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1. Executive Summary

This report presents the results of the data collected by ICF International under the
California State Parks Off-Highway Vehicle Fuel Tax Transfer project. The purpose of this
project is to provide data to assist the Department of Transportation and the Off-Highway Motor
Vehicle Recreation Division in making estimates of the amount of fuel' used for off-highway
vehicle (OHV) recreation on public lands in California. The purpose for such estimates is to
facilitate decisions regarding transfers of fuel tax funds to the Off-Highway Vehicle Trust Fund.
The secondary purpose is to provide estimates of geographic and types of recreational use. The

methodology employed entailed two types of surveys:

¢ Random digit dial telephone surveys of over 15,000 California households during
the period July to December 2003 to estimate the percentage of households that
own an OHV, the percent of households that engage in off-highway vehicle

recreation, and to determine the population of non-registered off-highway vehicles

o Written diaries by over 15,000 California vehicle owners during the period April
2004 to March 2005 to determine the amount of recreational fuel use for off-

highway recreation in California on public lands

The results of both surveys were extrapolated to the entire population of California on-
and off-highway vehicles. Table 1-1 illustrates preliminary results of gallons of gasoline used off-
highway by California vehicles as determined by the ICF International surveys compared to the

existing tax transfer model developed from a 1990 survey done by Tyler and Associates?.

Using the current California gasoline tax rate of $0.18 per gallon, estimated tax revenues
that would be transferred to State Parks are shown in Table 1-2. As seen in Table 1-2, there is
a major decline in estimated fuel tax revenue based upon the new survey data obtained by this
project. The difference is due to several factors. The largest factor results from the estimation
of non-registered off-highway vehicles. In the existing tax transfer model, the number of
registered green or red sticker vehicles is multiplied by a correction factor to determine the

number of non-registered vehicles, based upon the survey completed in 1990.

' "Motor vehicle fuel" as defined in the California Revenue and Taxation Code Section 7326 means gasoline and
aviation gasoline. It does not include jet fuel, diesel fuel, kerosene, liquefied petroleum gas, natural gas in liquid or
gaseous form, alcohol, or racing fuel.

2 Tyler and Associates, “A Study to Determine Fuel Tax Attributable to Off-Highway and Street Licensed Vehicles
Used for Recreation Off-Highway,” November 1990.
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Executive Summary

Table 1-1. Estimated Gallons of Gasoline Used for Off-Highway Recreation on

Public Lands in California from April 2004 to March 2005

ICF Survey
Vehicle Type Lower Upper Existing Model
Mean
Bound Bound

Street Licensed Vehicles 124,747,354 99,641,983 149,852,724 79,741,098
Green or Red Sticker 20,014,590 17,081,031 22,048,148 34,439,819
Vehicles

Non-Registered Vehicles? 6,207,327 4,196,151 8,218,502 201,808,816
Total Gallons® 150,969,270 125,613,201 176,325,339 315,989,733

@ Non-registered refers to off-highway vehicles that are not currently registered with a green or red sticker but could
be used for recreational driving

® The totals given for the lower and upper bounds for all three vehicle types do not equal the total gallons given at
the bottom of the table. This is because it is statistically much more likely that if one value is either very low or
very high, then the other two values will not be as extreme.

Table 1-2. Estimated Fuel Tax Revenues for Off-Highway Recreation

ICF Survey o a
Existing Model
Mean Lower Bound Upper Bound
$27,174,469 $22,610,376 $31,738,561 $56,878,152

@ The actual tax revenue transferred was $56,775,626 due to a correction in December 2004

related to a November 2004 over-transfer.

As shown in Table 1-3, for every one registered off-highway motorcycle the existing

model estimates there are 5.9 non-registered off-highway motorcycles.

While this may have

been the case in 1990, the present day ICF International survey shows there are currently only

0.62 non-registered off-highway motorcycles for every one registered off-highway motorcycle.

Table 1-3. Non-Registered to Registered Ratios

Vehicle Type Tyler Survey ICF Survey
Motorcycles 5.90 0.62
ATVs 2.50 0.51

4 Wheel Vehicles® 7.60 2.77
Snowmobiles 7.00 0.45
Other® 0.066 0.013

# 4 Wheel vehicles include dune buggies, sand and desert rails, unlicensed street
vehicles, motorized golf carts and other 4 wheeled vehicles. In the 1990 Study,
unlicensed street vehicles were in the “Other” category.

® The ratio for Other is taken as the number of non-registered non-street licensed
other divided by the total number of all registered non-street licensed vehicles.
In the 1990 Study, Tyler & Associates chose what they considered a
conservative number of 19 non-registered non-street licensed others to every
one registered non-street licensed because the study did not produce data on
any registered Others.

The significant differences in non-registered to registered ratios shown in Table 1-3

account for most of the difference in estimated gallons of fuel used by non-registered off-

ICF International
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Executive Summary

highway vehicles as illustrated in Table 1-1. The existing model does not accurately account for
non-registered vehicles becoming registered between the time of the 1990 Study and the
present. Since 1990, significant enforcement at State Vehicular Recreation Areas (SVRASs),
county parks, as well as US Forest Service and Bureau of Land Management lands has
resulted in an increase in vehicle registration, forcing many non-registered vehicle owners to
register their vehicles. When this occurs in a model with fixed non-registered to registered
vehicle ratios, instead of subtracting a motorcycle from the non-registered vehicle counts and
adding one to the registered vehicle counts, one motorcycle gets added to the registered counts
and then the existing model estimates that another 5.9 non-registered motorcycles erroneously
appear. This inflates the non-registered counts when they should be decreasing. In order to
avoid this problem, surveys need to be done every few years to provide new non-registered to

registered OHV ratios.

Three other factors create some differences in the estimated gallons used and the
estimation of related fuel taxes: (1) poor classification of vehicle types in the existing DMV
model used as input to the existing fuel tax transfer model, (2) the estimation of fuel used by
non-registered vehicles, and (3) the purpose for which 4WD trucks and SUVs are purchased, a

dramatic change since 1990.

(1) The existing DMV program which was written to provide inputs to the existing fuel
tax model does not provide accurate vehicle counts due to poor classifications of vehicle types
as shown in Table 1-4. This discrepancy is because the existing DMV program, which
determines whether a vehicle is a 2WD or a 4WD vehicle, is vastly out of date. In addition,
DMV did not purchase a motorcycle VIN decoder® to interpret whether an off-highway vehicle is
a motorcycle or an ATV until 2003. As shown in Table 1-4, the actual counts of 4WD street
licensed vehicles and the counts of off-highway motorcycles and ATVs are drastically different
from what DMV is providing for the existing fuel tax transfer model. The misclassification of off-
highway motorcycles and ATVs by the existing model also dramatically increases the estimation
of non-registered vehicles because the existing model estimates there are 5.9 non-registered
motorcycles for every one registered while it only estimates there are 2.5 non-registered ATVs
for every one registered ATV. This misclassification results in an estimation of an additional 1.2

million non-registered vehicles that do not exist because most ATVs have been classified as

® A VIN decoder interprets the vehicle identification number (VIN) to provide various vehicle information including
make, model, body type and model year. Without this, vehicle type determination has been left to the vehicle
owner or DMV clerk when registering the vehicle.
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Executive Summary

motorcycles by the existing DMV program. The misclassification by the existing DMV program
of 2WD and 4WD street licensed vehicles also affects fuel use. Generally 4WD vehicles are
used more off-highway than 2WD vehicles and therefore have higher off-highway fuel use per
month than 2WD vehicles. While correctly classifying 4WD vehicles as 4WD vehicles increases
gallons of fuel used and, therefore, tax revenues, it does not make up for the drastic loss in
estimated tax revenues caused by the over-estimation of non-registered vehicles.

Table 1-4. Comparison of Vehicle Counts between Existing Tax
Transfer Model and Actual DMV Data®

Vehicle Type Model Inputs | Actual DMV
Cars 14,887,946 14,221,617
2WD Vehicles 9,320,229 7,817,512
4WD Vehicles 649,985 3,205,250
Street Licensed Motorcycles 537,329 559,377
Street Licensed Other 442,280 277,540
Off-Highway Motorcycles 656,816 335,169
ATVs 57,448 335,897
4 Wheel Vehicles 18,478 19,329
Snowmobiles 18,894 18,502
Off-Highway Other 2,435 2,168

@ DMV Vehicle counts and model inputs for October 2004.

(2) In addition, the existing tax transfer model assumes that non-registered OHVs use
as much fuel per month per vehicle type as registered OHVs. In the current ICF International
survey, annual fuel usage per vehicle of a non-registered OHV is estimated to be 62% less than
that of a registered OHV.

(3) Finally, street licensed 4WD vehicles purchased today are used differently than in
1990. In 1990, when a 4WD vehicle was purchased, the 1990 Study found that approximately
36% were used for off-road driving, while the ICF International Study found that only 11% of

4WD vehicles are used for off-highway recreation today.

All these factors together result in a decline in the estimate of fuel used for off-highway

recreation on public lands in California.
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2. Introduction

Taxes are imposed by the State on motor vehicle fuel sold in California. In accordance
with the California Revenue and Taxation Code®, the gasoline taxes collected that are
attributable to motor vehicles being used for off-highway recreation are transferred to the Off-
Highway Vehicle Trust Fund (OHVTF) on a monthly basis. Those tax revenues are only
associated with the off-highway operation of registered and non-registered® off-highway vehicles
(OHVs), the off-highway operation of street licensed motor vehicles (SLVs) for recreation, and
the off-highway operation of street-licensed motor vehicles while being used to gain access to
any form of recreation, whether or not that form of recreation involves the use of a motor
vehicle. This project is only concerned with the afore-mentioned operation of motor vehicles
while they are being used off-highway on public lands in California. This project does not
address use of motor vehicles in sanctioned competition events on public lands unless the

vehicles are required to be DMV-registered to compete.

The primary objective of this project is to provide estimates of the amount of fuel used
for off-highway vehicle (OHV) recreation on public lands in California to assist decision makers.
A second task is to develop a dynamic Model for the California Department of Transportation
(Caltrans) to use in determining the monthly transfer of fuel tax funds that are estimated to be
attributable to the taxes imposed on the distribution of gasoline used in the off-highway
operation of vehicles on public land for recreation. A third objective is to document the
geographic destinations of the vehicle operators and their associated recreational activities once

they get there.

The data used to estimate recreational fuel use was gathered through two surveys of
California households. The first was a random-digit dial telephone survey of California
households of the vehicles they owned and the types of off-highway recreation they participated
in during the prior year. Further details of this survey can be found in Section 4. The second
survey encompassed fuel use log books in which participants recorded fuel use, recreational
activity and the recreational area in which they recreated off-highway on public lands using their

vehicle. Further details on this survey can be found in Section 5. The results of both surveys

* California Revenue and Taxation Code sections 8101(a), 8352.6, 8352.7, and 8352.8.

> A non-registered OHV is defined as a vehicle required to be registered as an off-highway vehicle pursuant to
Section 38010 of the California Vehicle Code, but which is not so registered. Note that there are numerous
exemptions to the registration requirement (e.g. implements of husbandry (Vehicle Code Section 38010(b)(2)).
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Introduction

are discussed in Section 6. Lessons learned and recommendations are discussed in Section 7.

The new Fuel Tax Transfer Model will be documented under a separate cover.

2.1. Definitions and Background Information

The following definitions will be used throughout this document:

Off-Road: The general public and many publications often use the term “off-road” to
describe motorized recreational activities occurring off paved highways. For this project, off-

road and off-highway are used interchangeably.

Off-Highway Recreation: California Vehicle Code (CVC) §38001 defines off-highway

recreation, summarized as follows: Off-highway recreation applies to any motor vehicle being

operated on lands, roads, or trails that are open and accessible to the general public and may
include fire trails, logging roads, service roads (regardless of their surface composition), or other
roughly graded roads and trails upon which vehicular travel by the public is permitted. Street-
licensed vehicles that are being driven off-highway for recreational driving and/or to access ‘end’
recreational activities such as hunting, camping, fishing, hiking, boating, and mountain biking
can use these same ‘surfaces’. This project is not concerned with the off-highway use of

vehicles not involving recreation.

Off-Highway vs. On-Highway: There is potential for confusion in the public’s mind

regarding the definition of a “highway” (or what is “on-highway” vs. “off-highway”). Since the
term highway can denote specific roads in California (e.g. “Highway 395”), taken literally, some
people may not consider a city street or a freeway as a highway. Many county roads are not
paved yet they are legal highways. Several US Forest Service roads are paved yet they are not
legal highways. Recognizing this potential for confusion, for the purposes of this project, off-
highway routes are unpaved, gravel or dirt roads, trails, and open areas without roads or trails,
or on snow covered areas. Off-highway starts where the pavement ends. All snowmobile use

is considered off-highway for this study.

The Off-Highway Vehicle Trust Fund: The OHVTF is administered by the Off-Highway
Motor Vehicle Recreation (OHMVR) Division of the Department of Parks and Recreation (DPR)

and is devoted to used for the acquisition, development, and maintenance of off-highway

recreation facilities and opportunities as well as the protection of natural and cultural resources

associated with off-highway recreation. Fuel taxes currently represent the primary source of
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Introduction

income to the OHVTF. Fuel taxes represented approximately 84% of OHVTF income in Fiscal
Year 2004/2005.

Data Estimates: Since data regarding monthly off-highway recreation usage patterns

and the number of non-registered OHVs is not readily available, it has been necessary for the
State to estimate those numbers through independent sources. The most recent source has
been a 1990 Study entitled “A Study to Determine the Fuel Tax Attributable to Off-Highway and
Street Licensed Vehicles Used for Recreation Off-Highway” (hereafter referenced as “1990
Study”). The 1990 Study included a telephone survey to determine the incidence of vehicle
ownership statewide and a panel survey of vehicle owners who were recruited to record actual
gasoline usage as it occurred.’®. The 1990 Study and existing fuel tax transfer model are

discussed in Section 3.

Non-Registered OHVs: State law requires OHVs used on public lands to be either street

licensed or registered with DMV. Based upon the existing Fuel Tax Transfer Model, in October
2004, 64% of fuel tax income to the OHVTF was generated from non-registered OHVs (see
Section 3). Significant efforts were made in the late1990s to enforce registration at State
Vehicular Recreation Areas (SVRAs). Non-registered OHVs include all vehicles that can be
used for recreational driving and have either never been registered or their registration has

lapsed.”

Gasoline Sales and Use: For the purposes of this project, all gasoline purchases must

occur in California, by residents of California, and the gasoline usage must occur on public land
in California. While State law does not actually specify that off-highway recreation gasoline
usage must occur in California, it does not permit the transfer of gasoline tax revenues derived

from out-of-state visitors purchasing gasoline in California.

DMV Registration Data: Since the existing Fuel Tax Transfer Model utilizes monthly

Department of Motor Vehicle (DMV) registration data, the following status of DMV’s data shall

be noted:

e OHVs may be: 1) registered with a Green Sticker or a Red Sticker, 2) issued a

transportation on highway permit only, 3) issued title only, 4) currently registered in

®  Since the time of the 1990 Study, California’s population increased 14%, off-highway vehicle registrations

increased 60%, and street-licensed four-wheel drive vehicle registrations increased 1,342%.
" For purposes of this study, vehicles with a non-operational permit are considered registered.
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Introduction

another state, 5) registered in California to a person from another state, or 6) legally
non-registered if they are being used exclusively on private property, for farming,

etc.

o DMV decoding software for street-licensed vehicles used to determine drive train
has not been updated since 1990. DMV uses this software to determine the
number of registered four-wheel drive (4WD) street-licensed vehicles. DMV
reported 649,985 4WDs in 2004 whereas ICF International’s subcontractor Robert
Cenzer Consulting conservatively identified 3,205,250 registered 4WDs for 2004.

o OHV classifications recorded in DMV’s database are somewhat suspect since the
OHYV classifications reported are subject to the interpretation of the licensing agent
(dealer), the vehicle’s owner, or the DMV Technician involved with the transaction.
DMV reported 656,816 off-highway motorcycles and 57,448 off-highway ATVs,
whereas the ICF International found 338,169 off-highway motorcycles and 335,897
off-highway ATVs in 2004. The Motorcycle Industry Council estimated that there
were 330,600 off-highway motorcycles in 2003 and that ATV sales during the last

10 years would confirm an equal number of ATVs for that year.?

o Non-renewal data is available to a limited extent for OHVs that were registered, but
failed to renew their registration. After 5 years this data is usually purged from the

database.

‘Red Stickers” (Seasonal Restrictions for Some OHVs): In December, 1998, the
California Air Resources Board (CARB) implemented new regulations restricting the use of
wheeled OHVs (specifically ATVs and dirt bikes) that did not meet CARB’s new OHV exhaust

emission standards. OHVs that were not in compliance were to be issued a Red Sticker

(instead of a Green Sticker) and their use restricted to specific days of the year and specific
areas of the State depending on the overall CARB air quality attainment for that geographic
area. There is no seasonal or regional restriction if an OHV is being operated in a sanctioned
competition event. The delay between the 1998 regulation implementation and the 2003
program implementation was due to computer re-programming issues at DMV and the resulting
misidentifying of compliant and non-compliant OHVs. DMV began issuing Red Stickers in 2003

to OHVs built in 2003 and later and more OHV law enforcement agencies began enforcing the

8 Conversation with Tom Yager of the Motorcycle Industry Council, December 5, 2004.
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regulation. Those OHVs built before 2003 were grandfathered into the Green Sticker program
regardless of emissions. Therefore, the reduced use of vehicles with Red Stickers could not be

studied during this project.

Closed Course Competition Events: Most closed course competition occurs on private

land, although there are a modest number of closed courses on public lands (e.g. Hollister Hills
SVRA and Porterville OHV Park). Although not “legally” required, promoters of closed course
events on public lands may require the competition vehicles to have a valid/current DMV
registration plate/sticker. Many competition events are conducted on public lands but they are
not always considered a closed course as defined in CVC Section 38014°. The OHVTF is not

entitled to gasoline tax revenue from vehicles that are legally not required to be registered.

Motor Vehicle Fuel: "Motor vehicle fuel" as defined in the California Revenue and

Taxation Code Section 7326 means gasoline and aviation gasoline. It does not include jet fuel,
diesel fuel, kerosene, liquefied petroleum gas, natural gas in liquid or gaseous form, alcohol, or

racing fuel.

® CVC 38014: As used in this division, “closed course” includes, but is not limited to, a speedway, racetrack, or a
prescribed and defined route of travel on or off a highway that is closed to all motor vehicles other than those of
participants. A closed course is one which is not available at any time for vehicular access by the general public.
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3. 1990 Survey and Existing Fuel Tax Transfer
Model

The existing Fuel Tax Transfer Model, which calculates the amount of fuel tax funds from
the Motor Vehicle Fuel Account (MVFA) that should be transferred on a monthly basis to the
Off-Highway Vehicle Fund (OHVF), is derived from two surveys carried out by Tyler and
Associates in the 1989 to 1990 timeframe.’® The first survey was a random probability
telephone survey of 12,156 California telephone-owning households. The second was a survey
of approximately 2,800 vehicle owners on their fuel usage when recreating off-highway in
California. The details of these two surveys and their results are described in the following

subsections as well as details on the Existing Fuel Tax Transfer Model.

3.1. Statewide Probability Sample Study

Tyler and Associates used Bartels Research to interview 12,156 California telephone-
owning households during February through May 1989. Bartels used a telephone number
sample produced by Survey Sampling Inc. It included both households with listed numbers and
those with unlisted numbers in the proper proportions. Interviews were conducted in 53 of 58
California counties in proportion to each county’s contribution to the State’s total population.
Five counties (Alpine, Mono, Modoc, Sierra, and Trinity) were not interviewed because they
represented no more than one-tenth of one-percent of the State’s total population. However, as
shown in Table 3-1, those five counties represent some of the highest OHV counts per
household in the State and could have higher off-highway use than counties with lower OHV

counts per household.

The interview questionnaire included information on the vehicles owned by the
household and whether they participated in off-road recreational driving in California. This
information was used to provide data that could be projected to the entire California population
on:

e The proportion of vehicles used for off-highway recreational driving
e The proportion of various types of vehicles owned and used for recreation

e The ratio between registered and non-registered off-highway vehicles required to

be registered, both overall and by vehicle type

10 Tyler and Associates, “A Study to Determine Fuel Tax Attributable to Off-Highway and Street Licensed Vehicles
Used for Recreation Off-Highway,” November 1990.
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Table 3-1. Non-Street Licensed Off Highway Vehicles per Household

County Households® OHVs" OHVs/HH®
Alameda 530,115 13,837 0.026
Alpine 495 187 0.378
Amador 13,154 2,564 0.195
Butte 81,379 9,283 0.114
Calaveras 17,163 2,981 0.174
Colusa 6,169 1,349 0.219
Contra Costa 351,134 16,207 0.046
Del Norte 9,265 599 0.065
El Dorado 61,104 10,695 0.175
Fresno 258,332 15,215 0.059
Glenn 9,275 2,111 0.228
Humboldt 51,844 6,014 0.116
Imperial 40,496 6,065 0.150
Inyo 7,751 1,416 0.183
Kern 214,263 21,004 0.098
Kings 35,178 3,610 0.103
Lake 24,145 2,977 0.123
Lassen 9,775 2,385 0.244
Los Angeles 3,155,195 102,920 0.033
Madera 37,245 4,171 0.112
Marin 101,467 2,336 0.023
Mariposa 6,776 1,082 0.160
Mendocino 33,720 4,770 0.141
Merced 65,974 5,651 0.086
Modoc 3,813 641 0.168
Mono 5,308 1,686 0.318
Monterey 123,932 7172 0.058
Napa 46,512 3,781 0.081
Nevada 38,022 6,360 0.167
Orange 951,827 52,476 0.055
Placer 102,236 14,312 0.140
Plumas 9,208 3,055 0.332
Riverside 531,450 61,271 0.115
Sacramento 468,674 21,144 0.045
San Benito 16,626 3,039 0.183
San Bernardino 539,046 58,237 0.108
San Diego 1,015,541 76,394 0.075
San Francisco 337,530 1,339 0.004
San Joaquin 189,512 13,750 0.073
San Luis Obispo 95,608 9,408 0.098
San Mateo 256,480 7,095 0.028
Santa Barbara 138,406 7,174 0.052
Santa Clara 576,594 19,547 0.034
Santa Cruz 91,965 6,014 0.065
Shasta 64,930 10,955 0.169
Sierra 1,532 424 0.277
Siskiyou 18,765 2,377 0.127
Solano 134,082 8,070 0.060
Sonoma 175,921 12,286 0.070
Stanislaus 150,649 13,811 0.092
Sutter 27,667 3,739 0.135
Tehama 21,384 3,528 0.165
Trinity 5,633 955 0.170
Tulare 113,003 11,166 0.099
Tuolumne 21,318 2,959 0.139
Ventura 251,090 21,876 0.087
Yolo 61,880 3,764 0.061
Yuba 20,768 2,663 0.128
Total 11,728,326 711,897 0.061

October 2004.

Study.

¢ Calculated OHVs per household
4 Bolded counties were not included in the 1990 Statewide Probability Sample

? Number of households, Dept of Finance, 2000 Census
® Non-street licensed registered off-highway vehicles -- Dept of Motor Vehicles,
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Of the 12,156 households interviewed, 10,650 households were identified as owning

vehicles in California and were interviewed in-depth concerning all the vehicles owned by the

household and about those that were used for off-highway recreational driving purposes.

Tables 3-2 and 3-3 show the results of the study. Table 3-4 shows off-highway recreational use

by vehicle type.

Table 3-2. Statewide Probability Sample Off-Highway Driving Results

Households Percent
Completed Household Interview 12,156 100.0%
Households that do not own street licensed vehicle 1,506 12.4%
Households that own street licensed or non-street licensed vehicles 10,650 87.6%
Households that did not drive any vehicles off-highway 8.866 72.9%
Households that drove vehicles off-highway 1,784 14.7%
Households that drove off-highway for recreation in California 1,726 14.2%
Drove on public land only 1,082 8.9%
Drove on private land only 103 0.8%
Drove on both public and private lands 541 4.5%

Note: Questions relating to driving off-highway related to the prior year. All households surveyed that had a
non-street licensed vehicles had a least one street-licensed vehicle.

Table 3-3. Statewide Probability Sample Vehicle Ownership Results

Households Percent
Households that own a street-licensed vehicle 10,650 87.6%
Households that own a non-street licensed vehicle 690 5.7%
Note: The percentages relate to the total 12,156 households surveyed.
Table 3-4. Statewide Probability Sample Results by Vehicle Type
Vehicle Type Households?® Vehicles® E?ger?wgf;‘; Percent®
Street Licensed Vehicles
4WD Pickups, SUVs, Vans 1,877 2,185 789 36.11%
2WD Pickups, SUVs, Vans® 2,913 3,401 473 13.91%
Motorcycles 757 952 21 22.16%
Cars 9,649 15,514 439 2.83%
Other 247 255 50 19.61%
Non-Street Licensed Vehicles
Motorcycles 434 678 510 75.2%
4 Wheel Vehicles' 109 131 85 64.9%
ATVs 220 361 182 50.4%
Snowmobiles 13 17 12 70.6%
Other 19 22 16 72.7%

@ Number of households surveyed that owned by vehicle type
® Total number of vehicles owned by vehicle type

© Number of vehicles used off-highway on public lands in California in the past 12 months
4 Percent of vehicles used off-highway on public lands in California in the past 12 months

¢ Includes street-licensed dune buggies and Baja bugs
"Includes dune buggies and other 4 wheeled vehicles
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In addition to determining the percentage of vehicles engaging in off-highway recreation
during the prior year, the Tyler Statewide Probability Sample was also used to determine the
ratios of non-registered to registered OHVs. This would then be used to determine the amount
of non-registered OHVs in California from the registered populations determined from the DMV
data. For every vehicle identified as non-street licensed in the probability sample, Tyler
attempted to verify whether or not it was registered by checking the owner’'s name and address
against the total listed registered vehicles as provided by DMV in their off-highway vehicle

registration database. The results of that identification process are shown in Table 3-5.

Table 3-5. Non-Registered to Registered Ratios

Total Green Sticker Unable to Correction Factor
Vehicle Type f . a (Unregistered/
Vehicles . Non- Determine ;
Registered X Registered)
Registered
Motorcycles 678 76 445 157 5.9
4 Wheel Vehicles 131 11 84 36 7.6
ATVs 361 71 180 110 25
Snowmobiles 17 1 7 9 7.0
Other 22 0 19 3 19.0°

@ Some respondents did not provide adequate name and address information to verify whether the vehicle was
registered or not. These vehicles were excluded from the correction factor calculation

b Tyler was unable to determine this factor due to lack of data so they provided what they considered a
conservative value.

Tyler goes on to say that the above correction factors are not to be viewed as permanent
or static, but that they have verified that there are substantial numbers of non-registered OHVs
throughout California. This finding led to increased enforcement at State Vehicular Recreation
Areas (SVRAs), county parks, as well as US Forest Service and Bureau of Land Management
lands in order to capture non-registered vehicles operating on public areas where registration is

required.

3.2. The Fuel Usage Study

Tyler surveyed approximately 2,800 households on their fuel use when operating their
vehicle off-highway for recreation within California. The same households were tracked over
the full course of a year in 1989. A total of 8,343 fuel use interviews were completed within the
10 vehicle categories studied during the course of four quarterly waves. Tyler used a randomly
selected list of approximately 16,000 names and address from DMV for the 10 vehicle
categories. In addition, all the known off-highway recreational drivers from the probability
sample who had provided adequate information to allow contacting them were added to the five

categories of street licensed drivers according to a proportional random selection procedure.

ICF International 3-4 Survey Results

September 2006



1990 Survey and Existing Fuel Tax Transfer Model

That procedure assigned owners of specific types of vehicles to a category in the proportion
determined from the prior 12 months off-highway use. Telephone numbers for all vehicle
owners were then determined and they were contacted by telephone to recruit them for
participation in the fuel usage panels. Vehicles owned by businesses and other non-private use
entities were excluded from the study. The initial set of participants were first contacted in April
1989 and asked about their previous three months off-highway recreational fuel usage and that
they would be contacted every three months concerning their off-highway recreational fuel
usage during the prior three months. The same panel of drivers was then also interviewed in
July and November of 1989 and January 1990 regarding their previous three months’ off-
highway recreational fuel usage. At the conclusion of waves 1, 2, and 3, each respondent was
sent a reminder postcard that both alerted him/her that they would be contacted three months
later and a fuel log form for them to record their off-highway fuel consumption in the interim. At
the conclusion of wave 3, State Parks sent each respondent its newly published “Guide to Off-
Highway Vehicle Areas of California”, which had been initially promised to participants during
recruitment as an incentive to participate. Participation in the fuel usage panel is shown in
Table 3-6.

Table 3-6. Fuel Usage Panel — Completed Interviews

Vehicle Type Wave 1 Wave 2 Wave 3 Wave 4 Total
Street Licensed Vehicles
4WD Pickups, SUVs, Vans 272 210 170 145 797
2WD Pickups, SUVs, Vans 275 213 175 144 807
Motorcycles 243 207 153 121 724
Cars 248 205 165 122 740
Other 246 204 175 145 770
Total 1,248 1,039 838 677 3,838
Non-Street Licensed Vehicles
Motorcycles 290 212 170 140 812
4 Wheel Vehicles 317 249 220 182 968
ATVs 300 220 187 157 864
Snowmobiles 356 265 236 204 1,061
Other 279 207 167 147 800
Total 1,542 1,153 980 830 4,505
All Vehicles

Grand Total 2,826 2,192 1,818 1,507 8,343

As stated above, the 1990 Study included street licensed vehicles found in the statewide
probability sample that drove off-highway in the prior year. It then corrected the fuel use

reported by this group by the percent of off-highway use reported for the prior year which might
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or might not reflect fuel use for the current year. In addition, he used the same people for all 4
waves. Significant fall-out of participants occurred during the waves as shown in Table 3.6.
Furthermore, the 1990 Study assumed the same fuel use for non-registered OHVs as for

registered OHVs. Fuel use rates are shown in Tables 3-7 and 3-8.

Table 3-7. Average Monthly Fuel Usage for Street Licensed Vehicles (Gallons per Month)

Month 4WD 2WD MCs Cars Other
January 3.102 0.775 0.687 0.039 0.262
February 2.876 0.661 0.651 0.051 0.754
March 3.107 0.804 0.884 0.043 0.245
April 1.287 0.304 0.261 0.035 0.384
May 1.085 0.345 0.307 0.029 0.384
June 1.452 0.573 0.344 0.025 0.384
July 1.898 0.183 0.971 0.017 1.110
August 2121 0.275 0.790 0.014 1.110
September 2.316 0.170 0.869 0.008 1.110
October 1.228 0.473 0.309 0.111 1.311
November 1.568 0.357 0.338 0.034 0.718
December 1.661 0.472 0.268 0.043 0.764
Annual Total 23.701 5.392 6.679 0.449 8.536

4WD = 4 wheel drive pick-ups, SUVs and Vans
2WD = 2 wheel drive pick-ups, SUVs and Vans
MC = On-highway motorcycles

Table 3-8. Average Monthly Fuel Usage for Non-Street Licensed Vehicles (Gallons per Month)

Month MCs 4WVs ATVs Snow Other
January 4.950 8.514 3.679 12.369 7.309
February 4.575 6.991 3.232 11.244 6.034
March 5.041 7.145 3.462 7.626 5.979
April 4.169 3.830 1.614 0.472 2.788
May 4137 2.835 1.569 0.138 3.137
June 3.301 2.660 1.867 0.047 2.637
July 2.457 2.163 1.840 0.000 1.988
August 2.406 2.192 1.587 0.000 2.539
September 3.283 2.766 1.447 0.000 2.133
October 2.439 3.779 2.536 0.099 3.264
November 4.080 8.095 2.676 0.300 4.646
December 3.522 5.259 2.787 2.654 4.614
Annual Total 44.360 56.229 28.296 34.949 47.068

MC = off-highway motorcycles
4WV = Dune buggies and other 4 wheeled vehicles
Snow = Snowmobiles
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3.3. Existing Tax Transfer Model

Using the data collected during the Tyler Fuel Usage Study, the non-registered to
registered correction factors determined during the Tyler Statewide Probability Study and DMV
estimated counts of street licensed and non-street licensed vehicles by vehicle type, the existing
tax model predicts an annual revenue of $56.88 million using DMV estimated vehicle counts for
the 2004/2005 fiscal year'' and a tax rate of $0.18 per gallon. Table 3-9 shows the breakdown
of revenue by street licensed vehicles (SLVs), registered non-street licensed vehicles (OHV
Reg) and non-registered non-street licensed vehicles (OHV Non-Reg). As is evident from that

table, 64 percent of the income comes from non-registered non-street licensed vehicles.

Table 3-9. Existing Tax Transfer Model Income Projection for 2004/2005

Vehicle Tvpe Vehicles? Gallons Tax Revenue Percent of
yp (Millions) (Millions) (Millions) Revenue
SLVs 25.75 79.74 $14.35 25%
OHV Reg 0.79 34.44 $6.20 1%
OHV Non-Reg 4.53 201,81 $36.33 64%
Total 31.06 315.99 $56.88 100%

@ Average vehicle counts over the 2004/2005 fiscal year.

Based upon the vehicle counts above, for every one registered OHV, the model predicts

there are 5.86 non-registered OHVs. This is a significant source of revenue under the Existing

Fuel Tax Transfer Model.

classes of vehicles are shown in Table 3-10.

Further details of the model inputs and tax revenues for selected

Table 3-10. Selected Details of the Existing Tax Transfer Model Income Projections for 2004/2005

Vehicle Tvpe Vehicles® Gallons Tax Revenue Percent of

yp (Thousands) (Millions) (Millions) Revenue
2WD SLVs 9,291 50.33 $9.06 15.9%
4WD SLVs 647 15.41 $2.77 4.9%
OH Motorcycles (Reg) 686 30.80 $5.54 9.7%
OH Motorcycles (Non-Reg) 4,047 181.71 $32.71 57.5%
ATVs (Reg) 59 1.69 $0.30 0.5%
ATVs (Non_Reg) 148 4.21 $0.76 1.3%

& Average vehicle counts over the 2004/2005 fiscal year.

As can be seen from the table above, over 57% of the tax revenue comes from non-
registered off-highway (OH) motorcycles. This is driven by the high non-registered to registered

ratio (5.9) and the fact that existing tax transfer model assumes the same fuel rate for non-

" California State Parks fiscal year is July 1% to June 30". The Existing Fuel Tax Transfer Model uses data three
months prior so that the fuel use data is from April through March.
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registered motorcycles as for registered ones. This is further compounded by DMV
misclassifying most ATVs as motorcycles and the fact that the model does not adjust for non-

registered vehicles becoming registered.

3.4. DMV Data Inconsistencies

As part of the current ICF International Study, the data obtained from Department of
Motor Vehicles (DMV) was reviewed. Robert Cenzer Consulting analyzed the DMV registration
files using SAS on DMV’s Teale Data Center mainframe and SAS, Excel and others on a
personal computer. Robert Cenzer has worked with the California Energy Commission for
almost 15 years developing guide files to assign vehicles to vehicle classes by make, model and
vintage. He has created original analysis and routines to identify operational status, commercial
versus personal ownership, fleet ownership, and four-wheel drive vehicles. He has done

significant research on vehicle identification numbers (VINs) to determine vehicle types.

In the mid 1990s, DMV purchased VINA software for street licensed vehicles from R.L.
Polk. This software decoded the first 8 characters of a vehicle’s VIN to tell the make, series,
model and body style of each vehicle type for 1981 and newer vehicles when the VIN codes
were standardized. Prior to 1981, VIN codes were not consistent and needed specialized
interpretation. Cenzer developed additional VIN decoding software to determine the vehicles
that VINA couldn’t decode. Since VINA does not provide information on drive train, Cenzer also
developed VIN decoding software to determine whether a vehicle was two wheel drive (2WD) or
four wheel drive (4WD)." Each year as new models are produced, new VIN decoder codes
need to be written. The existing tax transfer model uses 4WD estimates based upon software
developed in 1990. This software is limited to those vehicle makes and models in existence in
1990 and does not count any 4WD or AWD makes and models produced after 1990. Therefore

the 4WD counts used in the Existing Tax Transfer Model are too low.

OHYV classifications reported by DMV are subject to the interpretation of the licensing
agent (dealer), the vehicle’s owner, or the DMV Technician involved with the transaction.
Therefore, the data in the DMV file has a significant amount of errors. In 2003, DMV purchased
the motorcycle VINA package from R.L. Polk which provided make, model and body style
information. This was then used to develop more accurate vehicle counts. It took two years of

work between Cenzer and DMV to get the software to work correctly, which significantly slowed

"2 All wheel drive (AWD) vehicles are included in the 4WD counts.
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progress of this project. When the software used by the existing tax transfer model was written
in 1990 to discern ATVs from motorcycles, it determined that the category “All Terrain” meant
motorcycles and not ATVs. ATVs were classified as 3 Wheel or 4 Wheel. In subsequent years,
ATVs were listed as “All Terrain” and therefore counted by the DMV model as motorcycles
instead of ATVs.

Table 3-11 shows the Existing Tax Transfer Model inputs supplied from DMV for October
1989 when the model was written and for October 2004. For a comparison, actual vehicle

counts for October 2004 as determined by Cenzer are also shown.

Table 3-11. Existing Fuel Tax Transfer Model Vehicle Counts versus Actual Counts

) Model Inputs Actual
Vehicle Type
Oct 1989 Oct 2004 Oct 2004
Cars 14,603,184 14,887,946 14,221,617
2WD SLVs 4,278,144 9,320,229 7,817,512
4WD SLVs 194,403 649,985 3,205,250
SL MC 560,839 537,329 559,377
SL Other 552,164 442,280 277,540
OH Motorcycles 207,633 656,816 338,169
ATVs 76,636 57,448 335,897
4 Wheel Vehicles 6,974 18,478 19,329
Snowmobiles 6,263 18,894 18,502
OH Other 12,998 2,435 2,168

As can be seen from Table 3-11, there was significant growth in 4WD street licensed
vehicles from 1989 to 2004. Unfortunately, the DMV model inputs did not keep up with the
actual growth due to the fact that the software that was used was vastly out of date. There is
also a significant difference in Street Licensed Others between the DMV 2004 model inputs and
actual counts. This is because the existing DMV model used for input to the existing tax
transfer model classifies vehicles from 8,501 to 10,000 Ibs gross vehicle weight rating (GVWR)
in the SL Other category, while Cenzer include those vehicles in the SUV, truck and van
categories. Cenzer’'s SL Other category include vehicles from 10,001 to 14,000 Ibs which are
mostly RVs. DMV counts of vehicles over 14,000 Ibs are not included as they are too big to be

used for recreational purposes. See further discussion in Section 5.

The most dramatic effect in Table 3-11 is the split between off-highway motorcycles and

ATVs. The existing DMV model used for the existing Tax Transfer Model inputs was vastly out
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of date and misclassified a majority of the ATVs as motorcycles. This has a significant effect on

the tax revenues generated for two reasons:

The total effect of the two factors above would result in a drop in tax revenue transferred
of approximately $14.7 million if the correct DMV counts were used as shown in Table 3-12. On
the other hand, 4WD street licensed vehicles used 4.4 times as much fuel per vehicle per year
than 2WD vehicles based upon the 1990 Study. By correcting the classification of post 1990
4WD vehicles, there is about a $9.4 million gain as shown in Table 3-13. Using the actual
registration counts developed by Cenzer plus the 1990 Study non-registered to registered ratios

and average monthly fuel rates by vehicle type, projected fuel use should be approximately 29

The ratio of non-registered to registered vehicles for motorcycles is 5.9 while the
ratio for ATVs is 2.5. By misclassifying ATVs as motorcycles in the registered
counts, over 1.4 million additional non-registered vehicles that really don’t exist

even with the Tyler conversion factors shown in Table 3-4 are calculated as

existing.

The annual average fuel usage for off-highway motorcycles is 57% higher than
the average annual fuel usage for ATVs.

revenues beyond reality.

million gallons of gasoline less for the 2004/2005 fiscal year or $5.3 million.

Table 3-12. Effect of Incorrect ATV Classifications

This further artificially increases tax

Vehicle Counts

Aonual | Anua Tax
Reg Non-Reg Total
Existing Tax Transfer Model Inputs®
Off-Highway Motorcycles 685,980 4,047,280 | 4,733,259 | 212,508,377 $38,251,508
ATVs 59,108 147,769 206,877 5,899,308 $1,061,875
Total 745,088 4,195,049 | 4,940,136 | 218,407,685 $39,313,383
Actual Registration Counts with Tyler Non-Reg to Reg Correction Factors®
Off-Highway Motorcycles 338,169 1,995,197 | 2,333,366 103,508,120 $18,631,462
ATVs 335,897 839,743 | 1,175,640 33,265,895 $5,987,861
Total 674,066 2,834,940 | 3,509,006 136,774,015 $24,619,323
Tax Transfer Model Inputs minus Actual Registration Counts
Difference 71,022 1,360,109 | 1,431,130 81,633,670 $14,694,060

@ Average Existing Tax Transfer Inputs for 2004/2005 fiscal year.
® Based upon fixed vehicle counts as of October 2004.
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Table 3-13. Effect of Incorrect 2WD vs. 4WD Classifications

Vehicle Annual Annual Tax

Vehicle Type Counts Gallons Revenue
Existing Tax Transfer Model Inputs®
2WD Street Licensed 9,290,597 50,334,065 $9,060,132
4WD Street Licensed 646,753 15,407,412 $2,773,334
Total 9,937,350 65,741,477 $11,833,466
Actual Registration Counts®
2WD Street Licensed 7,817,512 42,152,025 $7,587,364
4WD Street Licensed 3,205,250 75,967,630 $13,674,173
Total 11,022,762 118,119,655 $21,261,538
Actual Registration Counts minus Tax Transfer Model Inputs

Difference 1,085,412 52,378,178 $9,428,072

@ Average Existing Tax Transfer Inputs for 2004/2005 fiscal year.
® Based upon fixed vehicle counts as of October 2004.

The above analysis assumes there was no change in the ratio of non-registered to
registered vehicles and that the fuel use rate of various vehicle types is the same as it was in
1990. There are several reasons why this is not true. The largest effect is that the ratio of non-
registered to registered vehicles has most likely changed from 1989 to 2004. Significant
enforcement at SVRAs and other public areas have forced more off-road recreational drivers to
register their vehicles. Enforcement at staging areas and other areas within forests, parks and
other public lands also has reduced the amount of non-registered OHV use on public lands.
The largest change, however, is that now dealers who sell off-highway motorcycles, ATVs and
snowmobiles offer at a nominal fee to register the vehicle with the State. As will be seen in

Section 6, a reduction in these ratios can have a dramatic effect on tax revenues.

The next largest factor is that the above analysis assumes non-registered vehicles
recreate at the same rate as registered vehicles. With enforcement at SVRAs and other areas,
this is not the case. As will be seen in Section 6, this project estimates that non-registered

OHVs recreate off-highway significantly less than registered OHVs.

The last factor is that 4WD street licensed vehicles have a significantly different use than
they did in 1990. In 1990, only limited models of vehicles were 4WD and those were mostly
used when it was needed to traverse rugged landscape. This population was much more likely
to recreate with these vehicles off highway than the current SUV population that drives their kids
to school and uses the vehicle as a commuter car. As will be seen in Section 6, the use of 4WD

street licensed vehicles for off-highway recreation has decreased from 1990. Further discussion
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of this reduction can be found in Sections 4, 5 and 6. As will be seen in Section 6, the above
effects result in reduced fuel use for recreation that previously calculated using the Existing Tax

Transfer Model.
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4. Telephone Survey of California Households

Component #1 of the ICF International Study consisted of a statewide survey of
California households to determine vehicle ownership, patterns of off-highway recreation, as
well as the recreational preferences of vehicle owners and operators who drive off-highway in
the State.

More specifically, the principle research objectives of the Component #1 survey were to:

1. Estimate how many vehicles are being used for off-highway recreation in

n13

California, distinguishing between "driving to recreate" * and "for the purpose of

recreation".'

2. Estimate what types of vehicles are being used for off-highway recreation in
California, distinguishing between "driving to recreate" and "for the purpose of

recreation”.

3.  Estimate the percentage of households in California that have used at least one

vehicle in the past year for off-highway recreation.

4, Establish the relationship between DMV data and the true characteristics of the
fleet of vehicle types being used for off-highway recreation. This consisted of
estimating in a statistically reliable manner the actual population of a) street
licensed four-wheel drive vehicles and b) non-registered off-highway vehicles
(OHVs)' in California.

5. Determine the kinds of recreational pursuits (activities) and the recreational
destinations (geographically) of vehicle operators who use their vehicles off-
highway on public lands in California to gain access to recreation and for the

purpose of recreation.

13 Driving to recreate” refers to off-highway driving that occurs because the driver wanted to access other types of
recreation activities or areas. For example, some people will drive off-highway to access a lake where they engage
in recreation activities, such as fishing, waterskiing, swimming, etc. In this case, the driving they do off-highway is
not considered a form of recreation by itself -- it is simply a means to access other recreation areas or activities.

" In contrast, driving “for the purpose of recreation” refers to situations where the off-highway driving is the primary
recreation activity rather than a means of accessing other activities. People who ride ATV’s off-highway, for
example, generally do so because they enjoy the experience of driving a vehicle in off-highway conditions.

18 Non-registered vehicles are vehicles that are not currently registered with the Department of Motor Vehicles
(DMV).
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Additionally, the Component #1 survey was used to establish a pool of potential
candidates that would later be recruited to participate in the fuel use log book portion of the

study (Component #2).

4.1. Methodology Overview

Component #1 consisted of a Statewide survey of 15,691 California households selected
using a stratified random digit dial (RDD) probability sample, with strategic over-sampling for
OHV-owning households and geographic areas with above-average OHV registration status.
Recruitment and interviewing was conducted by telephone between July 28 and December 10,
2003. The interviews -- which were conducted in English, Spanish, Cantonese, Mandarin,
Tagalog and Viethamese -- averaged 14.2 minutes. The following sections provide additional
details about the methodologies used in the Component #1 survey, as well as the motivation for

using certain techniques.

4.2. Sampling Method

Households were selected for inclusion in the Component #1 survey using a random
digit dialing (RDD) method. The Statewide RDD sample was drawn by first selecting all of the
active phone exchanges (first three digits in a seven digit phone number) and working blocks
(the first two digits of the last four digits) that service the area of interest (California).'® The
exchanges were then stratified by County, with separate subsamples drawn from within each of
the 58 county strata. Within strata, sample units were allocated to each eligible exchange in
proportion to their density of known listed telephone households in the area of interest."”” From a
random start between zero and the sampling interval, working blocks were then systematically
selected in proportion to their density of listed households. Once a block had been selected, a
two digit number was systematically selected in the range of 00-99 to form the complete 10 digit

number.'®

'8 For example, in the telephone number 255-4200, ‘255’ is the exchange and ‘42’ is the block. A block is termed to
be a working block if one or more listed telephone numbers are found in the block.

" A listed household is a household with a telephone number that is publicly available in a directory. Survey
Sampling International (SSI) regularly obtains updated databases of directory-listed households from Telcordia and
additional sources. The information is then subjected to an extensive cleaning and validation process to ensure
that all exchanges are currently valid, assigned to the correct area code, and fall within the appropriate set of ZIP
codes. The number of listed households is used for sample allocation, although both listed and unlisted households
are eligible and included in the sample.

"® The approach described in this paragraph is consistent with SSI's Random A selection methodology.
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The RDD method ensures that listed and unlisted numbers, as well as new residents
and new developments, have an opportunity to participate in the study. It is important to note,
however, that RDD sampling methods have a number of known limitations and biases which, if

not corrected for, will result in a sample that is not representative of California households.

4.3. RDD Limitations & Adjustments

For a sample to be representative of California households, each occupied household
must have a known probability of being selected. Perhaps the most important thing to recognize
about RDD samples generated using the methods described above is that they are a probability
sample of phone numbers -- not households or people. Thus, although each phone number may
have an equal (or known) probability of being selected, this does not mean each household has
an equal (or known) probability of being selected for several reasons, the most important being
that households vary in the number of phone numbers they have. According to the 2000
Census, less than 1.5% of households in California are without phone service, but phone
service is more common among certain groups. For example, less than one percent (0.54%) of
owner occupied households is without phone service, whereas close to three percent (2.68%) of
renter occupied households in California are without phone service." The disparities are even
starker when one adds a direct measure of income to the analysis. Whereas less than one half
of one percent (0.43%) of owner occupied households with family incomes above the poverty
level are without telephone service in California, the corresponding figure for renter occupied
households with family incomes at or below the poverty level is six percent (6.00%).2° Of
course, to the extent that family income is associated with other demographic traits, like
ethnicity and age, the selection bias will be present on these traits as well. This represents one

source of bias that is inherent in the RDD sampling method.

An even more important source of bias in an RDD sample is the fact that many
households have more than one phone line. Since an RDD sample is a probability sample of
phone numbers, a household's probability of being selected for an RDD sample is directly
proportional to the number of phone lines it has. Thus, households with two phone numbers are
twice as likely to be selected in an RDD sample when compared to their counterpart households

that have just one phone number.

'® Census 2000, Table H43, Summary File 3.
% Census 2000, Table HCT27, Summary File 3.
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Although the 2000 Census does show that phone service is systematically related to
socioeconomic factors and other demographic traits (like ethnicity) as discussed above, the
Census does not provide data about how -- within households with phone service -- the number
of phone lines is related to socioeconomic and demographic traits. It is certainly logical to
expect, however, that socio-economic factors and other demographic traits (like ethnicity) are
related to the number of phone lines in a household. Households with higher family incomes,
Caucasian households, etc. can be expected to have a higher probability of being selected in an
RDD sample when compared to other types of households. This important source of bias, and
the need to adjust for it, has been recognized by dozens of important academic studies®' and
been acknowledged by Survey Sampling International (SSI), the nation’s leading provider of

RDD samples.?

To adjust for the known limitations and biases of the RDD sampling method, the
Component #1 survey asked each household that participated in the survey to identify how
many phone numbers service their household that are not dedicated to a fax or modem. This
established the probability that each household had for selection into the sample (by county),
and was used to identify and correct for the selection bias using standard weighting techniques,

thereby creating a representative sample (for more on this topic, see Section 4.5).

4.4. Strategic Over-sampling
One of the key challenges facing this project was that OHV-owning households
represent a small proportion of the total population of households in California. A similar study

conducted in 1990, for example, found that just 5.7% of California households owned an OHV.

21 A quick review of the Internet, for example, yields dozens of published academic studies that identify the inherent
bias in RDD sampling methods that is associated with multiple phone lines and then adjust for the bias through
weighting according to the number of phone lines servicing each household. Examples include studies conducted
by the National Institute of Justice, National Center for Injury Prevention and Control, and the Centers for Disease
Control and Prevention (e.g., Patricia Tjaden and Nancy Thoennes, Violence and Threats of Violence Against Men
and Women in the United States, 1994-1996), and David Vlahov, et al. Increased Use of Cigarettes, Alcohol, and
Marijuana among Manhattan, New York, Residents After the September 11th Terrorist Attacks, Journal of
Epidemiology: vol. 155, no. 11, 2002.

2 |inda Piekarski, Gwen Kaplan and Jessica Prestegaard of Survey Sampling, Inc. presented a paper entitled
"Telephony and Telephone Sampling" at the 1999 Conference of the American Association for Public Opinion
Research in St. Petersburg, Florida. This paper discusses several of the challenges facing surveys that use RDD
samples, and acknowledges the problems associated with multiple phone lines and the general need to adjust for
this bias.

23 Tyler and Associates, “A Study to Determine Fuel Tax Attributable to Off-Highway and Street Licensed Vehicles
Used for Recreation Off-Highway,” November 1990.
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Assuming that this percentage had remained stable for the past decade, a proportional sample

of 15,000 households?** could be expected to yield just 855 OHV-owning households.

Given that OHV-owning households were of primary interest to this study, ICF
International deviated from a strictly proportional sampling design by strategically over-sampling
for OHV-owning households. Doing so ensured enough OHV-owning households in the
Component #1 survey to reliably estimate the proportion of registered to non-registered OHVs in
California and improved the reliability of the recreational pursuits and recreational destinations
estimates. It also provided a sufficient number of non-registered OHV households to recruit for
the Component #2 fuel use log book portion of the study. Moreover, strategically over-sampling
-- rather than simply increasing the overall size of the proportional sample -- was the most

efficient and cost-effective way of gathering a sufficient number of OHV-owning households.

The first method of over-sampling for OHV-owning households that was employed was
to assign a disproportionately large number of interviews to counties that have a
disproportionately high rate of OHV registrations. If one thinks of locating OHV-owning
households as being akin to finding needles in a haystack, over-sampling in the manner
described above effectively increases one's chances of finding OHV-owning households by
separating the haystack into "needle rich" and "needle poor" piles and spending a

disproportionate amount of resources hunting in the "needle rich" pile.

Table 4-1 presents the latest information regarding population and OHV registrations
that was available from the California Department of Motor Vehicles and California Department
of Finance at the time of developing the Component #1 sample. The second to the last column
shows the number of registered OHVs per occupied household in each county. This figure
varies from a high of 0.501 in Alpine County to a low of 0.004 in San Francisco County, with the

county average being 0.104 OHVs per occupied household.

Based on this information, the 58 counties were divided into three mutually-exclusive
strata. Strata 1 included counties where the estimated number of OHVs per household
exceeded 0.10. Strata 2 included households where the estimated number of OHVs per
household was greater than 0.05 but no greater than 0.10. Strata 3 included the remaining
counties where the estimated number of OHVs per household was 0.05 or less. By strategically

over-sampling for households within Strata 1, the survey yielded a greater number of OHV-

# The request for proposals (RFP) established a sample size of 15,000 for the Component #1 survey.
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Table 4-1. Population & OHV Registrations by County

% of Population Persons OHVs Per
Total OHVs Population Occupied in Occupied Per Persons Occupied
County OHVs? Statewide b Households | Households | Household | Per OHV | Household® | Strata
ALPINE 248 0.00% 1,210 495 1,206 2.436 4.879 0.5010 1
PLUMAS 2,593 0.50% 21,000 9,208 20,803 2.259 8.099 0.2816 1
MONO 1,471 0.30% 13,250 5,308 12,966 2.443 9.007 0.2771 1
SIERRA 392 0.10% 3,500 1,532 3,468 2.264 8.929 0.2559 1
GLENN 1,885 0.30% 26,800 9,275 26,437 2.850 14.218 0.2032 1
LASSEN 1,933 0.30% 34,200 9,775 25,516 2.610 17.693 0.1977 1
COLUSA 1,124 0.20% 19,450 6,169 19,012 3.082 17.304 0.1822 1
SAN BENITO 2,734 0.50% 55,900 16,626 55,414 3.333 20.446 0.1644 1
INYO 1,199 0.20% 18,250 7,751 18,070 2.331 15.221 0.1547 1
AMADOR 2,010 0.40% 36,100 13,154 31,509 2.395 17.96 0.1528 1
MODOC 549 0.10% 9,350 3,813 8,945 2.346 17.031 0.1440 1
TEHAMA 2,913 0.50% 56,900 21,384 55,899 2614 19.533 0.1362 1
SHASTA 8,723 1.50% 169,200 64,930 165,796 2.553 19.397 0.1343 1
NEVADA 5,082 0.90% 95,300 38,022 94,329 2.481 18.752 0.1337 1
EL DORADO 8,165 1.40% 163,600 61,104 162,532 2.660 20.037 0.1336 1
IMPERIAL 5,210 0.90% 150,800 40,496 140,007 3.457 28.944 0.1287 1
CALAVERAS 2,191 0.40% 41,700 17,163 41,268 2.404 19.032 0.1277 1
TRINITY 690 0.10% 13,100 5,633 12,866 2.284 18.986 0.1225 1
MENDOCINO 4,077 0.70% 87,700 33,720 85,507 2.536 21.511 0.1209 1
MARIPOSA 780 0.10% 17,250 6,776 15,807 2.333 22.115 0.1151 1
TUOLUMNE 2,209 0.40% 55,800 21,318 50,905 2.388 25.26 0.1036 2
SUTTER 2,823 0.50% 81,900 27,667 80,446 2.908 29.012 0.1020 2
PLACER 10,357 1.80% 264,900 102,236 261,946 2.562 25.577 0.1013 2
SISKIYOU 1,892 0.30% 44,450 18,765 43,705 2.329 23.494 0.1008 2
LAKE 2,327 0.40% 60,300 24,145 59,165 2.450 25.913 0.0964 2
HUMBOLDT 4,978 0.90% 127,700 51,844 123,433 2.381 25.653 0.0960 2
YUBA 1,833 0.30% 61,000 20,768 59,599 2.870 33.279 0.0883 2
BUTTE 7,109 1.20% 207,000 81,379 200,798 2.467 29.118 0.0874 2
RIVERSIDE 45,693 8.00% 1,644,300 531,450 1,608,917 3.027 35.986 0.0860 2
SAN BERNARDINO 44,860 7.80% 1,783,700 539,046 1,731,958 3.213 39.761 0.0832 2
MADERA 3,035 0.50% 129,700 37,245 122,573 3.291 42.735 0.0815 2
KINGS 2,828 0.50% 133,100 35,178 113,237 3.219 47.065 0.0804 2
TULARE 8,642 1.50% 379,200 113,003 373,185 3.302 43.879 0.0765 2
KERN 16,217 2.80% 687,600 214,263 655,881 3.061 42.4 0.0757 2
SAN LUIS OBISPO 7,027 1.20% 253,600 95,608 238,009 2.489 36.089 0.0735 2
STANISLAUS 10,821 1.90% 469,500 150,649 462,143 3.068 43.388 0.0718 2
NAPA 3,203 0.60% 128,000 46,512 122,684 2.638 39.963 0.0689 2
VENTURA 16,462 2.90% 780,100 251,090 767,044 3.055 47.388 0.0656 2
MERCED 4,272 0.70% 218,900 65,974 215,960 3.273 51.241 0.0648 2
SAN DIEGO 61,573 10.70% 2,918,300 1,015,541 2,816,386 2773 47.396 0.0606 2
SONOMA 10,368 1.80% 471,000 175,921 459,128 2.610 45.428 0.0589 2
SAN JOAQUIN 10,836 1.90% 596,000 189,512 577,314 3.046 55.002 0.0572 2
SANTA CRUZ 5,094 0.90% 260,200 91,965 251,104 2.730 51.08 0.0554 2
DEL NORTE 508 0.10% 27,850 9,265 24,100 2.601 54.823 0.0548 2
YOLO 3,018 0.50% 176,300 61,880 168,470 2.723 58.416 0.0488 3
FRESNO 12,533 2.20% 826,600 258,332 808,338 3.129 65.954 0.0485 3
MONTEREY 5,873 1.00% 409,600 123,932 389,326 3.141 69.743 0.0474 3
ORANGE 45,009 7.90% 2,939,500 951,827 2,896,455 3.043 65.309 0.0473 3
SOLANO 6,332 1.10% 405,800 134,082 389,626 2.906 64.087 0.0472 3
SANTA BARBARA 5,751 1.00% 407,900 138,406 391,704 2.830 70.927 0.0416 3
CONTA COSTA 12,872 2.20% 981,600 351,134 970,263 2.763 76.259 0.0367 3
SACRAMENTO 15,906 2.80% 1,279,900 468,674 1,254,707 2.677 80.466 0.0339 3
SANTA CLARA 18,667 3.30% 1,719,600 576,594 1,688,896 2.929 92.12 0.0324 3
LOS ANGELES 83,543 14.60% 9,824,800 3,155,195 9,648,650 3.058 117.602 0.0265 3
SAN MATEO 6,398 1.10% 717,000 256,480 706,572 2.755 112.066 0.0249 3
ALAMEDA 11,705 2.00% 1,486,600 530,115 1,458,785 2.752 127.006 0.0221 3
MARIN 2,099 0.40% 249,900 101,467 238,794 2.353 119.057 0.0207 3
SAN FRANCISCO 1,214 0.20% 793,600 337,530 774,444 2.294 653.707 0.0036 3

Source: Department of Motor Vehicles, May 2002
® Source: Department of Finance, January 2002 Population Estimates
° Calculated OHVs per household
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owning households than could be anticipated using a sample that selected households in a

proportional manner across counties.

Simply over-sampling within Strata 1, however, would not yield a sufficient number of
OHV-owning households to ensure that the number of non-registered OHVs needed for the
Component #2 Study was met. Accordingly, a second over-sampling strategy was employed
whereby a portion (1,415) of the 15,691 interviews was dedicated to OHV-owning households.
Using a second, mutually exclusive RDD sample,? interviewers screened for OHV-owning
households. This involved asking respondents early in the survey if their household owns an
OHV. If a household does not own an OHV, the interview was terminated at that point (i.e.,
screened-out), the data was recorded, and the interviewer dialed the next phone number in the
sample. If a household reported that they did own an OHV, they were then administered the full

qguestionnaire.

In combination, the over-sampling methods described above were the most time-efficient
and cost-effective manner of obtaining a sufficient number of OHV-owning households in a way
that the data could be projected to represent all California households. The major advantage of
the screening method, in particular, was that it did not spend limited resources on conducting
interviews with non-OHV-owning households above-and-beyond the number that was sufficient
to estimate population proportions within the required levels of statistical accuracy. Moreover,
because each screening interview captured whether the household owned an OHV prior to
terminating the interview, these screen-out interviews (which totaled 12,264) could be combined
with the 15,691 completed full interviews when estimating the proportion of households in
California that own an OHV. With nearly 28,000 interviews for this purpose, ICF International
was able to estimate the proportion of households in California that own an OHV within an
extremely precise statistical margin of error at the 95 in 100 level of confidence (see Section
4.6).

Table 4-2 displays the unweighted number of interviews completed in the Component #1
survey according to the sampling plan described above, by county and distinguishing between

OHV-owning households and those that did not own an OHV. Note that the frequencies in

% |n other words, the sample for the screening over sample was drawn separately from the main RDD sample and
was mutually exclusive so that phone numbers would not appear in both samples.
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Table 4-2. Completed Interviews, Prior to Weighting and DMV Data Matching/Cleaning

County Compl_eted Household Owned an OHV?
Interviews Yes No
Alameda 342 26 316
Alpine 88 18 70
Amador 352 51 301
Butte 118 17 101
Calaveras 358 68 290
Colusa 394 48 346
Contra Costa 222 20 202
Del Norte 120 7 113
El Dorado 541 103 438
Fresno 170 22 148
Glenn 260 41 219
Humboldt 122 21 101
Imperial 375 79 296
Inyo 347 36 311
Kern 188 37 151
Kings 117 9 108
Lake 119 15 104
Lassen 376 67 309
Los Angeles 1,605 170 1,435
Madera 116 13 103
Marin 117 4 113
Mariposa 132 23 109
Mendocino 154 46 108
Merced 114 13 101
Modoc 246 41 205
Mono 289 40 249
Monterey 109 8 101
Napa 118 13 105
Nevada 389 74 315
Orange 604 65 539
Placer 208 99 109
Plumas 251 54 197
Riverside 559 107 452
Sacramento 304 29 275
San Benito 358 49 309
San Bernardino 415 111 304
San Diego 796 166 630
San Francisco 212 10 202
San Joaquin 214 37 177
San Luis Obispo 130 24 106
San Mateo 200 12 188
Santa Barbara 110 12 98
Santa Clara 395 34 361
Santa Cruz 122 17 105
Shasta 462 111 351
Sierra 261 51 210
Siskiyou 138 29 109
Solano 123 11 112
Sonoma 176 31 145
Stanislaus 134 29 105
Sutter 165 31 134
Tehama 355 62 293
Trinity 172 31 141
Tulare 163 22 141
Tuolumne 145 36 109
Ventura 276 43 233
Yolo 105 7 98
Yuba 140 7 133
Totals 15,691 2,457 13,234
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Table 4-2 for OHV-owning households were subsequently adjusted slightly based on matching

of the Component #1 survey data to DMV registration data (see Section 4.14).%

4.5. Methods for Weighting of the Statistical Analyses
of Telephone Responses

4.5.1. Introduction

In this section, the formulae and statistical weights used for the statistical analyses of the
telephone survey responses are presented. The telephone survey consisted of a main survey
and a screening survey. For the main survey, a stratified random sample without replacement
of 14,276 residential telephone numbers was selected using random digit dialing and each
respondent household was asked all the survey questions. The stratification was by county,
and the sampling rate differed by county, such that households in rural counties with higher
OHYV registration rates had a higher selection probability (to increase the numbers of OHV-
owning households in the survey). For the screening survey, an independent stratified random
sample without replacement of 13,679 residential telephone numbers was selected using
random digit dialing. Just as for the main survey, the stratification was by county, and the
sampling rate differed by county. For the screening survey, each household was asked whether
or not they owned an OHV. If they answered No, then no further questions were asked and
these 12,264 respondents are the “screen-outs”. In particular, note that the screen-outs were
not asked about the number of land line telephone numbers for the household. If they answered
Yes, then they were asked the remaining survey questions. A total of 1,415 respondents
answered Yes, giving a total of 14,276 + 1,415 = 15,691 respondents that were asked all the

survey questions. We shall call these 15,691 respondents the “combined” survey.

In Section 4.5.2, we present the main mathematical formulae for the estimated
proportions, means, variances, and confidence intervals. The “proportions” are the fractions or
percentages of California households with some characteristic, e.g., the percentage of
households that own a street-licensed vehicle. The “means” are averages of numerical values,
such as the mean number of street-licensed vehicles owned by a household. For each
estimated proportion or mean we also calculate the variance, which measures the uncertainty of
the estimate, and a 95% confidence interval, which is a range of values that will include the

California proportion or mean 95% of the time.

% In limited cases, for example, an OHV was subsequently determined to be a street-licensed vehicle based on DMV
data for the vehicle.
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For all the survey questions except the one about OHV ownership, we analyzed the
combined survey using what we refer to as the “Indirect method” to estimate the proportions of
California households with a characteristic (e.g., own a street-licensed vehicle) or mean values
(e.g., mean number of street-licensed vehicles per household). In the indirect method, the first
step was to estimate the numbers of telephone lines (more precisely, land line telephone
numbers) in each county for OHV-owning households and for non-OHV-owning households. To
do this, we estimated the number of residential telephone lines in the county by taking the total
number of households in the county (from California Department of Finance data) and
multiplying by the harmonic mean number of telephone lines per household from the main
survey. We estimated the county proportions of OHV-owning and non-OHV-owning households
from the county’s surveyed households in the main and screening survey, including the screen-
outs (a total of 27,955 responses). The estimated number of telephone lines in each county for
OHV-owning households is the estimated number of telephone lines in the county multiplied by
the estimated proportion of OHV-owning households. The estimated number of telephone lines
in each county for non-OHV-owning households is the estimated number of telephone lines in

the county multiplied by the estimated proportion of non-OHV-owning households:.

Telephone lines in county =

No. of Households x Harmonic mean no. of telephone lines per household

Telephone lines for OHV-owning households in county =

Telephone lines in county x Proportion of OHV-owning households in county

In the second step of the indirect method, these estimated numbers of telephone lines
were used to estimate sampling weights that re-weight the combined survey to account for the
different sampling rates in different counties and the different numbers of telephone lines (since
households with more telephone lines are more likely to be sampled). The raw set of 15,691
responses in the combined survey do not represent the California residential population
because of a) the over-sampling of counties with greater OHV registration rates, b) the over-
sampling of OHV owners from the screening sample (non-OHV-owning households were
screened out), and c) the over-sampling of households with more telephone lines. In effect, the
weighting scheme in the indirect method tilts the survey responses so that they represent the
California population. To explain the process in simple terms, first assume every household has
exactly one telephone line. Suppose there are R responding OHV-owning households in the

county, totaling, for example, 1 percent of the estimated T households and T telephones for all
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OHV-owning households in the county. Each of those R responses is, in effect, equal to T/R or
100 households in California. The 100 times the response of a given household when summed
over all survey respondents would give results for all households in California. More generally, if
a household has more than one telephone line, it is more likely to be selected. A household with
t telephone lines has t times the probability of being selected, so those responses are down-
weighted by dividing by t. The sampling weight for an OHV-owning household is T/(Rt), where T
is the estimated number of telephone lines owned by OHV-owning households in the county, R
is the number of surveyed OHV-owning households in the county, and t is the household
number of telephone lines. Each response from an OHV-owning household in the county is, in

effect, counted T/(Rt) times. A similar weighting applies to the non-OHV-owning households.

For the question about OHV-ownership, the “Direct method” was used to adjust the
27,955 responses of the entire main and screening surveys including the screen-outs. In this
case the sampling weights only adjust for the over-sampling of counties with greater OHV
registration rates and the analysis does not account for different numbers of telephones per
household. We call this method the Direct method because the screen-out responses are
included in the survey sample. In the Indirect method the survey sample excludes the screen-

outs, but their responses are used indirectly as part of the sampling weight calculation.

Section 4.5.2 presents the formulae for estimating means and proportions and
estimating their variances and confidence intervals. Section 4.5.3 presents in detail the
approach used to estimate the numbers of telephone lines by county for OHV owners and non-
owners, which were used to calculate the sampling weights for the Indirect method. Section
4.5.4 presents a mathematical derivation of the mean and variance formulae that were listed in
Section 4.5.2. Section 4.5.5 presents the formulae for estimating ratios of means and their
uncertainties, which are generalizations of the formulae for estimating means. A typical
example of a ratio of means is the percentage of OHV motorcycles used for recreation, which by
definition is equal to the mean number of OHV motorcycles owned and used for recreation per
household divided by the mean number of OHV motorcycles owned per household (multiplied
by 100%). Another important set of ratios, discussed later in Section 5.11, are the non-
registered-to-registered correction factors, defined as the number of non-registered off-highway
vehicles in a vehicle class divided by the number of registered off-highway vehicles in the same
vehicle class. Finally, in Section 4.5.6 we discuss the treatment of missing values for the

responses.
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4.5.2. Main Formulae
In this section we present without proof the formulae used to calculate survey sampling
weights, means, proportions, variances and confidence intervals. These formulae use the
estimated numbers of telephone numbers for OHV-owning and non-OHV-owning households in
each county, to be derived in Section 4.5.3. Section 4.5.4 gives details of the statistical theory

justifying the formulae presented in this section.

We assume that in both the main and screening surveys, for each county a random
sample of telephone numbers was selected. In the very unlikely case that the same household
could have been selected twice, one was eliminated. For each county we know the total number
of residential households, H(county). For a given survey question, assume we have a total of
n(county, owner) responses among the OHV-owning households in that county. Assume we
have a total of n(county, non-owner) responses among the non-OHV-owning households in that
county. The numbers n(county, owner) and n(county, non-owner) include all responders in the
main survey and all the responders in the screening survey that were OHV-owning households
and so were not screened out. The analysis re-weights the responses to adjust for the over-
sampling in some counties and to adjust for the numbers of telephone lines in each responding
household, because households with more telephone lines are more likely to be selected. For
questions relating to whether or not they own an OHV or the number of OHVs owned, the
screened-out responses can also be directly incorporated into the analysis to increase the
precision. However this improved precision comes at the expense of additional bias because
the weighting adjustment for the different numbers of telephones cannot be applied to the

screen-outs (who did not report the household number of telephone lines).

There are three types of questions. Type 1 is a quantitative question such as the number
of OHVs owned. Type 2 is a question with a Yes/No answer, such as whether or not the
household owns an OHV. For Type 2 questions, if we define the variable z by z =1 if Yes and z
= 0 if No, then the mean value of z is the proportion of Yes answers so that we can calculate the
estimated proportion for the State, and its confidence interval, using the same formulae as for
Type 1 questions. Type 3 is a categorical question with several possible answers such as the
type of OHV vehicle owned (e.g., showmobile). We can also make the individual categories in
Type 3 questions quantitative by considering each possible answer as a Yes/No, so that if “Ans”
is one answer then define z by z = 1 if the answer is “Ans” and z = 0 if another response is

given. The mean value of z is the proportion of “Ans” responses. (Of course one cannot define
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the mean answer to the Type 3 question as a whole, such as the mean type of OHV vehicle

owned). Therefore in this discussion we will treat every question as a quantitative one (Type 1).

Indirect Method

We shall first present the formulae for the analyses of the main survey plus the non-
screened-out responders from the screening survey. This is the combined survey with 15,691
responding households. The screen-outs are indirectly used in these calculations since their
responses are used to give the estimated fractions of OHV-owning households, which are, in

turn, used to calculate the sampling weights.

Let z(u, c, A) be the response for the u’th household in county ¢ among the subgroup A,
where A is either “owner” (i.e., an OHV-owning household) or “non-owner” (i.e., a non-OHV-
owning household). Thus each county is subdivided into two subgroups, for owners and non-
owners of OHVs. We will treat the combination of county and subgroup as a stratum for these

analyses. The estimated (weighted) mean response is

Mean response = Z = 2e2a2uz(u, c, A xw(u, c, A)/ 2 2a 20 W(U, C, A)

where each triple sum is over all sampled households (u), counties (c), and subgroups (A) and
where w(u, ¢, A) is the sampling weight. >c, >4, and >, are sums over counties, subgroups, and
households, respectively. The sampling weights were chosen so that the mean response is an
approximately unbiased estimate of the mean value of z for the entire set of California

households. The sampling weight is
w(u, ¢, A) = N(county, A) / {n(county, A) x Telephones (u, c, A)}

where N(county, A) is the number of residential telephones in subgroup A of county ¢, n(county,
A) is the number of sampled households in subgroup A of county c, excluding the screen-outs,
and Telephones (u, ¢, A) is the number of telephone lines in household u, county c, subgroup A.
The value of N(county, A) was not known in advance of the surveys, but was estimated from the

surveys, as discussed in the Section 4.5.3.

Since the sampling weights w appear in both the numerator and denominator sums for
the mean response, they can all be multiplied by a single constant without changing any of the
results. It is convenient to choose the constant so that the sum of the adjusted weights over the
sample equals the sample size, 15,691. In this case the weighted sum in the numerator can be

regarded as the adjusted total across the surveyed households in the combined survey. The
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average adjusted weight will equal 1, which would be the sampling weight for all households if a
simple random sample had been used, so that every household was equally likely to be

selected.

Some respondents did not answer the question about the number of telephone lines. For
calculating the weights for these households, the number of telephone lines was estimated by

the sample mean number of lines for the same county.

As shown in Section 4.5.4, the estimated variance of the mean response is given by the

formula:

Var = Estimated Variance (Mean response)
=Y. Yan(c, A) x {1 —f(c, A}/ {n(c, A) — 1} x Xy {e(u, ¢, A) — &(c, A)}* + V

where f(c, A) is the sampling fraction:
f(c, A) =n(c, A)/ N(c, A)

e(u, c, A) is an error term, with stratum mean &(c, A):
e(u, ¢, A) =w(u, c, A) x {z(u, c, A) —2} [ 26 2 20 W(u, c, A)
é(c, A)=2,e(u,c,A)/n(c, A)

V is a correction term to account for the uncertainty of the estimated sampling weights:

V=5, 3, X, wiue. A x 3, Var(PropOHV(o)) »
{Zowner (Z(U, ¢ OWner) - 2) W(U, C, Owner) Z

non—owner (Z(U, ¢,non - Owner) - 2) W(U, Cc,non - Owner) i
PropOHV(c) 1-PropOHV(c) ’

where PropOHV/(c) is the estimated proportion of OHV-owning households in county c.
PropOHV(c) = h(c) / nall(c) and
Var (PropOHV(c)) = {H(c) — nall(c)} PropOHV(c) {1 — PropOHV(c)} / {(nall(c) — 1) H(c)}

where h(c) is the total number of surveyed OHV-owning households in county c including the
screen-outs, nall(c) is the total number of surveyed households in county c including the screen-

outs, and H(c) is the California total number of residential households in county c.
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An approximate 95% confidence interval for the mean response is given by:

95% Confidence interval = Z+ t \Var

where t is the 97.5" percentile of a Student’s t distribution with S — C degrees of freedom, S is
the total number of complete responses to the given question, and C is the total number of
county / subgroup strata, i.e., C is twice the number of counties. The value of t was very close to

1.96 since the sample sizes were relatively large.

Direct Method

As a special case of the Indirect method, if we put z = 1 for households owning OHV’s

and z = 0 for other households, then Z estimates the Statewide proportion of OHV-owning
households. However, this estimate is unreliable because the unknown sampling weights are

themselves estimated from the surveyed county proportions of OHV-owning households.

A simpler and better estimate of the Statewide proportion of OHV-owning households is

obtained directly from the estimated county proportions:

Estimated California proportion of OHV-owning households
= PropOHV(CA) = . H(c) PropOHV(c) / 2c H(c)

Estimated Variance of PropOHV(CA)
= > [H(c))? [Var {PropOHV(c)}]* / [X H(c)]?

An approximate 95% confidence interval for the mean response is given by:

95% Confidence interval = Z+ t \Var

where t is the 97.5™ percentile of a Student’s t distribution with S — C degrees of freedom,
where S = 27,955 and C = 58, since there were 27,955 households in the main and screening

surveys (including screen-outs) and 58 county strata for the Direct method analyses.

The improved estimate of the OHV ownership proportion does not adjust for the
relatively slight biases of different numbers of telephone lines per household, but would be
expected to be less biased and have a more accurate estimated variance since the sampling
weights are known exactly for this Direct approach. For the telephone survey data the difference

between the two estimated proportions was quite small (5.77 + 0.33% based on the Indirect
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estimate, 2, and 6.01 £ 0.33% based on the Direct estimate); the variance estimates were

almost identical.

The Direct method could also have been used to estimate means and proportions for
other survey questions about the number of OHVs owned (overall or by vehicle type), since the
answers to those questions are also known for the screen-outs. However, since both methods
gave very similar results we chose to use the indirect method for all analyses except for

estimating the overall proportion of OHV-owning households.

An important issue is the definition of an OHV-owning household. Households were
asked Question 4 (See Component 1 Questionnaire in Appendix A), which asks whether or not
they own an OHV. They were also asked for details about their OHVs and street-licensed
vehicles. In the vast majority of cases these answers were consistent, but in a few cases (about
100) the respondent said Yes to Question 4 but we found out later on, usually based on the
comparisons with DMV registration data, that all the so-called off-highway vehicles that they
listed were not OHVs. One possible approach would have been to define an OHV-owner based
on their detailed responses about the OHV vehicles, so that a responder who actually had no

OHVs would be treated as a non-OHV-owner. The problems with that approach are:

e There may be a bias because not all households reporting OHVs could be found in the

DMV database, so that these corrections could only be made for some households.

¢ In the screening study, the screen-outs, who said they did not own an OHV, were not
asked any further questions, so those responses to Question 4 could not be checked

against the vehicle information.

o The survey weights were estimated using various numbers that included the proportions
of OHV-owners by county, which in turn were based on the answers to Question 4 rather

than actual ownership.

For these reasons, OHV-ownership was defined based on the response to Question 4
for the purposes of defining the strata and calculating survey weights. The responses to
Question 4 were also used to estimate the statewide proportion of OHV-owning households by

the preferred “Direct method,” as described above.

4.5.3. Estimating the Numbers of Telephone Lines
Our initial approach took into account the possibility of different telephone line ownership

rates for OHV-owning and non-OHV-owning households in each county. We found that overall
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the telephone ownership rates were very slightly higher for OHV-owning households. However,
in several counties there were very small numbers of OHV owners in the survey and substantial
variability in the numbers of telephone lines, leading to inconsistent, unreliable results:
estimates of OHV ownership differed significantly between the smaller main sample and the
larger screening sample and were inconsistent with registration data. It appears that in general,
by adjusting for differential telephone line ownership rates, the reduction in bias was more than
offset by an increase in variance. Therefore in our final approach for estimating the numbers of
telephone lines we decided to assume equal average telephone line ownership rates for OHV

owners and non-owners within each county.

Step 1. Estimate number of telephone lines in each county

An unbiased estimate of the number of households in the county is

Estimated Households (county) =

{Telephones (county) / n (county)} x X, [1 / Telephones (u)]

assuming n(county) telephone lines were selected in that county, excluding the screen-outs,
and household u in the combined sample has Telephones (u) land telephone lines. The
unbiasedness follows from Theorem 1 given below in Section 4.5.4, applied to a single stratum

(L = 1) consisting of all telephone lines in a single county by substituting
Xhi = 1/ Telephone lines in household u, assuming telephone line i is in household u.?

This assumes that the number of telephone lines in the county is known. Although in fact
the number of telephone lines is not known, the number of households is known so we can

invert this equation to give:

Estimated Telephones (county) =

Households (county) x n (county) / 2, [1 / Telephones (u)]

In other words, the estimated number of telephone lines equals the total number of households
in the county divided by the sample mean of the reciprocal of the number of telephone lines per
household. Equivalently, the number of households in the county is multiplied by the harmonic

mean number of telephone lines per household.

" The sum of Xy across all telephone lines equals the total number of households with at least one telephone line.
Households without telephone lines are ignored for this calculation.
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For this calculation, the data from the screened-out responders in the screening survey
could not be used since the numbers of telephone lines for those households were not obtained.
The values of n(county) and the sum of the reciprocals of the numbers of telephone lines were
both based on the combined survey, i.e., the main survey together with the OHV owners from
the screening survey. Including the OHV owners from the screening survey increases the bias
because of possible differences between telephone line ownership for OHV-owning and non-

OHV-owning households, but reduces the variance because of the larger sample size.

An additional complication was that a few households did not answer the question about
the number of household telephone lines. For these telephone line calculations and for the
calculations of the household sampling weights, we replaced the missing numbers of household

telephone lines by the mean number of lines for the given county.

Step 2. Estimate fractions of OHV-owning households in each county

The screened-out non-OHV-owners from the screening survey were not asked about the
numbers of telephone lines. One approach for estimating the fractions of OHV owning
households in each county would be to treat the county as a single stratum and apply Theorem
2 in Section 4.5.4 to only the main survey responders in that county, which would unbiasedly
adjust for differences in the numbers of telephone lines per household. However, that approach
uses a much smaller sample, and, hence, has a much higher variance, than the selected
approach that uses all the main and screening survey respondents including the screen-outs.
Call this set of 27,955 respondents (14,276 from the main survey and 13,679 from the screening
survey) the “full” survey. The selected approach treats all these respondents as being a stratified
random sample of households (rather than being a stratified random sample of telephone lines),

giving results expected to be slightly biased but much more precise.

To estimate the fraction of OHV owners from the full survey, we simply took the fraction

of OHV-owning households in the sample:

Fraction OHV-owners (county) = PropOHV(county)
= # OHV-owning households in full survey / # households in full survey

= h(county) / nall(county)

Step 3. Estimate numbers of telephone lines in OHV-owning and non-OHV-owning households

in each county

The results from Steps 1 and 2 are combined:
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N(county, owner) = Estimated Telephones in OHV-owning households

= Estimated Telephones (county) x Fraction OHV-owners (county)

N(county, non-owner) = Estimated Telephones in non-OHV-owning households

= Estimated Telephones (county) x {1 - Fraction OHV-owners (county)}

4.5.4. Estimating Means and Totals
In this section we derive the formulae presented earlier in Section 4.5.2. Statistical
theory for estimating means and totals using stratified simple random samples is given in
standard textbooks on survey sampling theory. Our analyses use three theorems about
estimating totals and ratios which are presented following the establishment of some notation.

Readers uninterested in the detailed mathematical theory should skip this section.

Assume we divide the population into L strata. Stratum h has N, members. A sample of
size ny is selected from stratum h at random without replacement. The values of variables X and
Y on the i'th unit from stratum h are denoted by X, and Y. The population stratum totals,

means and variances and the overall totals are given by:
Ny Ny
Stratum population totals : X, = > X,;,Y, =YY,
i=1 i—1
Stratum populationmeans : X, = X, /N,,Y, =Y, /N,
Np, Np

Stratum population variances : S5, = > (X, = X, /N, =1), 82 =D (Y, =Y, /(N = 1)

i=1 i=1

L L L
Overalltotals :N =Y N,, X = > X,,Y =>°Y,
h=1 h=1 h=1

The corresponding stratum sample estimates are given by:

Stratum sample totals 1 x, = > X, y, = Yy,
i—1 i—1
Stratum sample means : X, = X, /n,, Y, =Y, /n,
Stratum sample variances :s% = > (X, — X, )’ /(n, = 1), 8% =D (Y, =¥, ) /(n, = 1)
i=1 i=1

(Here we use the standard notation that the population has been reordered so that the first nj

units in stratum h were in the random sample.)
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Theorem 1. (Results 5.1, 5.2, 5.3, 5.4, and 5.5 of Govindarajulu (1999)%).

Assume the values of Ny are known. An unbiased estimate of the population total X is

given by
R L
X =>'N,X,
h=1
The variance of this estimate is given by
R L
Variance (X)= > N, (N, —n,)S% /n,
h=1
An unbiased estimate of the variance is given by

R L
Estimated Variance (X) = ZNh(Nh -n,)s2 /n,

h=1
Theorem 2. (Remark 6.4 and Result 6.5 of Govindarajulu (1999)).

Assume the values of N, are known. An approximately unbiased estimate of the

population ratio R = Y/X is given by the combined estimated ratio

The variance of this estimated ratio is approximately given by

Variance (R) = ZL:Nh(Nh -n,)SZ /n,
where h

SZ = _NZh1(Ehi ~E,)’ (N, -1)

E. :(;hi -RX,, )/ X

_ Nh
E, =2Ehi IN,
i=1

An approximately unbiased estimate of the variance is given by

3 Govindarajulu, Zakkula, 1999. Elements of sampling theory and methods. Prentice Hall, New Jersey.
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N L
Estimated Variance (R)= > N, (N, —n,)ss /n,
h=1

where
Sdh Z(Dm - _1)
:(Yhi - Xhi)/k

Ny
=> Dy, /n,
i=1
Theorem 3. Taylor Series.

Assume the values of Ny are unknown but are estimated by Nh, independently of the

X’s and Y’s. An approximately unbiased estimate of the population ratio R = Y/X is given by the

combined estimated ratio

L

RV 1% = 38,5, 13K,

~

An approximately unbiased estimate of the variance of the estimated ratio is given by

Estimated Variance (R) = ZL: N, — n,)sz /n, +V
where h
sa, = Z(Dh. —d,)?*/(n, - 1)
D, =(Y, -R xhi)/>2
d = iDhi In,
- L

V:Var(z » —RX,) /XJ

~

In the last equation for V, only the terms N, are treated as uncertain; the other terms
Y, X,,and R are treated as known. The proof of Theorem 3 is an extension of the standard

proof of Theorem 2 using Taylor's theorem to approximateF\A’ as a linear combination of

Y. X,,and NAh. For this linear combination, the coefficients of y,,X,,and Nhare the partial
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derivatives of R with respect to \7h )?h, andN, . As in Theorem 2, the first term in the estimated
variance is obtained by partially differentiating the ratio R with respect to\?h and with respect to

X,. The second term, V, is the variance of the sum across strata of Nh times the partial

derivative of R with respect toN, . The independence assumption avoids the need for extra

terms to account for the covariances between the Y, X terms and the Nh term.

Estimating the mean response
The formulae given in Section 4.5.2 for estimating the mean response to the telephone
survey follow from applying Theorem 3 to the telephone survey “combined” data as discussed

below.

Let stratum h be the combination of county ¢ and subgroup A. The population is the set
of California residential land telephone lines.?® The sample size ny, is random and not fixed in
advance, since the OHV ownership status of a respondent is not known before they are
questioned. Therefore Theorem 3 does not directly apply because we did not have a stratified
random sample from the set of OHV-owners’ telephone lines in each county and the set of non-
OHV-owners’ telephone lines in each county. However, the mean and variance formulae in
Theorem 3 can be applied conditionally on the observed sample sizes, n;, and the argument
given at the end of this section explains why the same formulae estimate the unconditional

mean and variance. We will therefore treat the n;,, as fixed values.

Unit i in stratum h is the i'th selected telephone line from that stratum. Assume this unit is

from household u, so that u depends upon i. Define Xy and Yy, by
Xhi =1/ Telephones (u, c, A)
Yhi = 2z(u, ¢, A)/ Telephones (u, c, A)
X and Y are the sums of Xy and Y}, across all telephone lines in California. Therefore

X = ZC ZA Zu Ztelephones inu 1 / Telephones (u’ C, A) = Zc ZA ZU 1
= Total number of households in California

% Since the telephone survey was only of households with land telephone lines, the estimated means and
proportions apply only to residences with one or more land telephone lines. On common-sense grounds, it is not
unreasonable to assume that residences with other telephone lines (e.g. mobile telephones only) would behave
similarly, but the relatively few residences without any telephone lines might be expected to respond differently.
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Y = Zc ZA Zu Ztelephones inu Z(U, C, A) / Telephones (u! C, A) = Zc ZA Zu Z(ua C, A)

= Total of z across all households in California

Therefore the unknown ratio R = Y/X is the arithmetic mean of z across all households in

California, i.e., the true mean response.

The estimated, weighted mean response is given by

~ ~ L

Z-R-VIX=Y A3 j

For the numerator, we have

L. L N ny L " n,
DN, =D (N /0Dy =D (N, /n )Y z(u,c, A)/ Telephones (u,c, A)
h=1 h=1 =1 h=1 i1
L ny
= z(u,c, A)xw(u,c,A)=>" > > z(u,c,A)xw(u,c,A)
h=1 i=1

using the definition of the sampling weight w(u, c, A) given in Section 4.5.2:
w(u, ¢, A) = N(county, A) / {n(county, A) x Telephones (u, c, A)}

For the denominator, we have

"N, % i N, /n,) me i(r\]h/nh)nzthelephones(u,c,A)
h=1 h=1 h=1 i=1
:thw(ucA =2, W(u,c,A)
h=1 i=1
Therefore

Mean response = 7= 2c2a 20 z(u, ¢, A)w(u, c, A)/ 2 2a 2w W(U, c, A)

The estimated variance is also obtained from Theorem 3.
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~

Estimated Variance (Z) = N, (N, —n,)ss /n, +V

L
h=1
where

Sgh = Z(Dhi _ah )2 /(nh -1)
i=1
D, = (Y, —RX,; )/ X =(z(u,c, A)—Z)/{Telephones (u,c, A) X} = e(u,c, A) n, /N,
= ZhDhi In,
i=1

L ~ ~ ~

Y :Var(ZNh(Vh -RX, )/ XJ
h=1

Other than the calculation of V, the formula for Var given in Section 4.5.2 easily follows. The

calculation of V is given next.

Calculation of Variance Correction Term, V
The application of Theorem 3 to estimate the variance of the mean response assumes
that the numbers of telephone lines in the strata are estimated independently of Y and X.

However, as shown in Step 3 of Section 4.5.3, the estimated populations in the strata are given

by:

Nh = Estimated Telephones (county) x PropOHV(county),
if stratum his the OHV - owners in the county, and

Nlh = Estimated Telephones (county) x {1— PropOHV(county)},
if stratum his the non - OHV - owners in the county.

The value of Estimated Telephones (county) is estimated from the numbers of telephone
lines in each surveyed household. The value of PropOHV (county) is the estimated proportion of
OHV-owning households in the county, which is estimated from the main survey and screening
survey, including screen-outs. Since both these values are to some extent associated with Y
and X, violating the independence assumption, the correction term V does not fully adjust for the
uncertainty of the sampling weights, but should provide a correction term that is a reasonable
first order approximation for most survey questions. The correction term itself was usually

relatively small.

From Theorem 3 and the last two equations,
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L A
V =Var (Z )/ X] =Var (ZC A(c)x PropOHV(c) + Constant)/ X2

= > A(c)*Var (PropOHV(c))/ X 2

where

~

+RX

c,non—owner )

A(c) = Estimated Telephones(c) x (y RX

yc,owner - c,owner yc,non—owner

and

- RXc,non —owner )

Constant = Estimated Telephones(c) x

(y ¢,non—owner

(Recall that in the equation for V from Theorem 3, only the terms Nlh are treated as uncertain;

the other terms vy, , X,,,and R are treated as known.)

We can now simplify A(c) as:

~

+RX

C,non-owner )

A(c) = Estimated Telephones(c)x (Y guner — F\A’YC’OWner ~Y ¢ non—owner
= Zi (Yecomneri — Fﬁxclowner‘i )/ N ouner % Estimated Telephones(c)

= > (Y eon-owners ~ R¥enon ouners )/ N non_ouner  EStimated Telephones (c)

= zi (Z; ¢ owner — R)/ N, ouner X EStimated Telephones(c)/ Telephones(i,c,owner)

- Zi (Z; ¢ non—owner — R)/ N non-owner X EStimated Telephones(c)/ Telephones(i,c,non - owner)
= > (Zi s omer — R)XW(i,C,owner)/ PropOHV(c)

=" (Zi ¢ non-ouner — R)xW(i,c,non —owner) {1-PropOHV/(c)}

The last equation for A(c) follows from the definition of the estimated sampling weights. Finally,

the estimated variance of PropOHV = h(c) / nall(c) for county c is given by

Var (PropOHV(c)) = {H(c) — nall(c)} PropOHV(c) {1 — PropOHV(c)}
/{(nall(c) — 1) H(c)}

which follows from Theorem 1, taking L = 1 stratum and letting
Xhi = 1 if household i is an OHV-owning household; = 0 otherwise.

The formula for V given in Section 4.5.3 easily follows from the above calculations.
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Estimating the Unconditional Mean and Variance

The above theory assumes that the stratum sample sizes, ny, are fixed and not random.
However the stratum sample sizes are the numbers of sampled OHV owners and non-owners in
each county, which were not chosen in advance; only the total number sampled per county was
chosen. We can ignore the very small probability of selecting one or fewer telephone lines in a

stratum, so that all the mean and variance equations are well-defined.

Since each and every set of ny, telephone lines from stratum h has the same probability

of being selected, all of the above theory is still valid for the conditional mean and variance

given the stratum sample sizes. Therefore, the estimated mean response, 2 , is an
approximately unbiased estimate of the population mean Z given all the stratum sample sizes.

The estimated variance of the mean response,

"Var" = Estimated Variance (Mean response)
=Y. Yan(c, A) {1 —f(c, A}/ {n(c, A) — 1} x X, {e(u, c, A) — &(c, A)f’ + V
is a function of the survey data and the random stratum sample sizes n(c, owner) and n(c, non-
owner). From the above theory, "Var" is an approximately unbiased estimate of the variance

of Z given all the stratum sample sizes. Mathematically,

E(Z|n, forallh)=Zz
Var(ﬁ | n, forallh)=E("Var"|n, for allh)

Using well-known results about conditional means and variances,

E(Z)=E_{E(Z|n, for allh)} and
Var(Z)=E, {Var(Z | n, for allh))+Var, {E(Z |n, forallh)},

where E, and Var, denote the expected value and variance over the distribution of the random

stratum sample sizes. The conditional mean of Z is approximately equal to the same population
value, Z, for all stratum sample sizes, so its expected value over the distribution of the stratum
sample sizes is approximately Z and its variance over the distribution of the stratum sample

sizes is approximately zero. Mathematically,
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E(Z)=E {E(Z|n, forallh)}=E, (Z)=2Z,and
Var(ﬁ) = En{\/ar(ﬁ | n, forall h))+Varn{E(2 | n, forallh)}
= E_{E("Var"|n, forallh)} +Var, (Z)=E("Var").

Therefore, unconditionally on the random stratum sample sizes, the estimated mean response,

A

Z , is approximately unbiased, and "Var" is an approximately unbiased estimate of the variance

of the estimated mean.

4.5.5. Estimating Ratios
This section presents the formulae for estimating ratios of means and their uncertainties.
A typical example of a ratio of means is the California percentage of owned OHV motorcycles

used for recreation. By definition, this fraction equals

California fraction of OHV motorcycles owned and used for recreation
= Total number of OHV motorcycles owned and used for recreation /
Total number of OHV motorcycles owned
= {Total number of OHV motorcycles owned and used for recreation /
Total Households} / {Total number of OHV motorcycles owned /
Total Households}

= {Mean number of OHV motorcycles owned and used for recreation per

Household} / {Mean number of OHV motorcycles owned per Household}.

Thus the California fraction of owned OHV motorcycles used for recreation is
expressible as the ratio of two population means, the population mean number of owned OHV
motorcycles used for recreation and the population mean number of owned OHV motorcycles.
The sample estimate is the corresponding ratio of the estimated weighted mean responses from

the survey.
In general, the estimated ratio equals
Mean ratio = S = Y, Yo Yu z(u, ¢, A) W(u, ¢, A) / Yo Yo T t(u, €, A) x W(u, c, A)

where z(u,c,A) and t(u,c,A) are the observed numbers for household u, county ¢ and the
owner/non-owner subset A for the numerator and denominator variables (e.g., number of owned

OHV motorcycles used for recreation and number of owned OHV motorcycles).
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To calculate the variance of the estimated ratio, exactly the same arguments from

sections 4.5.2 — 4.5.4 can be applied except that X, is redefined to be
Xhi = t(u, c, A)/ Telephones (u, c, A)

The previous formulae become a special case of the following formulae with t identically equal

to one.
The estimated variance of the mean ratio is given by the formula:

Var = Estimated Variance (Mean ratio)
= Zc ZA n(C! A) {1 - f(C’ A)} / {n(C, A) - 1} X Zu {e(u’ C, A) - é(C, A)}z +V

f(c, A) is the sampling fraction:
f(c, A) =n(c, A)/ N(c, A)

e(u, ¢, A) is an error term, with stratum mean &(c, A):
e(u, ¢, A) =w(u, ¢, A) {z(u, ¢, A) — S t(u, c, A} / e Sa 2w W(u, ¢, A) t(u, c, A)
é(c, A) =2, e(u, c,A)/n(c, A)

V is a correction term to account for the uncertainty of the estimated sampling weights:

V- {1/{20 3 3 w(u,c,A)tu,c,A)f }x 3" Var(PropOHV(c)) x

> (z(u,c,owner)- S t(u,c,owner)) w(u, ¢, owner)
PropOHV(c) B
Znon_owner(z(u, C,Nnon - owner) - S t(u,c,non -owner) ) w(u, ¢, non - owner)
1-PropOHV(c)

4.5.6. Missing Responses
Although many of the questions were answered by all of the 15,691 respondents, there
were some questions where some responses were missing. This section describes how those
responses were analyzed. We assumed that the responses were missing at random, so that
whether or not a response is given is statistically independent of any other information on that
respondent.
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For a given question, if the responses are missing at random, one way to analyze the
available data is to treat the households responding to that question as a stratified random
sample. All of the above equations are valid provided that all the counts, sums and weights refer
only to those respondents answering the question of interest. In particular, n(county, A) is the
number of households in subgroup A (OHV-owner or non-OHV-owner) of a given county that
responded to the given question. Under this approach, the sampling weight will vary depending

upon the question because the sampling weight is defined to be:
w(u, ¢, A) = N(county, A) / {n(county, A) x Telephones (u, c, A)}
and n(county, A) is the number of nhon-missing responses to the given question.

To make the calculations simpler, we instead decided to use the same set of sampling
weights for every question, regardless of the number of non-missing responses. For a given
question, let n(county, A) be defined as the number of households in subgroup A (OHV-owner
or non-OHV-owner) of a given county that responded to the given question. Let n*(county, A) be
defined as the number of households in subgroup A and the given county that were included in
the survey, whether or not they answered the question of interest. (n* could equally be defined
as the number responding to the first question: what is your zip code?). Thus the true sampling

weights are replaced by the fixed sampling weights

w*(u, ¢, A) = N(county, A) / {n*(county, A) x Telephones (u, c, A)}
= w(u, ¢, A) x n(county, A) / n*(county, A)

and so,
w(u, c, A) = w*(u, c, A) x n*(county, A) / n(county, A)

If (100 x p)% of the values are missing at random, then each of the n*(county, A)
respondents independently has a probability p of not responding, so that the expected value of
n(county, A) equals n*(county, A) x p for every stratum. Therefore the expected value of the
fixed sampling weight w*(u, ¢, A) equals p times the expected value of the true sampling weight
w(u, c, A). If every w(u, c, A) term is replaced by w*(u, c, A), then the estimated mean response
and its estimated variance will still be approximately unbiased for the true mean response and
the true variance of the estimated mean. (Since each sampling weight appears in both the

numerator and denominator of the mean and variance formulae, the p factors will cancel).
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This simple analysis shows that the previous formulae for estimated means, ratios, and
their variances are still approximately correct even if the sampling weights or the given question

are not adjusted for the missing responses.

4.6. Component 1 Questionnaire

A questionnaire is a measurement tool. Just as a scale measures weight and a ruler
measures length, questions in a survey are meant to measure behaviors, opinions and other
characteristics of a respondent and/or their household. One of the challenges for any survey,
therefore, is to include questions that produce valid®® and reliable®' measures of the behaviors,
opinions and other characteristics of interest. Since there are many possible sources of
measurement error (priming effects, position order effects, wording effects, response category
effects, etc.),32 the ICF team of ICF International, True North Research and University of
California Davis took great care in designing the Component #1 survey to avoid and/or minimize
these potential sources of error. This was especially true when developing measures for key
concepts including off-highway driving and driving in public areas. As shown in the Component
#1 questionnaire (see Appendix A), all key concepts were carefully defined for respondents.®
The ICF team worked closely with State Parks, Caltrans, and members of the OHV
Stakeholders Roundtable in drafting, refining and finalizing the survey instrument for the

Component #1 Study.

4.7. Language Translation

From a methodological perspective, it was important to translate the Component #1
questionnaire into languages for which there was a substantial percentage of California
households that did not have at least one adult who speaks English well. Of course, it was cost
prohibitive and statistically unnecessary to translate the questionnaire into each of the more
than 150 languages spoken by California residents. An in-depth review of 2000 Census data
revealed that among all individuals over the age of 5 in California, 8% speak Spanish and don't

also speak English "well", 2% speak an Asian language and don't also speak English "well", and

%0 Validity refers to the degree to which a question actually measures the underlying attitude or construct that it was
designed to measure.

31 Reliability refers to the degree to which the observed results for a survey question are free of measurement errors
and thus accurately measure the true value among the survey participants.

%2 For a discussion of possible sources of measurement error in surveys, see Howard Schuman and Howard Presser,
Questions & Answers in Attitude Surveys, Sage Publications: Thousand Oaks, 1996.

% Rather than simply leaving it up to the respondent to understand what qualifies as public land, for example, the
questionnaire presented respondents with each of the various types of public lands and asked whether they had
driven off-highway on each type (see Question 11).
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less than 1% speak another language and don't also speak English well.**

Accordingly, once the
Component #1 questionnaire was finalized, the instrument was professionally translated into
Spanish and the four most commonly spoken Asian languages: Cantonese, Mandarin, Tagalog

and Vietnamese.*®

4.8. CATI & Pre-Test

Once finalized and translated, the questionnaire was CATI (Computer Assisted
Telephone Interviewing) programmed to assist the live interviewers in correctly navigating the
skip patterns and recording answers, and to enable answers from prior questions to be
automatically piped into subsequent questions or answers, where appropriate. The CATI system
also ensured that the appropriate number of callbacks were made for each number at the

appropriate times.

Once the CATI was tested internally, the survey was pre-tested with a sample of 30
California households prior to actually fielding the study to ensure that respondents could easily
understand the point of each question, the response options matched what respondents wanted
to answer, and that the skip patterns and CATI logic were correct. Minor adjustments were

made to the interviewing instructions based on the pre-test.*

4.9. Interviewer Training

Prior to fielding, Dr. McLarney of True North Research attended a training session with
interviewing staff and supervisors of Mountains West Research Center to explain the purpose of
the study, clarify the meaning of all of the questions asked in the survey, and prepare them for
the types of answers they can expect and how to record them appropriately. Each interviewer
also conducted several practice interviews with a supervisor and Dr. McLarney to ensure that

they understood how to conduct the interviews appropriately.

4.10. Quality Control

In addition to CATI programming the instrument, conducting the pre-test and training
interviewers, there were a number of quality control procedures during data collection to identify

and correct for any problems that arose. The procedures included direct and remote supervisor

3% Census 2000, Summary File 3, Table QT-P17.

% |t should be noted that these were the only Asian languages that were spoken by at least one percent of the
California population (Census 2000, Summary File 3, Table QT-P16).

% Some respondents reported jet skis or other watercraft as an OHV. In these cases, interviewers were instructed to
clarify that OHVs do not include watercraft.
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monitoring of interviewing as it occurred. Supervisors listened to calls with a headset and also
walked the floor to monitor interviews as they occurred. Each interviewer was rated by a
Supervisor on a monitoring form each night, to ensure they were following procedures and
conducting the interviews in a professional manner. Random supervisor callbacks were
conducted on 10 percent of interviews to confirm that the interview was conducted correctly.
Daily progress reports regarding the disposition of calls made the previous night and to-date
and weekly monitoring of the sample characteristics to ensure that the sample matched the
profile established for the study were additional quality control procedures. One of the
advantages of using a CATI system was that it automatically generated the data file. This not
only reduced the opportunity for "human error" associated with a second keypunching phase
typical of non-CATI surveys, it also allowed True North Research to receive weekly data files
from the data collection facility during the data collection period so that the sample

characteristics and answers to the survey could be closely monitored.

4.11. Data Collection

Component #1 interviews were conducted via telephone between July 28 and December
10, 2003. Phone calls were conducted in the evenings (5PM to 9PM) during weekdays and
between 10AM and 5PM on weekends. Five attempts to complete an interview were made for
each phone number identified in the sample unless a completed interview had already occurred,
the person refused to participate, or the number was determined to be an invalid phone number.
The timing of follow-up calls was rotated to avoid systematically calling a household at a specific
time that may conflict with their daily routine. This minimized the chances that the interview

would not be completed due to "bad timing".

Table 4-3 presents the disposition of all calls made during the Component #1 fielding
period. Note that the frequencies shown in the table reflect the number of dialings -- not the
number of unique phone numbers called. The Main column corresponds to the Main Sample
which included OHV-owning households as well as households that did not own an OHV. The
Screening column reflects the dialings that were made as part of the mutually exclusive effort to

over sample for just OHV-owning households (see Section 4.4).
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Table 4-3. Call Disposition

Dialings
Call DiSpOSitiOl’] Main Screening
No Answer 351,766 565,607
Busy Signal 30,241 47,403
Not Available 31,862 35,532
Callback 3,298 2,280
Non-working/Disconnected 57,966 40,013
Business/Non-Residential 9,391 10,691
Language Barrier 7,099 5,896
Fax/Data Line 11,012 10,770
Refusal - Soft 30,520 39,541
Refusal - DNC & Hard 10,062 14,464
Respondent Terminate 1,397 157
Interviewer Terminate 112 79
Not Qualified/Over Quota 56 79
Non-Qualified - Non-OHV Household - 12,264
Complete - Non-OHV Household 13,234 -
Complete - OHV Household 1,042 1,415
Total Completed Interviews 14,276 1,415

4.12. Incentives

No incentives were used to encourage participation in the Component #1 survey,
although vehicle-owning households were informed of the cash incentives associated with the
Component #2 survey at the conclusion of the interview as a way to encourage participation in

that survey.

4.13. Data Processing

As noted above, True North Research received weekly data files from the data collection
facility beginning the first week of interviewing so that potential problems with the data could be
identified early and adjusted for. Data processing and cleaning at this stage consisted of
checking each of the variables identified in the survey for completeness and distribution,
examining whether there were any logical inconsistencies between the values shown for
specific variables, and producing cross-tabulations and descriptive statistics. If needed,
callbacks to specific households were conducted to clarify an answer. Once data collection was
complete, True North Research recoded variables and derived new variables, as needed, based

on the clean data file.
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4.14. Determination of Non-Registered Off-Highway
Vehicles

The telephone survey resulted in 2,431 households owning a total of 4,898 OHVs.* In
addition, 4 households that did not report that they owned an OHV in the telephone survey, but
purchased one between the time of the telephone survey and the fuel use log survey and
reported on that vehicle. The names and addresses of the OHV owning households were
compiled and sent to Robert Cenzer to find the households in the DMV OHV dataset. Cenzer
used the first letter of the person’s name and the zip code for the first data cut. He then sorted
by last name and matched the records if the name and zip code matched. He then compiled a
list of OHVs owned by the household and sent it back to ICF International for matching to the
telephone survey. If the name and address could not be found in the DMV OHV data set, the
street licensed motorcycle DMV data set was reviewed and if found, a list of street licensed
motorcycles for the household was generated. If still no match, the street licensed vehicle data
set was searched for the person’s name and zip and a list of street licensed vehicles was
generated for those found. The reverse telephone directory was used to correct misspellings of
names and address where possible. DMV did not provide the off-highway vehicle data set until
October 2004, so the survey done in the later half of 2003 had to be compared against the
October 2004, April 2005 and October 2005 file passes. A file pass is when DMV takes a
snapshot of its registration databases and sends it to Cenzer for analysis. While this presented
some mismatch in the time period analyzed, registered vehicles are kept in the DMV database
for a period of 5 years if not renewed. Thus using the later file passes produced the necessary

information needed for the analysis.

The file passes were used to generate a list of vehicles for the found households. The
OHVs described during the telephone interviews for those households were matched using the

following matching parameters:

Exact Match (E). If the vehicle type and model year matched that claimed by the

interview respondent, it was considered an exact match.

Near Match (N). If the vehicle type was the same, but the model year was within 3

years of the one claimed by the interview respondent, it was considered a near match and the

37 Twenty six households were removed in the cleaning process because they did not actually own an OHV.
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same vehicle. This is because many people cannot remember the model year of their off-

highway vehicles exactly.

Replacement Vehicle (R). If the vehicle found in the DMV datasets was more than 3
years newer than the vehicle claimed, and the vehicle claimed could not be found, the new
vehicle was considered a replacement vehicle for the one not found. In some cases a different
type of vehicle replaced the old one, such as the person claimed they had a 1993 ATV and we
found a 2000 registered motorcycle in the DMV database but no 1993 ATV.

Mistaken Type (M). If the interview respondent claimed they had a motorcycle and we
did not find a motorcycle but found an ATV of the same or near model year, we considered this
scenario a mistaken identity. Because we spoke to someone in the household that may have
not been the owner of the vehicle, there may be confusion about vehicle types. This was also
true for claimed ATVs and found motorcycles. The largest confusion was in two categories,
“Extreme 4x4” and “Off-Road Cart”. The Extreme 4x4 vehicle type was found by searching the
DMV data to be a number of possibilities. It was originally defined as an off-road (non-street
licensed) truck or SUV, but many confused this with street licensed 4WD trucks and SUVs as
well as with ATVs. The “Off-Road Cart” vehicle type was found in many cases to be either a
dune buggy or an ATV. It was intended to capture off-road golf carts. In these cases, the

correct vehicle type was used and the match code set to Mistaken Type.

Duplicate (D). In a number of cases where the interview respondent had responded
that they had an Extreme 4x4 or a non-street licensed Other of a given model year during the
non-street licensed portion of the interview, a street licensed 4WD truck or SUV was also
mentioned of the same model year during the street licensed part of the interview. In some
cases the people even told us the Extreme 4x4 was an SUV or pick-up truck. While it is
possible that people could own a non-street licensed vehicle and a street licensed vehicle of the
same model year, the occurrence of this was much too frequent to assume it was a
coincidence. In this case the vehicle not found in the DMV data set was eliminated and the one
found was counted. In most cases the Extreme 4x4 turned out to be a street licensed truck or
SUV.

Verified Non-Registered (V). A vehicle was considered verified non-registered if the
household was found in the DMV database as owning a street licensed or non-street licensed
vehicle, but the vehicle in question could not be found under the above matching parameters.

In this case the vehicle was assumed non-registered.
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Added Vehicles (A). If we found additional vehicles in the DMV datasets registered to
the household but weren’t discussed during the interview, we added them to the household list if
they were model year 2004 or older. We excluded vehicles newer than 2004 because they

would not have existed at the time of the interviews.

In some cases the matched vehicle was not currently registered at the time of the
interview but still existed in the DMV datasets. Generally DMV keeps vehicles that were once
registered but their registrations have lapsed for a period of about 5 years. If the vehicle had a
lapsed registration of the time of the interview, it was considered non-registered. The other
case which was found was that the vehicle was registered as non-operation. A permitted non-

operational vehicle was considered registered.

Households that could not be found in the DMV data base were ignored in calculation of
registered versus non-registered vehicles. There were several reasons for why households

could not be found. These included:

Bad Address (B). Some interviewees did not provide last name or address information
and others provided incomplete information. In these cases, we could not find them in the DMV

data sets and they were ignored in determination of registered or non-registered vehicles.
Other possible reasons for the household not showing up in the DMV data sets include:
e The name or address was misspelled
o We were given an incorrect name and address

o The person that owned the vehicles lived at a different address or had a different

name than the person that answered the phone
e The person only owned out of state vehicles
¢ All the person’s vehicles (including street vehicles) are unregistered

We first tried to find the person in the reverse telephone directory and correct
misspellings and incorrect information. If we still could not find the household, it was ignored.
The only one of the above reasons that would guarantee them to be non-registered is the last

one which is the least likely.

In addition, we rejected vehicles for two reasons:
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Closed Course Vehicle (C). The interview respondent indicated that this vehicle was
used for close course competition only. Since State Parks does not get tax revenues for
vehicles that would not need to be registered, such as race vehicles used in closed course

competition, these vehicles were also not counted in the non-registered vehicle determinations.

Rejected Vehicle (J). Vehicles that were obviously not recreational vehicles such as
dump trucks, farm tractors, semi trucks, property maintenance vehicles and construction

equipment were also rejected from the counts.

With the added vehicles, there were 5,204 suspected non-street licensed vehicles. Of
those 176 turned out to be street-licensed vehicles, 192 were determined to be closed course
vehicles and 37 were rejected as not recreational vehicles. The remaining 4,799 were matched

as shown in Table 4-4.

Table 4-4. DMV Matching

Match Vehicles
Exact 895
Near 578
Replacement 334
Mistaken 40
Added 306
Verified NR 1,141
Bad 370
Not Found 1,135
Total 4,799

Because of the very long delay (over 2 years) between the interviews and the resolution
of DMV OHV data to do the matching discussed above, ICF International realized that call-
backs to selected households would be neither cost-effective nor meaningful other than
providing limited anecdotal data. The DMV data provided useful information on whether
households had registered vehicles. Since it was unlikely households would admit to having
non-registered vehicles, particularly if they reported fuel use during the fuel use log book survey,
and since most people would have a very selective memory two years back as to their vehicle
ownership and registration status, it was decided not to do call backs to question people about

non-registered vehicles.
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5. Fuel Use Log Book Survey

Component #2 of the ICF International Study consisted of a fuel use log book survey of
15,809 vehicles in California selected in a random manner using a stratified probability sample
from the DMV vehicle registration database.® Non-registered OHVs were sampled from all

households identified in Component #1 that were determined to own a non-registered OHV.
The principal research objectives of the Component #2 survey were to:

. Derive the average monthly gasoline consumption for each type of vehicle being
used for off-highway recreation in California on public lands, distinguishing

between "driving to recreate" and "for the purpose of recreation".

° "Estimate the recreational activities (pursuits) that vehicle operators engage in
while driving off-highway in California on public lands to access recreation or for

the purpose of recreating.

. Identify the recreational destinations (geographically) that vehicle operators visit
while driving off-highway in California on public lands to access recreation or for

the purpose of recreating.

. Collect all of the above information using a sampling plan that will allow the data to
be generalized (projected) to the entire fleet of vehicles in California in a

statistically reliable manner.

5.1. Methodology Overview

Component #2 of the study consisted of a fuel use log book survey of 15,809 vehicles in
California selected in a random manner using a stratified probability sample from the
Component #1 survey and from the DMV vehicle registration database. Surveys were
administered in six consecutive, two month periods (waves) beginning in April 1, 2004 and
ending one year later on March 31, 2005. For a selected vehicle, respondents were asked to
provide information about the vehicle and record the off-highway driving activity of that vehicle

for a two-month period. Of particular interest was the distance traveled off-highway, the amount

% The first wave of vehicles was selected from households that participated in the Component #1 survey. The
remaining five waves were selected from the DMV database. All non-registered OHVs were recruited during the
Component #1 survey.
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of fuel consumed, as well as the nature and location of recreational activities associated with the
off-highway driving. The log book was designed to collect the information needed to populate

the Dynamic Fuel Tax Model.

The following sections provide additional details about the methodologies used in the

Component #2 survey, as well as the motivation for using certain techniques.

5.2. Vehicle Types Surveyed

In order to better define vehicle types used in the survey, 11 street licensed vehicle
types replaced the 5 defined in the 1990 Study. This provides further refinement to the dynamic
tax model to be developed. The new street licensed (SL) vehicle types are shown in Table 5-1

and compared with the previous 1990 Study vehicle types.

Table 5-1. Street Licensed Vehicle Types

ICF Study 1990 Study
Car 2WD Regular
Car 4WD
SUV 2WD
Truck 2WD 2WD
Van 2WD
SUV 4WD
Truck 4WD 4WD
Van 4WD
Street MC Motorcycle
Dual Sport MC
Other Other

There are two additional differences in the definitions above between the ICF
International Study vehicle types and the 1990 Study. First, street-licensed dune buggies and
Baja bugs were placed in the 2WD category in the 1990 Study. In the ICF International Study
they are placed in the SL Other category. Also in the 1990 Study, Tyler included vehicles with a
gross vehicle weight rating (GVWR) of 8,501 to 10,000 Ibs in the SL Other category, while ICF
International included those vehicles in the SUV, Truck and Van categories. Vehicles between
10,001 and 14,000 Ibs GVWR were included in the SL Other category in the ICF International
Study. Vehicles over 14,000 Ibs GVWR are too heavy to be recreational vehicles and thus are

not included in the vehicle counts.

The nine non-motorcycle street licensed vehicle types in Table 5-1 were matched to 25

DMV vehicle types as shown in Table 5-2. DMV categories included in each street licensed
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motorcycle vehicle type are shown in Table 5-3. ICF International kept the 5 non-street licensed
(NSL) vehicle types, namely Motorcycle, ATV, 4 Wheel Vehicle, Snowmobile and Other. DMV

categories included in each non-street licensed vehicle type are shown in Table 5-4. While not

an actual DMV category, go carts were mapped to the NSL Other vehicle type. Tyler had

mapped unlicensed street vehicles in the NSL Other category, while ICF International included

them in the 4 Wheel Vehicle category along with dune buggies, sand rails and off-road carts.

The mappings described in Tables 5-2 through 5-4 were used to generate lists of vehicles for

sampling.

Table 5-2. Street Licensed Vehicle DMV Mapping

Study
Vehicle
Types

DMV Vehicle Classes

Car

Car — Subcompact

Car — Compact

Car — Midsize

Car — Large

Car — Sport

Cross Utility — Small — Car

SUV

Cross Utility — Small — Truck

Cross Utility — Midsize

Sport Utility — Compact

Sport Utility — Midsize

Sport Utility — Large

Sport Utility — 8,501-10,000 GVWR

Van

Van — Compact
Van — Standard
Van - 8,501-10,000 GVWR

Truck

Pickup — Compact
Pickup — Standard
Pickup — 8,501-10,000 GVWR

Other

GVWR 3 Truck

Not
Included

GVWR 4 Truck
GVWR 5 Truck
GVWR 6 Truck
GVWR 7 Truck
GVWR 8 Truck
Neighborhood Electric Car

ICF International
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Table 5-3. Street Licensed Motorcycle DMV Mapping

Vehicle Type

DMV Vehicle Classification

Dual Sport
Motorcycle

All Terrain

Dirt

Enduro

Mini Moto Cross
Mini Road Trail
Moto Cross
Racer

Road Trail

Trail

Trail Dirt

Street
Motorcycle

Mini Bike

Mini Cycle

Road Street
Moped

Motor Cycles Other
Motor Scooter

Table 5-4. Non-Street Licensed Vehicle DMV Mapping

Vehicle Type

DMV Vehicle Classification

Motorcycle

Dirt

Enduro

Mini Bike

Mini Cycle

Mini Moto Cross
Mini Road Trail
Moped

Motor Cycles Other
Motor Scooter
Moto Cross
Racer

Road Street
Road Trail

Trail

Trail Dirt

ATV

3 Wheel Vehicle
4 Wheel Venhicle
All Terrain

4 Wheel

Dune Buggy
Golf Cart
Pickup®
Sport Utility?

Snowmobile

Snow Mobile

Other

Amphibious
Utility Vehicles
Varied

@ Vehicles without a street license
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5.3. Sample Distribution by Vehicle Type

As discussed in Section 4.4, the sampling design is in many respects the most important
stage of the Component #1 survey. This is also true for the Component #2 fuel use log book
survey. The accuracy and reliability of the fuel use estimates produced by the Dynamic Model
will ultimately depend on whether the vehicles and households that participate in the
Component #2 Study allow for the data to be weighted and expanded to accurately represent

the fleet of vehicles operating in California.

ICF International conducted extensive analyses of the data presented in the 1990 Study
produced by Tyler, and together with the vehicle counts from the Component #1 survey,
identified the most efficient means of distributing the log books by vehicle type so as to “yield
the highest degree of statistical accuracy”. Based on this data and the assumptions outlined in
Section 5.11, ICF International determined the distribution shown in Table 5-5 would produce
the most accurate estimate of the fuel used off-highway on public lands for recreation in a year
given the size of each group, the frequency and variance of fuel used by each group for off-

highway recreation, and the other constraints of this study.>

It is important to recognize the distribution of log books shown in Table 5-5 is optimal if
one assumes the ratio of non-registered to registered OHVs and fuel rates per month by vehicle
type reported in the 1990 Study are correct today. For the reasons explained in detail in Section
3.4, there are compelling reasons to believe the 1990 Study correction factors overestimate the
current population of non-registered OHVs and that the recreational fuel usage of 4WD street-
licensed vehicles is too high. Unfortunately accurate vehicle counts, correct fuel use rates, and
corrected non-registered to registered ratios were not available at the time the sampling plan
was designed. In addition, due to the limited response to the pre-recruitment letters (as a result
of State Parks initially not allowing us to use their letterhead [see Section 5.5.1]), the distribution
of log book mailings was more dictated by the responses to the invitation letters than the ideal
sampling plan. This led to some increased margin of error from less than 10% to slightly over
15%.

Given the pre-recruiting, sample maintenance, and follow-up procedures that are

discussed in Section 5.5 as well as the financial incentives offered to participants discussed in

% The additional constraints include ensuring enough vehicles of types that comprise a low proportion of the overall
fleet, the need to estimate fuel consumption for registered and non-registered OHVs separately, and that all non-
registered OHVs must be recruited from the Component #1 data.
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Section 5.6, ICF International expected to collect completed log books from approximately 50%
of households that were selected for the sample. Thus, to complete 15,000 diaries, ICF

International mailed approximately 30,000 log books.

Table 5-5. Initial Log Book Sampling Plan

Sampling
Vehicle Type Plan
Car 2WD 1,982
Car 4WD 385
SUV 2WD 666
SUV 4WD 3,766
Truck 2WD 1,602
Truck 4WD 3,185
Van 2WD 942
Van 4WD 577
Street MC 244
Dual Sport MC 50
SL Other 338
Motorcycle-Reg 628
ATV-Reg 80
4 Wheel - Reg 46
Snowmobile - Reg 35
Other - Reg 3
Motorcycle-Non-Reg 189
ATV-Non-Reg 98
4 Wheel - Non-Reg 153
Snowmobile - Non-Reg 18
Other - Non-Reg 13
Total 15,000

5.4. Sample Selection

With the exception of the sample for the first wave, all street-licensed vehicles were
selected for participation in the study from the DMV vehicle registration database. The database
was first stratified by vehicle type into the groups shown in Table 5-5. Because the geographic
location of each vehicle, the make, model and model year can all be expected to influence the
frequency of off-highway use and/or the fuel economy of the vehicle, the sample was further
stratified prior to selecting specific vehicles to ensure the sample reflected the diversity of the

entire fleet of vehicles operating in California within each vehicle category. Within each strata,
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vehicles were selected at random.*® The number of vehicles selected from each strata was
proportional to the strata size. Once a vehicle had been selected from a single household, all
other vehicles in the household were no longer eligible to be selected. Vehicles owned by

businesses and other non-private use entities were excluded from the study.

Because non-registered OHVs are, by definition, not included in the DMV vehicle
registration database, non-registered OHVs were sampled from households identified in
Component #1 as owning a non-registered OHV. As noted previously, all households identified
during the Component #1 survey were invited at the conclusion of the interview to opt-in to the
Component #2 Study and were made aware of the attractive financial incentives to participate.
Because of the high level of interest in participating in the Component #2 survey among
participants in the Component #1 survey, there was a sufficiently large number of vehicles to
allow ICF International to produce the sample for the first wave of interviewing for the
Component #2 survey from households that participated in the Component #1 survey. Because
of the limited sample size to work from, non-registered vehicles were sent log books for up to

three waves. All registered vehicles were only sent log books for one wave.

5.5. Recruiting, Data Collection & Sample Maintenance

A sampling method may work in theory, but not work well in practice. This is often the
case with mail-based surveys. Indeed, one of the biggest challenges this study faced was
ensuring that once the sampling method had been identified, the actual participation rates and
log book returns were consistent with the sampling plan. Being able to control the sampling
method and administration of the sample at the outset of the study and throughout data
collection was thus critical to being able to recognize and adjust for the many possible sources
of response bias inherent in mail-based log book surveys. Without the mechanisms in place to
closely administer and monitor the sample, the data and the projections produced by the

Dynamic Fuel Tax Model would likely be incorrect.

The method used in the 1990 Study was to sample vehicles from the DMV vehicle
registration database and then mail fuel logs to these households. Administration of the sample

design was thereafter limited to a second and third mailing of fuel logs. The principal flaw in this

“° This was an important step, as it made sure that the vehicles that participated in the log book study were
representative of their respective vehicle categories. Otherwise, the sample may have included too many vehicles
of one type, which could bias the results. For example, if too many vehicles with better fuel economy were selected
for the 2WD category, then the study (and the Dynamic Model) would underestimate the amount of fuel consumed
off-highway.
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approach is that there is no way to directly control or administer the sample. Fuel logs are
mailed-out, and there is no way to directly follow-up with a household, answer questions,
encourage participation, or collect their data. If the household does not respond, the only follow-
up method is indirect: mail another fuel log or letter. This can lead to low participation rates and

pronounced response bias.

Accordingly, ICF International employed a three-stage Recruiting, Data Collection and
Sample Maintenance process that provided far more control over the initial sampling of vehicles
and households for each data collection wave, provided higher response rates and less

response bias, and allowed ICF International to directly control the administration of the sample.

5.5.1. Pre-recruit

The first stage involved pre-recruiting 151,215 street licensed vehicle households and
9,863 non-street licensed vehicle households for participation in the study by sending a letter
with a return form. The letter invited them to participate in the study, made clear the attractive
financial incentives for doing so, and asked them to fill-out and return the postage pre-paid
return form if they were willing to participate (see Pre-Recruiting Invitation Letters and Return
Form in Appendix B). The Return Form contained several questions, the most important of
which inquired as to the household's phone number. Households that owned non-registered
OHVs were not included in Stage 1 since they had been pre-recruited during the Component #1

survey.”’

There were several iterations of the invitation letter which are shown in Appendix B.
During the first four invitation letter mailings, State Parks would not allow ICF International to
use their letterhead because of the substantial incentives being offered. The first letter resulted
in very low response rates mostly because people did not think the survey was valid. Several
major changes were made in subsequent mailings that somewhat increased participation. First
ICF International got State Parks to put a reference to the study on their website and included
that website link in the letter (see Appendix B). Second, the letter stated that the incentives
were not coming from the State of California General Fund. Finally, that we wanted people to
respond whether they recreate off highway or not and that they would be entered into the

sweepstakes drawing just for returning a log book even if they didn’t recreate off-highway. The

“" Wave 1 and all non-registered OHVs were pre-recruited from the Component 1 survey. They were randomly
selected from the Component 1 respondents that provided names and addresses based upon the sampling plan
discussed in Section 5.4.
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final change came in the last invitation letter mailing in which State Parks allowed us to use their
letterhead and it was signed by the Director of California State Parks. This led to over 50%

higher return rate over the ICF International invitation letters.

5.5.2. Household Selection
The returned forms were then processed to create a pool of vehicles that were eligible to
be selected for participation in the Component #2 survey. Log books were then mailed to each
selected household for each wave at the appropriate time based upon the sampling plan

discussed in Section 5.3.

5.5.3. Data Collection & Follow-up

Once the log books had been mailed to households, ICF International established an
800-phone line that participants could call should they have any questions about the study (See
Section 5.10). At the conclusion of the data collection wave, Mountains West Research Center
attempted to contact via phone all households that did not return a log book to encourage them
to return the log book, allow them to report their log book information over the phone, or
determine that they did not collect the information and then recruit them for the next wave if
appropriate. Mountains West Research Center made at least five calls per household, as

needed.

The principal advantage of the approach outlined above was that respondents who failed
to return a log book could be contacted directly via phone to encourage their participation,
collect the data over the phone, or be personally recruited for the next wave. This had the effect
of increasing response rates and the reliability of the data collected. Follow-up calls were
conducted in the evenings (5PM to 9PM) during weekdays and between 10AM and 5PM on
weekends. If needed, at least five attempts were made to complete a follow-up. The timing of
follow-up calls was rotated to avoid systematically calling the household at a specific time that
may have conflicted with their daily routines. This minimized the chances that the household

would not be contacted due to "bad timing".

Because some respondents preferred to have the data collected via phone rather than
mailing in their log book, or simply forgot to mail the log book, the person making the follow-up
call had a CATI-based interview ready so that all of the information was collected and recorded
appropriately. The CATI program was thoroughly reviewed and tested by True North Research

prior to fielding.
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Follow-up calls were also used to resolve issues that arose when keypunching the data
from returned log books. If, for example, the log book did not provide sufficiently clear

information on a key variable, a callback was conducted to identify the appropriate information.

5.6. Incentives

Substantial incentives were provided to participants in the study in the form of a
sweepstakes drawing. Each of the six waves had a $5,000 prize plus five $1,000 prizes. In
addition there was a $25,000 grand prize awarded at the end of the study. Households that
returned a completed fuel use log book or read their log book over the telephone were entered
into a sweepstakes drawing. Entries were randomly selected without regard to the type of
vehicle they drove or whether or not they recreated off-highway during the log book period. A

total of $85,000 in cash prize awards was given to participants of the study.

5.7. Data Collection Waves

Fuel use log books were sent to households that were recruited from the Component 1
survey or responded to the invitation letter with a completed return form over a one year period.
Log books were sent in six 2-month waves starting in April 2004. Because of the urgency to get
the survey started, Wave 1 was taken entirely from the Component 1 survey participants. It was
weighted differently (as discussed in Section 5.11) than the randomly selected registered DMV
households. Waves 2 through 6 used non-registered vehicles from the Component 1 survey
(also weighted differently than the DMV sample) and registered street-licensed and non-street
licensed vehicles from the DMV sample that showed interest in participating via a completed
Return Form. Unfortunately, Wave 2 had significantly fewer participants due to the low initial
response to the initial invite letter. The low response in Wave 2 was compensated for in Wave 6.
27,296 fuel use log books were sent to households during the six waves as shown in Table 5-6.
Over 15,000 were completed and returned as shown in Table 5-7. Responses from these log

books were used to develop the results found in Section 6.

5.8. Log Book Design

The log book was designed to measure fuel use by off-highway drivers in California by
Drs. Ken Kurani and Tom Turrentine of University of California, Davis. Drs. Kurani and
Turrentine are experienced researchers in travel behavior and fuel use. They have worked with
log book design since 1994. This fuel use log book survey was particularly challenging for
reasons listed below. However, iterative design and real world testing led to a practical and

reliable log book instrument.
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Table 5-6. Fuel Use Log Books Sent to Participants

Vehicle Type Reporting Waves
1 2 3 4 5 6 Total
Car 2WD 788 294 380 321 441 530 2,754
Car 4WD 208 104 127 68 366 165 1,038
SUV 2wD 142 175 148 117 117 192 891
SUV 4WD 841 897 1,146 782 1,198 1,283 6,147
Truck 2WD 787 252 342 220 297 449 2,347
Truck 4WD 1,352 647 758 568 194 1,059 4,578
Van 2WD 250 149 204 156 201 279 1,239
Van 4WD 81 102 114 73 9 155 534
Street MC 119 58 79 156 90 102 604
Dual Sport MC 33 13 11 19 14 45 135
SL Other 52 31 25 22 37 110 277
Motorcycle-Reg 52 187 173 182 181 230 1,005
ATV-Reg 43 47 54 103 45 65 357
4 Wheel - Reg 5 23 17 19 13 17 94
Snowmobile - Reg 20 18 12 16 15 21 102
Other - Reg 2 - - - - - 2
Motorcycle-Non-Reg 198 200 300 383 342 416 1,839
ATV-Non-Reg 79 140 200 485 455 554 1,913
4 Wheel - Non-Reg 100 112 115 272 241 242 1,082
Snowmobile - Non-Reg 25 25 25 52 48 46 221
Other - Non-Reg 20 19 20 29 26 23 137
Totals 5,197 3,493 4,250 4,043 4,330 5,983 27,296
Table 5-7. Completed Fuel Use Log Books Returned
Vehicle Type Reporting Waves
1 2 3 4 5 6 Total
Car 2WD 467 177 253 224 319 362 1,802
Car 4WD 114 65 82 61 274 116 712
SUV 2wD 69 121 92 86 81 131 580
SUV 4WD 493 515 730 582 800 859 3,979
Truck 2WD 432 143 232 157 193 287 1,444
Truck 4WD 727 371 456 385 136 671 2,746
Van 2WD 123 84 108 111 132 166 724
Van 4WD 33 60 66 48 5 96 308
Street MC 63 45 56 124 64 73 425
Dual Sport MC 19 7 7 20 16 31 100
SL Other 23 20 17 16 33 72 181
Motorcycle-Reg 63 165 157 196 187 200 968
ATV-Reg 51 63 87 209 133 133 676
4 Wheel - Reg 8 17 10 15 15 15 80
Snowmobile - Reg 19 17 14 34 28 29 141
Other - Reg 1 1 1 - - - 3
Motorcycle-Non-Reg 40 40 55 81 53 45 314
ATV-Non-Reg 18 30 50 123 88 98 407
4 Wheel - Non-Reg 23 15 16 43 33 24 154
Snowmobile - Non-Reg 7 7 7 9 7 4 41
Other - Non-Reg 1 2 1 7 6 7 24
Totals 2,794 1,965 2,497 2,531 2,603 3,419 15,809
ICF International 5-11 Survey Results
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Design goals were to make the log book simple but also engaging. The log book was
used to measure fuel use by an owner in a designated vehicle over a two-month period. To
discourage false log book entries but obtain a high rate of return, sweepstake incentives were
used to reward returning log books, regardless of whether a fuel use event had occurred during

the log book wave period.

The fuel use log book presented many challenges. First, the log book was intended to
measure intermittent use of a designated vehicle over a long period (usually travel log books
measure repetitive behaviors over a few days). Second, the log book was to cover behavior,
which took place often in remote locations, often during vacation periods (when log book users
are focused on new activities). Third, the log book had to be clear to a wide range of off-highway
vehicle users, including snowmobilers, dirt bikers, jeep users, sand rails, and ATVs as well as
other drivers who are using normal street vehicles off-highway to access recreational activities
such as camping, hiking, fishing, and mountaineering. Further challenges were to define clearly
for users when they were on a qualifying road (and non-road) surface. Finally, many off-road
type vehicles do not have fuel gauges and thus the design had to offer alternative means to
record and calculate fuel use for a measured fuel use event. Vehicles also use different types of

fuels.

The basic log book content was determined in meetings with a small group of the OHV
Stakeholders Roundtable, who helped flesh out the basic questions and identify potential
problems. From these initial ideas, a draft set of instructions; definitions and a "day" of use for
the log book were developed and circulated among the Stakeholders, and then redrafted with
their input. The log books used for the fuel use study included the following information and a

sample log book can be found in Appendix C:

. Date vehicle used off-highway, i.e., the date of this data record.

° Location of off-highway driving: “area’s common name” and the name of the county

and nearest city and street names (where applicable)
. Up to three types of recreation activities that were pursued during the recorded day.
. The amount of gasoline used when they traveled off-highway for that day.

. Distance traveled off-highway that day (or for that location and date). This data will

be collected for vehicles that have odometers.
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. Hours the vehicle was used off-highway throughout the day (less stopping time).

This data will be collected for vehicles that do not have odometers.
. Whether the fuel used this day was purchased in California

. (Dependent on type of vehicle) Whether or not a trailer was towed off-highway by

this vehicle.

. Type of terrain (sand, hills, desert) and type of use (easy, moderate, hard/racing).

. Type of fuel used that day (racing fuel, gasoline, two-stroke (gas-oil mix), or diesel.*?)

5.9. Log Book Pilot Test

The fuel use log "booklet" was designed to record several days of off-highway driving by
the widest range of users. The booklet was circulated for testing and review by a wider range of
users, including snowmobilers, dirt bikers, hikers, and others recommended by the OHV
Stakeholders Roundtable members. This test sample was encouraged to try using the log book
on their next trip off-highway, to mark up the log book with questions and suggestions. We

called several testers who answered questions in an unexpected way.

Finally, Drs. Kurani and Turrentine visited Hollister Hills, a California State Vehicular
Recreation Area, and handed out log books to motorcycle and ATV riders and jeep and truck
users who used the log book that day and were then interviewed at the end of the day about the
log book, to gather their impression of its legitimacy, clarity and ease of use. We interviewed
them to check if their written responses were congruent with our goals. Returned log books and
interviews were rewarded with a modest cash incentive. Additionally, more log books were

handed out to be returned in the mail after a few weeks of additional travel events.

As a result of this pilot test, problems with the log books had been reduced and most log
books were completed without error. Based on final feedback from interviews and returned log
books, a final iteration was developed and printed for the first distribution of log books to the
project sample. Still, given the complexities of the log books, a "hotline" was established for help
with the log books (See Section 5.10), but as is recorded about the hotline, the log book design
worked well; users described it as straight forward and understandable and for the most part
engaging. Considering the complexities of this log book, the final log book which was used for

all waves of this study can be considered a success.

42 Racing and diesel fuel use are not considered vehicle motor fuels per Section 7326 of the Revenue and Taxation
Code.
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5.10. Telephone Helpline

The objective of the telephone helpline was to increase survey participation and
accuracy of participant responses by providing answers to questions generated by the survey
mailings. Each participant received (at least) two separate mailings: an invitation to participate in

the survey and the fuel use log book.

Helpline calls prompted by the invitations fell into two categories, those that were directly
related to filling out the return form and others that were more general. Callers with difficultly
filling out the return form were more often non-English speakers. These callers requested
assistance with the response bubbles for the phone numbers or understanding the decision tree
of the return form. Invitation recipients also needed assistance substituting an appropriate

alternative vehicle, if they had sold the car that was named on the return form.

Callers with questions of a general nature wanted to know who we were; what was our
objective; and what we would do with the information. Some callers were suspicious that the
survey was commercial in origin; others were concerned about the cost to tax payers; and
others felt the data would be used to restrict motorized access to public land. Still others were

primarily concerned with how we had obtained information about them.

These concerns were addressed by providing the following information. They were told
that the State was mandated by law to periodically survey the use patterns of public roads in
California. The purpose of these surveys was to determine the correct allocation of public funds
for the maintenance of the roads. Because this is a random sample, you may be asked to
provide information about a car that is never driven off-road. Because this is a survey being
conducted by the State, the DMV provided vehicle information to ICF International, the company
contracted to conduct the survey for the State. This particular survey was being conducted by
California State Parks and Recreation for the maintenance of roads and areas under their
jurisdiction. Restriction was not the goal. Correct allocation of funds to the various parks was
the goal. A sweepstake drawing is the most economical way to encourage respondents to finish
surveys. Many of these calls dropped off when we were able to use the State Park letterhead on

the invitation.

Typical fuel use log book calls were: 1) Invitees had lost, or never received a return
envelope; 2) Invitees had to substitute a vehicle for the one designated by ICF International; 3)
The invitee was unable to drive vehicle because of injury or weather or travel; 4) The invitees

wanted to know if we will use this information to restrict their access to parks; 5) How can the
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State afford this? 6) Is it too late to mail this in? and, 7) Why do you want information about a
car that can’'t be driven off-road? Don’t you want to know about the vehicle that | do drive off-

road?

5.11. Methods for Weighting and Statistical Analyses of
the Fuel Use Log Book Responses

5.11.1.Introduction

In Section 4.5 we described the statistical methods and weights used to analyze the
responses in the Component 1 telephone survey data. In Component 2, fuel use log books
were obtained from a sample of vehicle owners. Each vehicle owner provided information on
“gallons used per recreational day,” more precisely defined as the gallons of fuel used for
recreation (driving to recreation or driving for recreation) on public lands in California in each
recreational day during a two month “wave” or “period.” Only one vehicle was sampled per
household, but some vehicles were sampled for more than one wave. This section describes
the statistical methods used to weight and analyze the Component 2 gallons used per month
data. (Other fuel use log book information such as gallons used for specific activities can be
analyzed in a similar manner). The methodology is based on the methodology and telephone

survey weights in Section 4.5 which will be referred to frequently.

Vehicle samples for the Component 2 survey were drawn in two ways. For wave 1, April
and May 2004, all households were sampled from the Component 1 telephone survey
responders that said they were willing to participate in the Component 2 survey. For waves 2
through 6, June 2004 to March 2005, the non-registered off-highway vehicles (OHVs) were also
selected from the Component 1 responders that said they were willing to participate in the
Component 2 survey and had an off-highway vehicle that could not be found in the DMV
registration database. We shall refer to both these groups of vehicles as the “household-
selected” vehicles. For waves 2 through 6, registered OHVs and street-licensed vehicles (SLVs)
were selected randomly from DMV registration lists. We shall refer to those vehicles as the

“DMV-selected” vehicles.

Vehicles were grouped into 21 vehicle classes described in Section 5.2. The sampling of the
household-selected vehicles from the telephone survey households was not an exact probability

sample but was chosen as randomly as possible to meet several constraints:

e Households were willing to participate in the fuel use log book survey, i.e., they

responded positively to the participation question in the telephone survey.
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e The total numbers of vehicles in each of the 21 vehicle classes should be close to the

target values identified in the sample design (as described in Section 5.4)

e Only one vehicle was sampled per household. If the household had more than one

vehicle of a given class, then the log book vehicle was selected at random.

o For each vehicle class and county, the number of log books sent was approximately
proportional to the number of vehicles in that class and county. For this calculation of the
number of vehicles by class and county, each household was weighted using the

telephone survey weights, as presented in Section 4.5.

o The household completed and submitted their fuel use log book.

Since the telephone survey was intentionally biased towards OHV-owning households in
rural areas, and since the wave 1 (and wave 2-6 non-registered OHV) Component 2 survey was
a random sample of households from the telephone survey, the responses needed to be
properly weighted to adjust for this bias, as described below. The crucial statistical issue is that
because these vehicles were selected using the telephone survey responses, these samples
were really samples of telephone lines, rather than of households or vehicles. Separately for
each vehicle class, we treated the data as a stratified random sample of telephone lines from

strata defined by the county, OHV ownership, and vehicle class ownership.

In waves 2 through 6, the DMV-selected SLVs and registered OHVs were selected
randomly from DMV lists. For each vehicle class, the number of invitation letters sent for each
county was proportional to the number of those vehicles in that county, as estimated from the
telephone survey. In this case the statistical analysis is different and much simpler since for
each vehicle class, we had a stratified random sample of vehicles, where the strata were the

counties.

The primary goal of these analyses was to estimate monthly, bi-monthly, and annual
gallons used for driving to or for off-highway recreation on public lands in California. For the rest
of this section, we will refer to this as “gallons used,” without the cumbersome explanatory

clause.

The first step, detailed in Section 5.11.2, was to estimate the numbers of vehicles by
vehicle class and county as well as total counts by vehicle class for all counties. Although these
estimates were initially based on the telephone survey data, the final set of estimates for the

registered OHVs and for the SLVs were based on the DMV counts developed by Cenzer for this
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project. For the non-registered OHVs, vehicle counts were estimated by multiplying the counts
for the registered OHVs by suitable correction factors estimated from the telephone survey
using the methods for estimating ratios and their uncertainty that were described in Section
4.5.5. For 4-wheel vehicles, ATVs, snowmobiles, and motorcycles, the correction factor equals
the weighted sum of the household numbers of non-registered vehicles of each class divided by
the weighted sum of the household numbers of registered vehicles of that class. The weights
are the Component 1 household weights given in Section 4.5.2. For each county, and for the
California total, the estimated count for non-registered vehicles is obtained by multiplying the
vehicle class count for registered vehicles by this correction factor. Because there were few
vehicles in the OHV Other category, the correction factor for the OHV Other category was the
weighted sum of the household numbers of non-registered OHV Other vehicles divided by the

weighted sum of the household total numbers of all registered OHVs:
For class T = 4-wheel vehicles, ATVs, snowmobiles, or motorcycles,

Non-registered OHVs of class T

= Registered OHVs of class T x Correction Factor
Correction Factor = 2c >4 2u R(u, ¢, A) w(u, ¢, A) / 2c 2a 2u N(u, ¢, A) w(u, ¢, A)

where R(u,c,A) and N(u,c,A) are the observed numbers of registered and non-registered class
T vehicles for household u, county ¢ and the owner/non-owner subset A, and w(u, c, A) is the

telephone survey weight.
Non-registered Other OHVs = Registered Other OHVs x Correction Factor
Correction Factor = 2c 2a 20 O(u, ¢, A) w(u, ¢, A)/ 2c 2a 20 All(u, c, A) w(u, ¢, A)

where O(u,c,A) and All(u,c,A) are, respectively, the observed numbers of registered OHV Other
and of All non-registered OHVs for household u, county ¢ and the owner/non-owner subset A,

and w(u, c, A) is the telephone survey weight.

The correction factors and their 95% confidence intervals are presented in Section
5.11.2. We assumed that the only source of error in the vehicle counts was due to the

uncertainties in the correction factors due to the random variation in the telephone survey.

The detailed analysis of the household-selected vehicles is presented in Section 5.11.3.

For all 21 vehicles classes in wave 1, for the non-registered OHV ATVs, motorcycles,

ICF International 5-17 Survey Results
September 2006



Fuel Use Log Book Survey

snowmobiles, and 4-wheel vehicles in waves 2 through 6, and for the OHV Other vehicles in
waves 2 through 6*, we used a weighted analysis of the telephone survey data to calculate the
gallons used per vehicle. For each vehicle class and month (or wave), the gallons used per
vehicle was estimated as the ratio of the weighted average gallons used per California
household to the weighted average number of vehicles per California household. The gallons
used was then estimated by multiplying the gallons used per vehicle by the number of vehicles
in California in the vehicle class. Since the household-selected vehicles were treated as a
stratified random sample of telephone lines, the sampling weights for these weighted averages
are defined for each of the 15,691 sampled telephone lines, i.e., for each household. However,
we show in Section 5.11.3 how these sampling weights were converted into vehicle statistical

weights.

Separately for each vehicle class, we treated the household-selected vehicles as a
stratified random sample of telephone lines from strata defined by the county, OHV ownership,
and vehicle class ownership. The first two stratification variables are exactly as in Section 4.5,
where we described the analyses of the telephone survey data. The extra vehicle class
ownership stratification adjusts for the necessary bias of the log book survey towards
households that owned vehicles of the given vehicle class. The log book households were
necessarily drawn from the households that own at least one vehicle of the given vehicle class,

but those households that do not own any such vehicles obviously used zero gallons of fuel.

In Section 5.11.4, we will describe the analysis of the DMV-selected vehicles, which
applies in waves 2 through 6 for the 11 street-licensed vehicle classes and four of the five
registered OHV vehicle classes. (The small number of registered and non-registered Other
OHVs was treated as a single vehicle class selected from the telephone survey). For each
county, vehicle class and month (or wave), the gallons used per vehicle was estimated as the
arithmetic average gallons of fuel used per vehicle in that county. To estimate the gallons used
per vehicle for the entire state, a weighted average of the county average gallons per vehicle
was calculated, where the county weight is the total number of vehicles in the county and
vehicle class. Counties without log book data are excluded from this weighted average, under
the assumption that the counties with data are representative of the counties without data. (The

analyses of the household-selected vehicles was also based on this assumption). Finally, the

* The registered and non-registered Other OHVs were combined into one group for calculating gallons used per
vehicle because there was limited data on this vehicle category.

ICF International 5-18 Survey Results
September 2006



Fuel Use Log Book Survey

gallons used per vehicle class and month (or wave) was estimated by multiplying the gallons

used per vehicle by the number of vehicles in the vehicle class:

Gallons used per vehicle in class T =

2. Gallons used per vehicle in class T, county ¢ x Vehicles (c) / Z; Vehicles (c)

where Vehicles (c) is the total number of vehicles of class T in county c, both sums are across

only those counties with log book data for class T in the wave of interest, and

Gallons used per vehicle in class T, county ¢ =

2 log book vehicles in county ¢, class T Gallons used / No. of log book vehicles in county ¢, class T.

Section 5.11.5 describes how we used those results to estimate total fuel use summed
over the year and/or the vehicle classes, the corresponding gallons us