiiiiiiiiili_............ii"i..........iii!i!iiiiii!ii!!iiii!t!i!iiiiiii"l"ii;"i iili!/iiiiiilf

Adjusted based on ISIA's usage estimate of 63 gallons per snowmobile.



Fuel Used for Off-Highway Recreation - 65 -

snowmobile sales data are reportedby a few trade associations, they are not

availableat the state level.

Basedon thesurveydata,the ISIAestimatesthatthe averageannualamount

of fuelusedper snowmobileis 63 gallons. However, to account for the difference

in snowmobileusageamongstates,data on the averageannualamount of snowfall

are used to derivea set of adjustmentfactors,rangingfrom 0 to 5 (Table 26). The

adjustmentfactorof 0 indicatesthat the amount of snowfall is negligible (such as

in Hawaii or Florida), while an adjustmentfactor of 5 indicates the heaviest

amountof snowfall(suchas in Alaska). It is recognizedthat snowmobileusage is

more a functionof the amount of snow accumulatedon the groundthan of the

amount of snowfall. Sincedataon state-specificsnow accumulationare not readily

available, the average annual amount of snowfall is used as a proxy of snow

accumulation.The averageannualamount of snowfall is estimatedfrom a mapof

meanannualsnow fall. All states that did not reportany snowmobileregistration

data in the ISIA's survey areassumed to have no snowmobileactivities, except

Arizona.

The estimated annual fuel used by snowmobiles for off-highway

recreationalpurposesis calculatedby

Oaf3.j.,:N3.j.,x (63c_uonsx c3)x _j (I)

whereNa.j.,= the numberof snowmobiles, registeredand unregistered, in state j

in yeart; ca(the percentageof the time whena snowmobile is used for recreational

purposes) - 0.5, and _ - the adjustmentfactor for state j in terms of the
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Table 26. Average Annual Amount of Snow Fall and the Correction
Factors For Snowmobile Usage

Snow Fall_ Correction Snow Fall_ Correction

State !in/ Factor State (in) Factor

:_:::::::::!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

_i_iiiiiii_ii_i_!i!!!iiiii!!_!ii!iiii_!_!i!iii1i_!_!!iiiiii!iii_ii!_i_ii_ii_!_i!_i!ii!i!ii_iii!iil!iiiili!!iiil_!!_i_!iiiiiii_i!i!i_ii_if__i_fi_i_i_i_i[_1_ii_!_iii_[_!_iIi__!_iii_iiii_iii_!!_i!i_i_!i_iiiiiiii_iIiiii!I_i_i!_ii_i_ii_i_i_!_!i_i_iiiii!iiii_I_iiii_iii!iiiii!iiiii_i
i___i_i_i_i_ii!_ii_iiii_i_i_!ii_ii!!!iiiiN_ii_!ii_iiii_i_i_i_i_iiiiii!i_iiiiiii_iiiiiii_i_ii_iiiii!_i_I_i_i_!ii_i_I!iii!_!ilii.............i!.iliiiiiiii_iiiiiliiiiiiiiiiiiiiiiiliiiiiiiiiiiliiii!iiiiiiiiii!iiiiiWiiiiiiiiiiiii_iii_i_i_i_ii_Nii_!i}ii_i_i!I_iii_ii_i_ii_i!_iii_iii!_ii_!i!_iiIi_!Ii_!i_i!_i!iilNi!_l_iiiiiiiilii!iiiiii!iiii_ii!iii!iiliiiif!lii_ii!lfiiiiiiiiifiiiiiiilliiii!!t_i!iN!iii_iilIi!iiii!iiIii!i_!i/litiiiili!iii _iii!i_ii_i_iiiiiiii_i!!iiiNi!!i_iiiNii_!_iiii_iii_!_!iii_i_i_i_I._!i_iiN_!iii!_i_Iii

Colorado 32 -64 3 New Jersey 16- 32 2
Connecticut 32- 64 3 New Mexico 16- 32 2

Delaware 8- 16 2 New York 64- 96 4
D.C 8 - 16 2 North Carolina 8 - 16 1

Florida < 8 0 North Dakota 32 - 64 3
i:!._ i._i._i_i__!_ii_:i!iii_:ii_iii!ii_i:i!i_i_i!i_i_i_i._ii_iiii:i_i:iiiii_i!i_.:_i:;.i:_.i_._.i:i:!:i:i:_._:_:i:i:i:_:_::i:i_:!:_'::_:_:_'_:i:a:ia:_:i:i:ia:i:i_'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::ii:.i_ii

,:_,_:.:,._...._._:_:_:_#:_`._%_`.:`_%_:::a_,a_::::::_%_a:a_i[_ii_!i_i_!_i_i_i_i_i_J_i_i_ii_i_#_iiiiiiii_ii_iiiiiNii_iNiiii_ii_i_i![iii_iiii_iii_ii_i_!i_ii_Hi::_.:_
ili!_ii!!iiiii!iiiii!iiiiiiiii!iiiiif!ii[fi!iii!_iiii_i_i_i!i_i_iiii_iii!i_fi!iiiiiii!_i!ii!_i_iiiii_iii!iii_f_iiii!i!_iiifi_ii![iiii_ii!i!_iiiii_iii_ii!iiiiiiiii!iiiiiiiiiiiiiiiiiil!ilii!iiiiiii_ii!i!!iiiiii!iliiiiii!iiiii!i!i_iii[ii[!ii!i
Iowa 16- 32 2 South Carolina < 8 0
Kansas 16 - 32 2 South Dakota 32 - 64 3

Kentucky 8- 16 1 Tennessee < 8 0
Louisiana < 8 0 Texas < 8 0

Maine 64- 96 4 Utah 64- 96 4

;.:;"::•: _. • :::::::::::::::::::::::::::::::::::::::::::::::.:......., .:.:..:................... : :' • .:.:.:,:..;.:.;:.:: :::.:::•: •: ::::: •: :::::::::::::-, ::::........_i ili!iiiiliiiii!_ii!!iNii!iiiiiiiiii!i!iiiiiUiiiiiiiiii_ii!ii!iiiiiiiiiiiii!_:...._Ni!i!iiiiiiiiiliili!ii!iiiiiii!iiiiiiiiiiiii!N_iNiiiii!i!ii!i!iii!i.i!!li!iii!i!iiiiiii_i-!iiiii_i_iiiiiii!_iiiiiii_iiiiii_!_iii_iNii_iiiiii_iiii_!_ii!iii!i_ii_!ii[i_i1ii_i!_ii_f_!i_!_!1iii_i=::i_i,
Ni iiiiiiiiiiiii!iiiiiNii_!i_iiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiii[ii!iiili!iiiiiiiiiii!_N___ii_!iiii_!_ii!i_i_i_ii_iiiii_i!!_ii_!_iiiiIii_iiii_ii_iii_iI!iii!_ii_i_i_:!::::
_N_iii[iiiiiiiiiiiiiiiiiiii!iiiiiiliiN_!_i!!iiiiiiiiii!i!iiii!i[!ii!!ii[iiii!iiiiiii[ili[iiiii_!iiililiiiiN_ii[iiiiiiiiiiiiiiiiiiiiiiiiiiil}iii!iNii_iNiiiiiiiiiiiiii!i!iiiiiiiiiiiiiili!i_ii:iiii:_:i

Wyoming 64- 96 4

Deducedbasedon the mapof meanannualsnowfall publishedinthe "TheNationalAtlas of the United
Statesof America,"p. 100. U.S. Departmentof Interior,Washington,D.C.
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difference in the amountof snow fall (Table26). The resultingestimatesare in

Table 25.

4.2 Evaluatinn nf ,_tat_' F_qtimat_qnf Snnwmnhile II_e

Eight states conducted their own snowmobile surveys to estimate the

numbers of snowmobilesand the correspondingfuel use. They were: Arizona,

California,Colorado, Minnesota,NorthDakota, Oregon,Utah and Washington.

Fourof the surveysfocusedon all off-roadvehicles, includingsnowmobiles, and

were discussed in Sections2.2 and 3.2. These surveysare discussed briefly and

their results on snowmobiles are summarized. Surveys specifically for

snowmobiles were conductedby the states of Minnesota, North Dakota, Oregon

and Washington;and are discussedhere in moredetail.

Arizona

The Stateof Arizonaconductedtwo differentsurveysduring 1989-1990 --

one for the winter and one for the summerseason. Each survey covered a six

month period and contacted 1,000 householdsusing a randomdialing procedure

that selected a numberof telephone numbers in proportionto each county's

population size. Based on the survey results, Table 27 presents the population

estimates. To avoid double counting, Arizona excluded rented or borrowed

vehiclesfromthe estimatednumbersof snowmobilesused off-road, as reportedin

Table 27. No explanationswere offered in the reportas to why snowmobiles in

Arizona were used in the summermonthsbut not in wintermonths. Although

Arizona surveycollectedinformationon milesdrivenby snowmobiles,the reported

surveyresults do not include any usage informationby vehicle class.
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Table 27. Estimated Number of Snowmobiles Used for Off-Highway in
Arizona, 1990

, I I

Estimated Number
EstimatedTotal of Snowmobiles

SnowmobilePopulation , Used Off-road

Basedon the WinterSurvey 13_315 ........0

Based on the SummerSurvey 9r321 2_175

Survey Average 111318 13088

Based on ISIA's Annual 0
Surveys .....

Source: "The 1990 ArizonaOff-HighwayVehicle Survey," College of Public
Programs, Arizona State University, prepared for the Arizona
Departmentsof Transportationand Gameand Fish and Arizona State
Parks Board. January1991.

California

The State of Californiarandomlyselecteda sample of 20,394 households

to estimate1989 off-roadfueluse. The surveywas completedwith a responserate

of almost 60%. To determine whether the sampledoff-highway vehicles were

registered, they were matched to California's Departmentof Motor Vehicles'

registrationfile of off-highway vehicles. Basedon the matching results, the ratio

of unregisteredsnowmobiles to registeredsnowmobileswas seven to one. This

ratio was based on an observationof 8 snowmobiles of which only 1 could be

matchedwithDMVrecords. The totalnumber,of snowmobilesin Californiawas

estimatedas in Table 28. One of the mcst significantfactorscontributingto the

difference between California's estimates and ISIA's estimates is probably the

correctionfactorfor unregistered snowmob_!es.
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Table 28. Estimates of California Snowmobile Off-Highway Recreational
Fuel Use, 1989

Ill'l II II"ll

State's Estimates ISIA's Estimatesi i ii

Numberof Re$isteredSnowmobiles 6_263 ,, 6r847

CorrectionFactorfor Unregistered 7 2,530 t
Snowmobiles

ii i

Total Numberof Snowmobiles 50,104 9,399

X
i

Annu_ Fuel Used per Snowmobile . 34.9 63.0

ii

Total Snowmobile Fuel Use 1,750,824 592,137

[

1 Numberof unregisteredsnowmobilesreportedto the ISIAannualsurveybythe State
of California.

Colorado
A mail survey was done of randomly-selectedregisteredoff-roadvehicles

in Colorado. Since no information is available regarding the importantfactors,

such as the number of households surveyed or the response rate, etc., no

assessment is madeof the survey results. The State of Colorado estimatedthat

there were a total of 19,620 snowmobiles in Colorado, both registered and

unregistered. Eachof thesesnowmobiles,on average, used 81.3 gallons per year,

resultingin anestimateof 1,595,190 gallons of fuel used by snowmobiles for off-

roadrecreationalpurposes (Table 18).
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Minnesota

Minnesota's Departmentof NaturalResourceshas conductedsurveys of

snowmobilerssince 1983/1984. Data from each survey werecollected eitherby

phoneor throughthe mail. The methods thatwere used to select the sample, the

exactsamplesizes andtheresponserateswerenotdocumented.Historicalgasoline

consumption for r.e,giataradsnowmobiles used in Minnesotaby Minnesotans is

presentedin Table29. The numberof unregisteredsnowmobiles in 1990/1991 use

season was estimated at 35% of the number of registered snowmobiles.

Furthermore,registered and unregisteredsnowmobiles were assumed to have

identicaluse levels of 40.8 gallons per year, resultingin a total of 10,566,381

gallons of fuel used by snowmobilesfor off-highwayrecreationalpurposes.

Table 29. Gas Consumption of Registered Snowmobiles
Used in Minnesota by Minnesotans1, 2

Year Fuel Use/ x No. Registered - Total Fuel Use
Snowmobile Snowmobiles

84-85 20.5 x 203,000 ffi 4,161,500

85-86 31.9 x 181,000 ffi 5,773,900

86-87 18.6 x 170,000 - 3,162,000

88-89 51.0 × 184,000 = 9,384,000

89-90 36.4 x 184,000 = 6,697,600

90-91 39.8 x 191_715 = 7r630_257'

1 BasedonTable1of "GasolineConsumptionbySr_wmobilesWithinMinnesota"byJ.C.
Vlaming,D. H. Anderson,andG. Flekke,Universityof Minnesota.February,1992.

2 Nosurveywasconductedforthe1987/1988useseason.
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North Dakota

A mail surveyof randomly-selectedI, 127 registeredsnowmobileowners

was conductedin NorthDakota. Of these, 647 completedquestionnaires,yielding

a responserateof 58%. Surveyparticipantswerecontactedthree times. First, the

questionnaire was mailed to all 1,127 sampled snowmobile owners.

Approximately 7 days after the questionnairewas mailed, a thank-you/reminder

postcardwas sent. Finally, 2 to 3 weeks later, anothercopy of the questionnaire

was sent to all non-respondents.

Twenty-fourpercentof the respondentsdid notpurchaseany fuel to operate

their snowmobiles in 1991, while 3.1% purchasedmorethan 300 gallons. The

reportedfuelpurchasedidnotincludegasolineusedfor tow vehicles. The average

snowmobile fuel use per household was estimatedat 65.8 gallons in 1991, and

there were 1.9 snowmobilesper household. The total amountof fuel used by

snowmobiles in North Dakota for off-roadrecreationalpurposesis estimatedas:

Number of registered snowmobiles x annualfuel used per vehicle

ffi 8,820 x (65.8+ 1.9) = 305,172 gallons.

NorthDakota'sestimatesof totalsnowmobile fuel use are substantiallylower than

estimatesbased on ISIA's surveyresults or ORNL's estimates.

Oregon

Oregon'sDeparunentof Transportationcommissioneda snowmobile survey

in the spring of 1990 to estimatesnowmobile gasoline consumption. From the

MotorVehicle Division'ssnowmobileregistrationfile of 18,037 licenses, a sample
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of 677 snowmobile license numberswere randomlyselected. Of these, 513

completedquestionnaireswere obtained,resultingin a responserateof 76%.

Ninety-five percentof the sampledsnowmobileswere primarilyused for

recreationalpurposes. For each respondent,the annualfuel consumptionwas

derived as the productof the numberof days in a year that the snowmobilewas

used for recreationalpurposesand the amountof fuel used on a typical day of

recreational use. The average annual fuel used for recreationalpurposes per

sampled snowmobile was 113.9 gallons with a standarderrorof 3.32. The total

amountof fuel usedby snowmobileslicensedin Oregonwas estimatedby the state

to be 18,037 x 113.9 = 2,054,414 gallons, with a 95% confidence interval of

1,933,680 to 2,175,148. The averagedifferencebetweenthe estimatedannual fuel

usereporteddirectlyby the survey respondentsand the derivedannual fuel use is

-3.6 gallons (:i: a standarderror of 9), indicating that the difference is not

significantlydifferentfrom zero. In this calculation,the State failedto eliminate

5% of the State's snowmobiles that were not used primarily for recreational

purposes. The major factor contributingto the difference between Oregon's

estimatesandORNL'sestimates is the discrepancyin the numberof snowmobiles

registered in Oregon. Oregon's responseto the 1990 ISIA'sannual snowmobile

surveyindicatedthattherewere9,675 snowmobilesregisteredin Oregon while the

snowmobilefuel consumptionestimatesarebased on a snowmobileregistrationof

18,037 - a differencedifficult to explain.

ii i

2 Bodenroeder,P., Berg,H., andMcCracken,M. "AsmualGasolineConsumptionof
SnowmobilesLicensedinOregon1989-1990,"OregonStateUniversity.Prepared
fortheOregonDepartmentof Transportation,July | 990.



Fuel Used for Off-Highway Recreation ....................................................... - 73 -

Washington

Since 1971, the WashingtonState Departmentof Licensingand the Parks
i

and Recreation Commission have conducted numeroussnowmobile studies to

determinesnowmobileuse, snowmobilefacility needs, and the amountof fuel tax

to be refundedto the snowmobileprogram. The 1987-1988 study surveyed all

18,200 snowmobile usersregistered in the 1987-1988 season. A total of 4,651

usable survey forms were received, resultingin a responserate of 25.5 %. The

averagenumberof days thatone wentsnowmobilingwas 15.4 days in a winter*.

The surveyestimatedthateach snowmobileconsumed72.4 gallons in 1988. This

estimate is slightly higher thanthatof ISIA's estimatebut is in close proximity.

Table 30 provides a comparisonof states' snowmobilefuel use estimates.

Table 30. Comparison of States' Snowmobile Fuel Use Estimates
(Based on four Statesurveys and the ISIA survey)

II IIIIIIII IIIIIII I III I III ' I IIlll [ IIIIIII II

Source AverageFuel Use per
Snowmobile

im i _ i IH ii Hi i HI

ISIA 63

California 35

NorthDakota 35

Oregon 114

Minnesota 41

Washington 72

"1988SnowmobileStudy,"WashingtonStateParksandRecreationCommission,
Olympia,Washington.
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$. CONCLUDING REMARKS

The 1991 ISTEA established a National Recreational Trails Funding

Program and the National Recreational Trails Trust Fund to redirect tax revenues

generated from the sales of motor fuel used for off-highway recreational purposes

to recreational trail and facility improvements. The major challenge in

accomplishing this goal is to determine how the amounts transfered to the Trails

Trust Fund can be apportioned equitably to individual states. Technically, each

state should receive an amount that equals the tax revenues generated by the sales

of motor vehicle fuel sold in that state for off-highway recreational purposes.

Unfortunately, this type of information is unavailable. As a result, the FHWA was

charged with the development of estimates of the fuel used in each state for off-

highway recreationalpurposes. These estimates will then be used to apportion the

Trails Trust Fund to individual states. This technical memorandum documents the

estimation procedures.

Two options are available to develop the state distribution to "share" the

total tax revenue generated from the sales of motor vehicle fuel used for off-

highway recreation. The first one is to rely on the individual states to submit their

annual estimates of off-highway recreationalfuel use. The advantage of this option

is that individual states could devote more resources to this activity, and can

receive more cooperation in obtaining the data, than FHWA could. As a result,

individual states might be able to produce more reliable estimates than FHWA

could. However, this option has three potential drawbacks. First, individual states

have a great incentive to over-estimate their off-highway recreational fuel use.

Second, the compatibility among methods that the states use to estimate off-

highway recreationalfuel use becomes an enormous issue in trying to apportion the

Trust Fund equitably. Third, not every state submits the required estimate. In the
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1992-1993period, only twenty-three states did, and some of the estimates are for

1987 while others are for 1989 or 1990 (Table 7). Consequently, an estimation

procedure would need to be developed for the remaining 22 states that failed to

submit data, adding further complexity to the compatibility issue.

To overcome the disadvantagesof the first option, a second option is to

"standardize" the estimation procedure and develop a common tool which can

objectively apportion the National Recreational Trails Trust Funds on an annual

basis. Two features of this option are that: (1) individual state shares of the total

Trust Funds are developed using a uniform approach, and (2) data needed for the

estimationpurposeare publiclyavailableandeasily obtainable so that estimates for

all subsequentyearscan be easily generated. It is these two factors that govern the

development of ORNL's estimation procedure discussed in this report. It is also

due to these two factors that ORNL's estimates are used instead of individual

states' estimates.

Vehicles includedin this study are: light trucks, motorcycles, ATVs, and

snowmobiles. "Lighttrucks" include pickups, vans, minivans, and utility vehicles

with a maximum gross vehicle weight less than or equal to 10,000 pounds. The

estimated total number of light trucks used for off-highway recreation is defined

as the total number of "full light truck equivalents. _ That is, if 30% of the total

annual miles driven by a light truck is for off-highway recreation, then this light

truck is counted as 0.30 of a full vehicle equivalent.

The major data source in estimatingthe light trucks' total fuel used for off-

highway recreation is the Truck Inventory and Use Survey (TIUS). Although

TIUS did not explicitly collect data on the percentage of the annual mileage that

a vehicle w_s usedoff-the-road for recreationalpurposes, it did ask the respondents
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to report the averagepercentage of the annualmiles that the vehicle was operated

off-the-road, and the percentage of the miles used for personal use. The product

of these two percentages is taken to be a proxy for the probability that a truck will

be used off-the-road for recreation. The state-specific probabilities are generated

from the T1USdata and are used, in conjunction with the truck registration dat#,

to estimatedthe numberof _fulllight truck equivalents"used in each state for off-

highway recreation. The percent of annual miles traveled off-the-road for

recreation is estimated by the weighted average product of the percentage of the

miles that a truck was used off-the-roadand the percentage of the miles that it was

used for personal purposes, taking into account the annual miles driven by this

truck. The state-specifictotal numberof miles traveled off-the-road for recreation

is then convertedto the amountof fuel consumedby using the average _ fuel

economy of 2-axle 4-tire truckss discounted by 0.9 for the difference between the

on-road and the off-road fuel economies.

In the cases of motorcycles,ATVs and snowmobiles, data are comiderably

sparser than that of light trucks. Estimates of motorcycle and ATV fuel used for

off-highwayrecreationare largely based on vehicle population estimates compiled

annually by the Motorcycle Industry Council (MIC) and vehicle usage data

collected in two state surveys (California and Oregon.) Although the MIC has

conductedperiodic surveysof motorcycle and ATV annual usage, the information

is, unfortunately, comidered proprietary and only limited access is allowed.

Due tc lack of more detaileddata, it is assumed that whenevermotorcycles

are used off-the-road, they are done so for recreational purposes. A recent MIC

4 Compiledby the R. L. Polk and Company.
s Reported in the Table VM-1 of the H_hway ,qtati._tir.,.
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survey on ATVs provides an estimate of the percentage of ATV off-road riding for

utility purposes, which allows better estimates of the numberof ATVs used off-the-

road for recreation.

Unlike light trucks, there is no survey of motorcycles and ATVs that

provides consistent estimates of annual fuel use by state. In addition to the MIC's

periodic surveys, there are six state surveys conducted to estimate the number of

motorcycles and ATVs used off-rt_ad, and the corresponding fuel consumption.

The six states are: Arizona, Califorma, Colorado, Oregon, Utah and Washington.

Several options are considered to estimate annual fuel use. Since every survey has

its strengths and limitations, we synthesize all available estimates. After a detailed

evaluation of MIC survey and individual state surveys, a set of weighting factors

is subjectively determined. A higher subjective weight is given to a usage estimate

from an approach that is more reliable for the purpose of our study. Based on the

weighted averages of annual fuel use, three sets of fuel usage estimates are

calculated for motorcycles and ATVs, respectively. One set is based on the low

fuel use estimate, one on the high fuel use estimate and the third one on the

average of the low and high estimates.

!

The International Snowmobile Industry Association (ISIA) has been

conducting its annual registration survey since 1981. Thirty-one states participated

in the survey. In this estimation procedure, all snowmobiles are assumed to be

used exclusively off-the-road and the percentage of time that a snowmobile is used

for recreational purposes is arbitrarily set at 0.5 for all states. Until state-specific

information on the percentage of time that a snowmobile is used for non-

recreational purposes becomes available, setting this value to 0.5 is inconsequential

since the objective of this estimation procedure is to develop state shares so that the

Trails Trust Fund can be equitably apportioned among states.
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Based on the ISIA's survey data, the estimated annual fuel use per

snowmobile is 63 gallons. To accountfor the difference in snowmobile usage

amongstates, data on the averageannual amountof snowfall areused to derived

a set of adjustmentfactors-- 0 being a negligible amountof snowfall and 5 being

the heaviestamountof snowfall. However,it is recognized that snowmobile usage

is more a functionof the amountof snow accumulatedon the groundthanof the

amountof snowfall. Underthecircumstancewheredataon snow accumulationare

lacking, the amountof averageannual snow fall is used as a proxy.

Table 31 presents the estimated state sharesof total fuel used for off-

highway recreationalpurposes. Estimatesof motorcycleand ATV fuel used off-

roadforrecreationarebasedon the averageof the low and high fuel use estimates.



Table 31. Estimated Fuel Used for Off-Highway Recreation by State, 1992

(Gallons)
0

n s_a;e Light Trajo_k_ [ Moto_.cle I ] ATV2 [ Sn°wnu_ile I Total State Share ;

Colorado 35,747,660 1,882,100 902,527 430,908 38,963,195 2.7 o_
O

Connecticut 13,287,790 1,067,900 556,679 59,904 14,972,273 1.0

Delaware 1,926,005 195,156 200,874 2,703 2,324,738 0. 2 _.

D.C. 384,639 14,246 0 0 398,885 0.0

Florida 63,415,330 4,160,480 2,514,742 0 70,090,552 4.8

   i iNiiiiiiiiiiiiiiiii®iiii NiNiii iiiiiiiiiiiii ii Niiii! iii!Ni iiNi#i i ii  iiiiiiiiiiiiiii ii  iiii i i i   iiiii Niii iii         :iii  iii i iiNi .i iiN
   iiii !i ?! i iii!:.i i!!iii ii !ii{ii  !i  iiiN iii!ii   ii  iiiii!iiii Niiii }i!!! iiiiii iiiiiiiiiii! ii!i  ii ii  i!!i!iiiiiiii i1iii iiiii iii!Nii!
; 1! iiiiii ! i iii !®ii)iii!! NNNii i !ii  iiiii i iiii!iiiii  iiii!!iNN ii  iiii iii i iNi iiiii ii}ii i! iNiiii!iiiii iiiiiii   iiii i  !iiii iiii i! iiii !  iiii! i ii i !iNiiii

Iowa 10,331,750 955,800 922,239 450,048 12,659,837 0.9

Kansas 17,297,930 725,700 640,938 0 18,664,568 1.3

Kentucky 23,676,820 1,138,700 1,635,994 0 26,451,514 1.8

Louisiana 31,259,590 991,200 2,484,427 0 34,735,217 2.4

Maine 9,416,821 560,500 832,792 1,949,829 12,759,942 0.9

 ii  iii  i ii    i  !ii ii!i i  iiii!iiii! ! i ii !i!iiiiiii!iiiii  iiiiii! iii i  !i!i !ii i  iii®iiii    i  ! iiiii    iii®i i!ii i@!ii

 i iii! ii i  i ii!  iN ! iiiii i!iiiiiiiiiiii i}iii!iii ii  ! iii?iii iiii   i  ii!i ii ii!!i!!i iiNNi!®iii !iiii ii i iiN ii  i:N i
Missouri 33,165,950 1,315,700 2,193,434 0 36,675,084 2.5 !

Moo_r_ 12_816,880 826_000 667_450 347_136 14_657_466 1.0
I



!

OO
o
!

Nebraska 9,330,951 489,700 765,565 19,077 10,605,293 0. 7%

Nevada 7,933,052 790,348 503,575 0 9,226,975 0.6%

New Hangrshire 7,635,064 672,600 632,387 734,630 9,674,681 0. 770

Ohio 28,777,470 3,ff79,800 2,699,063 236,867 34,793,2011 2.470

01__ 35,621,720 1,53_,_ 1,145,196 0 38,306,816 2.670

Oregon 17,417,560 1,842,141 1,646,736 309,596 21,216,033 1.5%

Pennsylvania 42,419,390 3,669,800 4,359,909 975,836 51,424,935 3.5 70

Rhode Island 3,919,044 295,000 84,615 5,422 4,304,081 0.3%

   i  ii  i iiiii ii iii i  i i I
N!iiii! iii!iNiiNiiii:.iiiiiiiiliiiiiiN i iii!i!!i iiiiii l!ili i ii ilrNiii ii ii  N iiiiii®iiii!iiiiii!iii lii®?:Ni =

Vermont 4,011,685 241,900 356,274 968,141 5,578,000 0.470
Virginia 31,831,730 2,135,800 1,483,808 0 35,451,338 2.470 O
Washington 23,274,490 2,991,300 1,448,240 627,118 28,341,148 2.070

West Virginia 21,492,660 985,300 1,874,895 0 24,352,855 1.770 _I_

Wisonsin 18,604,520 1,593,000 1,734,094 3,595,669 25,527,283 1.8 70 _"

TOTAL 1_254_126_323 91_068_772 82_626,914 24,596,602 1_452_418,611 100.070 _o

I Estimatesarebasedon an annualfueluse of 59 gallonsper motorcycle.

2 Estimatesare basedon an annualfuel use of 55.5 gallonsper ATV. _"
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APPENDIX A

COMPUTER PROGRAM ESTIMATING

OFF-HIGHWAY RECREATIONAL FUEL USE

The mainobjective of this programis to estimatethe numberof vehicles

used foroff-the-roadrecreationalpurposesandthe correspondingfuel use. Three

categoriesof vehicles are included in this program: light trucks,motorcyclesand

all terrainvehicles (ATVs), and snowmobiles. This programallows the user to

update/editthe datainputfiles, executeseparate estimationmodels -- one for each

type of vehicle, and display the outputfiles. A simple menu-driveninterface is

provided in this programto accomplish these tasks. Currently,this programis

namedGO. All of the inputand outputfiles listed below are manipulatedby this

program.

For each class of vehicles, the future vehicle population is forecasted by

using an exponential smoothing based on past vehicle population data. This

forecasting feature may be turned off by selecting the default menu setting under

which vehicle population is assumed to remain constant. Estimates of fuel

consumption are then computed for the projected vehicle population based on

annual fuel usage estimates and other correction factors. The two basic tasks that

require inputfrom the modeluserare annuallyupdatingthe data, and executing the

model. These two tasksareexplainedin the followingsection for each of the three

differentvehicle classes. This programalso allows the model user to alter model

parameters and assumptions, such as fuel use level, and correction factor for

unregisteredvehicles.
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1. LIGHT TRUCKS

1.I Updating DataSources

The file PICKUPI.DAT containslighttruckstatisticson off-the-roadusage,

by state, basedon the 1987TruckInventoryUse Survey (TIUS). This f'fleshould

updated when the new TIUS data become available. The file PICKUP2.DAT

containsnationaltotalsof the numberof trucks, the averagefuel economy andthe

average fuel consumptionof 2-axle 4-tire trucks,and the annualmiles driven by

2-axle ,_-tiretrucks. This file needsto be updatedannually.

1.2 Executing the Model

The model user may investigate the effect of an exponential smoothing

forecast relative to a "no change" forecast. The model setting menuprovides a

"Yes/No" switch for employing an exponential smoothing forecast. A "Yes"

setting uses the exponentialsmoothing forecastwhile a "No" setting yields a "no

change" forecast.

2. MOTORCYCLES & ATVS

2.1 Updating Data Sources

Two files, MCATV.DAT andATV.DAT, contain population estimatesof

motorcyclesand ATVs. The fileMCATV.DAT has time series data of motorcycles

and ATVs combined, by state, from 1984 to 1991. The file ATV.DAT contains

populationestimatesof only ATVs, by state, for the year 1991. That was the year

when motorcycleand ATV estimateswere reportedseparatelyfor the first time by
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the Motorcycle IndustryCouncil (MIC). The time series dataof the combined

vehicle population of motorcycles and ATVS are used to forecast the future

combined population. However, it is importantto estimatethe ATV population

separatelyfor two reasons. First, fuel use by motorcyclesis different from fuel

use by ATVs. Second, the percentageof the time thatmotorcyclesare used for

recreational purposes is different from that of ATVs. These two fries,

MCATV.DAT andATV.DAT, shouldbe updatedannually.

2.2 Executing the Model

The estimationmodel in thisprogram allows the user to consider more than

one set of vehicle usage estimates at the state level. For example, the sensitivity

of a state's sharesof gasolineconsumptionwith respectto high/low usage estimates

may be easilyevaluatedwith this model. Currently, two different sets of total fuel

use estimatesare includedbasedon reasonablyconservative high/low estimates of

individual vehicle's fuel use. Estimates based on the low fuel use estimates are

denotedas Method 1, and estimates based on the high estimate as Method 2. The

model-settingmenu allows the user to indicatewhich method to use. The program

will allow additional sets of fuel usage estimates to be input and evaluated. As

mentionedin Section 1.2, control of the exponential smoothing option is provided

under the model setting menu.

3. SNOWMOBILE

3.1 Updating Data Sources

The file SNOW1.DAT contains estimatesof snowmobile population, by

state, based on snowmobile registration data provided by the International
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Snowmobile IndustryAssociation (ISIA). This fde should be updatedannually.

The file SNOW2.DAT containsthe estimatedpercentageof unregisteredvehicles

at the state level, annual fuel consumptionper vehicle, and correctionfactors for

theamountof snowfall (scaleof 0-9). The percentageof unregisteredvehicles is

based on the ISIA's annual survey of snowmobile registration. The regional

correctionfactor for the amountof snow fall is a roughattempt at adjustingfor

state variations in snow availability.

3.2 Executing the Model

As with motorcycles and ATVs, control of the exponential smoothing

option is providedunder the model setting menu. Assumptions regardingthe key

factors,suchas the percentageof unregisteredsnowmobiles,annual fuel usage, and

snow fall are contained in the data file SNOW2.DAT. The UPDATE

SNOWMOBILEDATA/EDIT SNOWMOBILEUSAGE DATA menu may be

used to alter these estimates.
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Disk Contents

MAIN PROGRAM

GO EXE 36750

AUXILIARY PROGRAMS CALLED BY GO

ALLN EXE 110424

MCYCLE EXE 58748

PICKUP0 EXE 42468

SNOW0 EXE 39407

LIST COM 8191

DATA INPI._ FILES

ATV DAT 1378 - ATV Population by state

ATVCRT DAT 1406 - ATV Non recreational usage correction factor

GAS DAT 3049- Motorcycle & ATV annual gasoline usage

estimates

MCATV DAT 5536 - Motorcycle & ATV combined population by

state

METHODS DAT 258 - Model default settings

PICKUP1 DAT 3088 - 1987 TIUS off road usage estimates

PICKUP2 DAT 1286 - National annual estimates of Truck population &

fuel usage

SNOW1 DAT 5673 - Snowmobile population by state

SNOW2 DAT 2710 - Snowmobile gasoline usage estimates
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MOTOR OUT 4228- Motorcycle population & gasoline usage

estimates

PICKUP OUT 2613 - Off road truck population & gasoline usage

estimates

SNOW OUT 2575- Snowmobile population & gasoline usage

estimates

TOTALGAL OUT 4921 - Total gallons summary

TOTALNUM OUT 4187 - Total numberof vehicles summary

SOURCE CODE FILES

GO BLD

MCYCLE BLD

PICKUP0 BLD

SNOW0 BLD

ALLN FOR
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