CONTRACT NO. A132-184
FINAL REPORT
JUNE 1995

Development of an
Improved Inventory of Emissions
from Pleasure Craft in California

D
890
C3
1995

BFORNIA ENVIRONMENTAL PROTECTION AGENCY

| @‘-‘:‘ AIR RESOURCES BOARD
— Research Division

|

— -






v (916) 323-1524
(916) 322-4357 (FAX)

Pete Wilson
Mﬂ‘/}/ k E ) Governor
_CG_IE_IA James M. Strock
California Secretary for

Environmental Environmental
Protection Protection

Agency August 1, 1996

i rd

P.O. Box 2815
2020 L Street
Sacramento, CA
95812-2815

To whom it may concern:

Enclosed is the revised final report entitled, "Development of an Improved Inventory'

of E' jons from Pleasure Craft in California," Contract No. A132-184. This copy is
e copy that you currently have on file. The NTIS number assigned to this

reprt 1s PB95270880 (ARB/R-95/587).

If you have any questions, please call me.

Sincerely,

Siretr / A/L

Emma L. Plasencia
Research Division






REPORT DOCUMENTATION PAGE

1. AGENCY USE ONLY (Leave 3lank) 2. REPCRT DATE 3 REPORT TYPE AND DATES COVERED
PRG5270880 Jure 1885 Final Report
4 TITLE AND SUBTITLE 5. FUNDING NUMBERS

Development of an Improved Inventory of Emissicns from Pleasure Craft in

Califormia
6. AUTHOR(S) A132-184

Systems Applications International (SAl)

7 PERFORMING ORGANIZATION NAME(S) AND ADDRESSIES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
SAl
101 Lucas Valley Read SYSAPP-35/001

San Rafael, CA 94903

3. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORINGMONITORING AGENCY

REPORT NUMBER
California Air Resources Board

Research Division ARB/R- 95/587
2020 L Street
Sacramento, CA 95814

11. SUPPLEMENTARY NOTES

122, DISTRIGUTICN/AVAILABILITY STATEMENT 125 DISTRIEUTION CODE

Release uniimited. Availeble from Nalional Tecanical information Service.
5285 Port Royal Roac
Springfield, VA 22161

13. ABSTRACT (Maximum 200 Woras)

An ucdated emissions inventory fer Caiifornia cleasure craft covers total organic gases (TOG), Nox. CO. SOx. anc
particulate matter (PM). A survey of over 10.0C0 sieasure craft owners item June 1883 to May 1984 gsceneined scatal
and temporal utlization of sleasure crait and coilecied uedated consumption rates. Gwners were randomiy seleciac
‘rom Deranment cf Moter Venicles reccras, 2n¢ ressonse was near 50 percent. Annual fuet ccnsumotion‘ is ssiimated
for vessels oy proouisicnrengine combinaiicns tv regicn (Nornern, Central, end Southern). From thése, regionai and
sounry-level emissicns are asdimated using & mccet (PCEM) that includes emission estimates from DMV-recisierec
yessels. Coast Guard-ocumentad vessels, anc rental vessels. Fuel consumption is multipiiegd by emissicn '.‘ec:crs fer
szch propulsicn/engine fyce 2nd zilocated o counties with spatial allecstion factors deve!dped .‘rém the survey Jata.
Tempoeral actvity prefiles zre derived from the survey data. Results suggest that 1993-1994 NOx, TOG, znc 30x
olezsure craft emissicns ‘nventcries be decrazsas frem 1880 CARS inventory values by atout 42, 18, and 35 cercant
respecively and that CO anc PM inventones te increzsed by 3 and 100 percant respeciively. These'diﬁerenc‘ss reflect
updated emission facicrs and fuel consumetion. An averace znnuzl fue! consumption rate of 77.5 gallens cer vessel is
estimated. .

14. SUBJECT TERMS

s

5. NUMBER OF PAGES

air emissions, nonrosg. marine vessels, inventcry, survey 280

18. PRICE CCCE

1T, SEISURITY. CUASSIFICATICN
OF REFCRT

3

"3 SECURITY CLESSIFCATICN | 18 SECURITY CLASSIFICATION | 20. LIMITATICN CF ABSTAACT
OF THIS PAGE OF ABSTRACT

. Unlimitegs
Unciassified T

]
i
i .
{ ] ey i i Fr

; Unclassified Unciassifiea

CARD-RL VErsion (Crg. 2-33) 0f F2Ceral DianNaard ~2fm £38 ReY. <=3

A9 $90£TCD g5,







Development of an Improved Inventory of Emissions
from Pleasure Craft in California

Final Report

Contract No. A132-184

Prepared for:
California Air Resources Board
Research Division

2020 L Street
Sacramento, California 95814

Prepared by:
Marianne Causley
Systems Applications International

101 Lucas Valley Road
San Rafael, California 94903

June 1995






i

ABSTRACT

In order to improve estimates of emissions from pleasure craft in California, the
California Air Resources Board (CARB) retained the services of Systems Applications
International (SAT) and Freeman, Sullivan & Company (FSC) to develop a bottom-up
emissions inventory for these vessels. The objective of this study is to update the
current emission inventory of total organic gases (TOG), nitrogen oxides (NO,), carbon
monoxide (CO), sulfur oxides (SO,), and particulate matter (PM). The inventory
developed during this study is based on a statewide survey of pleasure craft vessel
owners that was conducted during a one-year period from June 1993 to May 1994. The
survey was designed to ascertain the spatial and temporal distribution of utilization of -
pleasure craft in California, as well as to collect updated consumption rates for vessels.

Over 10,000 surveys were sent to randomly selected owners of motorized pleasure craft
registered with the California Department of Motor Vehicles (DMV). The overall
response rate from the survey was close to 50 percent. Of the surveys returned,
approximately 40 percent of the vessels were used in the Peak (June-August) and Ozone
(April-September) seasons, and 11 percent in the Winter season (October-March).
During the winter time, owners of vessels were contacted in the Southern region only.

To generate the updated pleasure craft emissions inventory, the survey results were used
to estimate the annual fuel consumption for vessels by propulsion-engine combinations
on a regional basis (Northern, Central, and Southern). The annual fuel consumption per
region is then used to estimate the regional and county-level emissions using an
emissions model developed for this study, PCEM (Pleasure Craft Emissions Model).
This model includes emission estimates from vessels registered with the DMV, vessels
documented with the Coast Guard, and rental vessels. The fuel consumption is then
multiplied by the appropriate emission factor for each propulsion-engine type and
allocated to the county level with spatial allocation factors developed from the survey
data. Temporal (seasonal, weekly, and diurnal) profiles associated with pleasure craft
are provided in this report based on the survey data.

The estimates in this study suggest that 1993-1994 NO,, TOG, and SO, emissions
inventories for this category be decreased from the values included in the 1990 CARB
inventory by about 45, 18, and 85 percent, respectively, while CO and PM inventories
should be increased by 3 and 100 percent respectively. These differences occur because
of the use of updated emission factors and fuel consumption. An average annual fuel
consumption rate of 77.5 gallons per vessel is estimated in this study.

9500112.01 : Final — June 1995



iv

ACKNOWLEDGMENTS

Systems Applications International is pleased to acknowledge the participants of this
study. At SAI, Marianne Causley, Cyntia Steiner, and Gary Wilson contributed many
hours to the success of this project. Charles DiSogra, at Freeman, Sullivan, &
Company, provided invaluable assistance with the survey design, implementation, and
preliminary data analysis. Ted Morgan, a representative of the National Marine
Manufacturers Association, provided this study with previous experience of boating
surveys and emission factor data collected by the association. SAI also acknowledges
the staff at the CARB including Robert Grant, Robert Weller, and Marijke Bekken, who
provided assistance with obtaining the California Department of Motor Vehicles Vessel
Database and technical overview.

This report was submitted in fulfillment of contract A132-184, "Development of an
Improved Inventory of Emissions from Pleasure Craft in California,” by Systems
Applications International, a division of ICF Kaiser International, Inc., under the
sponsorship of the California Air Resources Board. Work was completed as of February
10, 1995.

Final ~ June 1995 95001r2.01



Disclaimer

The statements and conclusions in this report are those of the contractor and not
necessarily those of the California Air Resources Board. The mention of commercial
products, their sources or their use in connection with material reported herein is not to
be construed as actual or implied endorsement of such products.
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SUMMARY AND CONCLUSIONS

The California Air Resources Board (CARB) is required to inventory air pollutants
emitted from stationary and mobile sources throughout California. Accurate assessment
of activity levels and usage patterns is essential to developmg an emission inventory for a
given source category. The objective of this study is to develop an improved inventory
for one of these source categories: recreational pleasure craft. For pleasure craft, that
entails making an accurate assessment of the frequency of boat usage in each county, and
determining the fuel consumption patterns related to such boating activity. An extensive
survey was conducted to determine activity and usage for pleasure craft in California.
Previous to this study, the most recent detailed account of boating activity data in
California is the 1973 study titled Boaring Resources Development Planning (DENOD,
1973). Studies conducted since then have merely projected these data from the 1973
levels using scaling factors.

Survey

The statewide survey of over 10,000 registered boat owners in California was conducted
over a one-year period (June 1993 through May 1994). The purpose of the survey was
to evaluate the spatial and temporal variation in utilization of pleasure craft in California.
The survey targeted private owners of pleasure craft registered with the California
Department of Motor Vehicles (DMV).

To account for temporal variations throughout the year and by geographical region, the
survey was designed with three time periods, Winter, Ozone, and Peak; the state was
divided into three regions: Northern, Southern, and Central. Independent samples of
registered boat owners within these three regions were drawn for each of the three
seasons and regions. The sample was distributed over the entire calendar year with
random mailings of questionnaires every two weeks in each of the three regions. A
smaller sample size was used for the less critical Winter season (October through March)
with six monthly rather than biweekly mailings. Only the South region was sampled in
the Winter season because of the minimal boat usage in the North and Central regions
during these months. Winter usage in the Northern and Central regions was estimated
based on the percent reduction in usage in the Southern region and applied to the ozone
season usage in the Northern and Central regions.!

A total of 10,844 survey packets and reminders were sent to boat owners with an
adjusted response rate of 49 percent. The Ozone and Winter mailings have adjusted
response rates of 56 and 55 percent, respectively; the Peak mailing has an adjusted
response rate of 46 percent. The adjusted response rates by region are 51 percent in the
North and 48 percent in both the Central and South. The precision associated with the

T Note that even though the percent reduction in usage is equal for all three regions in the winter
season, the total fuel consumption {and emissions) is much less for the Central and Northern regions
compared to the Southern region.
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fuel usage estimates from the survey range from about +6 percent for the Peak and
Ozone seasons to +11 percent for the Winter season (at a 95 percent confidence level).

A study of nonresponders was conducted to determine if those that returned their
questionnaires differ in any way from those who did not return a questionnaire. The
study used a sample of the peak season nonresponders who had not returned a
questionnaire. Of the boat owners contacted, 45 percent completed the full telephone
interview about their boat usage. Analysis comparing the proportion of boat users
among these nonresponders to the proportion of users among those that did respond
showed no statistical differences within any of the three regions or statewide.

Emission Inventory

Pleasure craft emissions in California are estimated using an emissions model developed
for this study. The model is called PCEM (Pleasure Craft Emissions Model). Features
of the model include user-specified input parameters and standard reports. The user-
specified input parameters include:

Fuel consumption by region and engine-propulsion type. The results of the
survey are used to generate the fuel consumption quantities used by PCEM.

Emission factors by engine type. The emission factors included in the model are
based on data provided by the National Marine Manufacturing Association
(Morgan, 1992).

In-use adjustment factors by pollutant and engine type. The model uses the same
factors as the EPA Nonroad Engine and Vehicle Emissions Study (EPA, 1991).

Seasonal adjustment factor to apportion annual emissions to ozone season
emissions. This factor is estimated based on the survey data.

Spatial allocation factors to adjust regional population and fuel consumption to the
county level. These factors are developed based on the survey data.

Vessel population by region and engine-propulsion type. The population
quantities are based on the DMV and survey data.

Fuel usage adjustment factors for documented and rental vessels by engine
type. To account for Coast Guard documented and rental vessels, adjustment
factors are estimated based on data in the National Recreational Boating Survey.

PCEM generates three standard reports, including emissions by county and
engine-propulsion type for an annual and ozone average day. The reports include
emissions of TOG (including refueling, evaporative, and crankcase operations), NO,,
SO,, PM, and CO. PCEM generates one other report, summarizing emissions by
county and average emissions.

Table 1 summarizes the fuel consumption, number of vessels boating in a county, annual
emissions (tons per year) and average emissions (pounds per 1000 gallons) by county.
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The total statewide annual fuel consumption estimated in this study, 69,697,000
gallons,is about half of that estimated by the CARB. The CARB estimate is projected
from the 1973 DENOD study. The quantity estimated in this study corresponds well to
that estimated in the National Recreational Boaring Survey, which is 72,297,000 (£10.5
percent) gallons. The average fuel consumption per boat is estimated at 77 gallons per
boat in the National Recreational Boating Survey and 77.5 gallons in this study (this
average includes only the DMV data). Since the total and average fuel consumption data
correspond well between these two more recent studies, it is assumed that fuel
consumption was overestimated for the 1990 CARB inventory.

The notes at the end of Table 1 indicate that survey data with activity were not received
for three engine-propulsion combinations: gasoline-powered "other” vessels in the
Central region, diesel-powered "other” vessels in the Southern region, and diesel-
powered outboards in the Southemn region. For example, there are 102 diesel-powered
outboards registered with the DMV in the Southern regions. Of these 102 vessels, none
of the owners responded during the survey that they had used their boats during the two-
week sampling period. For this reason, the activity by county associated with these
boats could not be included in the inventory. Furthermore, the number of vessels
associated with these three engine-propulsion combinations were not included in the
county-level estimates. The three engine-propulsion combinations listed in the notes in
Table 1 account for about one percent of the total vessel population.

Table 2 compares the annual emissions estimated in this study with the CARB’s 1990
inventory. Differences in total emissions occur because of the updated emission factors
and fuel consumption estimated in this study. The emission factors used by the CARB
for the 1990 inventory are based on AP-42 factors and do not include in-use effects.
Overall, NO,, TOG, and SO, emissions decrease by about 45, 18, and 85 percent,
respectively, while CO and PM increase by about 3 and 100 percent compared to the
1990 inventory.

Based on the survey data, temporal profiles are generated for monthly, weekly, and
diurnal activity. Plots of the profiles are included in Section 3 of this report.

TABLE 2. Comparison of statewide annual emission estimates between the current
updated inventory and those generated in 1990 by the CARB.

Annual Emissions (tons per year)

Fuel
Source 1000 gal NO, TOG* CcO SO, PM
Current 69,697 2,919 34,113 175,530 72 1,210

1990 CARB 125,834 5,299 41,278 171,157 476 605

2 Includes exhaust, evaporative, crank, and refueting.
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RECOMMENDATIONS

The fuel consumption data obtained in the survey were adjusted to account for
populations not included in the sample frame. These populations include rental vessels
and vessels documented with the United States Coast Guard. A previous study was used
to estimate fuel consumption for these populations (USCG, 1992). Better estimates of
fuel consumption, as well as temporal and spatial information, could be collected for
these vessels using a methodology similar to that for the DMV data and incorporated
into PCEM.

For rentals, a survey could target owners of businesses that rent vessels. The rental
survey could be conducted over a shorter time frame than the DMV survey, since
owners of these operations may have records on fuel usage for an entire year. Ideally,
this survey would be conducted during the summer when most of these businesses
operate. For documented vessels, a survey similar to the DMV survey could also be
conducted. This survey would require a longer time frame to account for varations in
seasonal usage. However, the survey could be modified to focus on usage of larger
vessels in the coastal waterways.
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1 INTRODUCTION

Boating on lakes, rivers, and in coastal areas is a popular recreational sport in
California. Because of the large number of California waterways available for boating
activities, emissions from pleasure craft are significant. Emissions from these sources
may be of particular concern to a county trying to attain air quality standards. For this
reason, the California Air Resources Board (CARB) contracted with Systems
Applications International (SAT) to develop an improved emission inventory for pleasure
craft in California. Pleasure craft include vessels with inboard engines, outboard
engines, sterndrive (also called inboard/outboard) engines, sailboats with auxiliary
inboard or outboard engines, personal watercraft such as jet skis, and other
noncommercial watercraft. Pleasure craft use both 2- and 4-stroke gasoline and diesel
engines.

The objectives of this study included the following:

. Review methodologies currently used by the CARB and other agencies to estimate
emissions of criteria pollutants from pleasure watercraft. Suggestions for changes
to this methodology were to be integrated into a revised methodology used to
improve the current inventory.

. Develop more accurate estimates of vessel population and usage, including spatial
and temporal variations in usage patterns.

. Apply information collected in the study to develop an improved inventory of
total organic gases (TOG), nitrogen oxides (NO,), carbon monoxide (CO), sulfur
oxides (SO,), and particulate matter (PM) emissions from pleasure craft.

During its review of the methods currently used to estimate pleasure craft emissions in
California, SAI was approached by the National Marine Manufacturers Association
(NMMA) regarding the proposed work and its relation to recent studies conducted by the
NMMA in association with the EPA and the State of Wisconsin. The NMMA suggested
that the survey methodology employed in the Wisconsin study be carefully reviewed by
the project team, as it could provide valuable suggestions for improving the current
inventory, and it agreed to provide additional funding to this study for the survey to be
expanded.

SAI and Freeman, Sullivan & Company (FSC), members of the project team that
performed the survey portion of this effort, reviewed the NMMA’s suggestions and
integrated this information into an improved survey methodology. The expanded survey
greatly modified the methodology from that originally proposed by SAI in March 1992
(e.g., survey of 500 boat marinas).
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In summary, the revised approach used in this study consists of the following:

. A random mail survey was conducted of vessels registered with the California
. Department of Motor Vehicles (DMV). The goals of the survey were to obtain
fuel consumption (gallons per vessel) and the usage patterns (e.g., where and
when vessel was used) associated with the vessel. The sample size of the survey
was chosen to ensure that the survey population on a regional basis was
statistically representative of the entire vessel population for that region.

. Adjustments to the fuel consumption obtained in the survey were made to account
for populations not included in the sample frame. These populations include
rentals and vessels documented with the U.S. Coast Guard. A recent study was
used to estimate fuel consumption for these populations (USCG, 1992).

. Emissions were estimated by multiplying fuel consumption by the appropriate
emission factors. An emissions model, PCEM (Pleasure Craft Emissions Model),
that generates county-level emissions by propulsion-engine type was developed for
California’s pleasure craft population.

Section 2 of this report discusses the design and results of the survey. Section 3
describes the emissions model, including development of the model inputs and resulting
emissions estimates.

BACKGROUND

State Health and Safety Code Section 39607(b) requires the CARB to inventory sources
of air pollution within the state and determine the kinds and quantities of air pollutants
emitted. This "emission inventory" contains an itemized list of emissions data for both
point and area sources of air pollution in a given region such as a county, air basin, or
state. Point sources are generally defined as individual sources emitting more than 10
tons per year of any criteria pollutant (CARB, 1991). Area sources are those that
individually emit relatively small quantities of air pollutants, but collectively result in
significant emission levels. The CARB must take steps to ensure that this inventory is as
accurate as possible for all sources of emissions.

In addition to California requirements, accurate emissions inventories are also mandated
by Federal law. Two of the major requirements of Title I of the 1990 Clean Air Act
Amendments (CAAA) include the preparation by states of improved emission inventories
and application (for certain nonattainment areas) of photochemical grid models.
Specifically, Title I specifies that a 1990 inventory of ozone precursor emissions (VOC,
NO,, and CO) be prepared for all ozone nonattainment areas. This inventory serves as
the base level of emissions from which reductions will be made and from which
Reasonable Further Progress (RFP) toward attainment of the requisite planned emission
reductions will be tracked. The major provision of Title I is that the development of the
State Implementation Plan (SIP) must be supported by the application of photochemical
grid models to demonstrate attainment in serious, severe, extreme, and multistate
moderate ozone nonattainment areas. For CO SIP development, the EPA is requiring
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that moderate areas with 8-hour average design values greater than 12.7 ppm CO use a
grid mode! such as the Urban Airshed Model (UAM) to simulate neighborhood-scale
concentrations. When used for these purposes, the spatial and temporal allocation of the
emissions in the region of interest are vital to the accuracy of the model.

Pleasure craft with diesel and gasoline engines are classified as area source categories
(Category of Emission Sources (CES) codes 58602 and 58610, respectively). These
represent two of approximately 200 area source categories in the CARB statewide
emission inventory. Because of the large number of waterways and the popularity of
boating activities in California, emissions from pleasure craft may comprise a significant
portion of the total emission inventory in areas attempting to meet air quality attainment
standards for pollutants such as CO and ozone.

CURRENT PLEASURE CRAFT INVENTORY

The methodology currently used by the CARB for assessing emissions from gasoline-
powered pleasure craft was based on data collected from studies conducted in 1972 and
1973 for the Department of Navigation and Ocean Development (DENOD, 1972 and
1973), with some modifications based on AP-42 emission factors (EPA, 1980). Ina
1980 inventory conducted for the CARB (KVB, 1980), a methodology for estimating
emissions from diesel-powered vessels was developed as well. The primary elements of
the current methodology are outlined below:

. The state’s pleasure craft population was determined by investigating pleasure
craft registration data with the DMV and the U.S. Coast Guard.

. Locations of pleasure craft boat operations were determined by dividing the state
into 11 water regions, which were consolidated into general boating areas.

. Data on average boat usage and fuel consumption were extracted from the
DENOD studies. These contained average values for fuel consumption and
boating days, boat length, method of propulsion, and fuel type of pleasure craft.

. DMV boat registration information was extrapolated and converted into a format
compatible with the DENOD studies.

. Fuel usage was spatially distributed among the waterways and coastal regions in
the state by studying boating activity for lakes, rivers, and coastal regions
separately. Fuel consumption was allocated as a percentage of the total fuel used
for each type of waterway.

. - Temporal distribution of fuel used was based upon monthly fuel sales data.
. Quality assurance measures of cross-checking data were taken by conducting

telephone or personal surveys of the fuel sold and the annual boat counts on lakes
and rivers and marina berths.
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. Emissions were determined by calculating the fuel used with known methods of
propulsion, either inboard or outboard, and fuel usage, either gasoline or diesel,
and by applying the appropriate AP-42 emission factors.

. The estimated margin of error in this methodology for determining pleasure craft
emissions is plus or minus 30 percent.
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2 SURVEY

Accurate assessment of activity levels and usage patterns is essential to the development
of an emissions inventory for a particular source category. For pleasure craft, this
entails accurately determining both the frequency of boat usage in each county and the
fuel consumption patterns related to such boating activity. Previous to this study, the
most recent detailed account of boating activity data in California was reported in the
1973 study Boaring Resources Development Planning (DENOD, 1973). Studies
conducted since then have relied on scaling the results of the 1973 DENOD data.

One means of collecting detailed and complete information to determine activity and
usage for pleasure craft is through an extensive survey, as was done for this study. A
statewide survey of over 10,000 registered boat owners in California was conducted over
a one-year period; the survey was jointly designed by SAI and FSC. FSC designed the
questionnaire, performed the sample size calculations, and collected and processed the
survey data. Before any surveys were mailed to boat owners, the CARB reviewed and
approved the survey packet.

The purpose of the survey was to evaluate the spatial distribution and utilization practices
of pleasure craft in California. The survey targeted private owners of pleasure craft,
which include but are not limited to vessels with inboard and cutboard engines, stern-
drive engines (inboard/outboard), sailboats with auxiliary inboard or outboard engines,
personal watercraft such as jet skis, and other noncommercial watercraft. The remainder
of this section describes survey design and protocol, and, finally, the results of the
survey.

SURVEY DESIGN

The design of the mail survey questionnaire, the wording of the questions, and the
accompanying cover letter were tested in a focus group of boat owners in the San
Francisco area in May 1993. In addition to improvements in the questionnaire wording
and design, the focus group results suggested that a non-government, personalized letter
explaining the purpose of collecting this information would be preferable to maximize
survey response. Subsequently a new cover letter was designed and printed on FSC
letterhead, addressing the concerns that the focus group raised. Each letter mailed was
personalized, that is, produced with the boat owner’s name appearing in the salutation.
There was no specific mention of the CARB or the NMMA in the cover letter. FSC
operated a toll-free number that could be called during business hours to assist boat
owners with questions about the study. This number appeared in the cover letter and on
the reminder postcard.
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Accompanying the questionnaire in the mail was a four-color map to assist boat owners
in identifying the California counties (by code number) where they used their boat. The
maps were designed specifically for this study. Since all of the sample is time related,
all mailings were delivered in a “business-like” envelope using first-class stamps
primarily to prevent the envelope from being discarded as “bulk mail” and secondarily
to ensure a rapid delivery. Appendix A provides a sample of the survey packet contents.

Survey Stratification

It is widely recognized that boat usage varies both temporally throughout the year and
regionally. To account for these variations, the survey was designed with three time
periods: Winter, Ozone, and Peak. The time periods are defined as:

* Winter—October through March (6 months)
* Ozone—April through September (6 months)
* Peak—June, July, and August (3 months during ozone period)

Boat usage is at a minimum during the Winter period and at a maximum during the Peak
period. Peak boat utilization occurs during the Ozone period. Due to the milder
weather in southern California, the Winter season is considered relatively important for
southern California and less so for the rest of the state.

It is also recognized that boat usage can vary in different parts of the state. Although
county-level estimates may be approximated, the available resources only allowed for
estimates to be made at the larger regional levels encompassing the significant air basins.
Counties were therefore aggregated into three regions as listed below.

Northern Region Counties: Butte, Del Norte, Glenn, Humboldt, Lassen, Modoc,
Nevada, Plumas, Shasta, Siskiyou, Tehama, Trinity, Yuba

Central Region Counties: Alameda, Alpine, Amador, Calaveras, Colusa, Contra
Costa, El Dorado, Fresno, Inyo, Kings, Lake, Madera, Marin, Mariposa,
Mendocino, Merced, Mono, Monterey, Napa, Placer, Sacramento, San Benito,
San Francisco, San Joaquin, San Mateo, Santa Clara, Santa Cruz, Sierra, Solano,
Sonoma, Stanislaus, Sutter, Tulare, Tuolumne, Yolo

Southern Region Counties: Imperial, Kern, Los Angeles, Orange, Riverside, San
Bemardino, San Diego, San Luis Obispo, Santa Barbara, Ventura

Independent samples of registered boat owners within these three regions were drawn
for each of the three seasons and regions. Note that Sierra County was placed in the
Central region rather than the Northern region. This issue is discussed further in
Section 3.
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Sample Frame

The sample frame used for the survey consists of the DMV database of registered vessels
(as of January 1993). The DMV requires that the majority of watergoing vessels in the
state be registered. While there are exceptions (vessels powered by oars or paddles,
sailboats less than 8 feet in length without motors, ship’s lifeboats, windsurfers, etc.),
the resulting database contains the vast majority of motorized pleasure craft currently in
use in the state. Access to this database was vital for the successful identification and
survey of pleasure craft owners necessary for this study. Relevant data contained in the
DMV database include:

Owner name

Address of owner, including county of residence

Type of vessel (e.g., sailboat, motorized dinghy, motor boat) and manufacturer
Length of vessel

Hull construction material (fiberglass, wood, etc.)

Engine type (inboard/outboard, inboard jet, other, etc.)

Fuel type (diesel, gasoline, other).

The DMV "other" categories identified above represent items that could not classified in
one of the DMV categories or information that was missing at the time of vessel
registration.

The version of the database supplied by the DMV for this study contained over one
million records, which were categorized by the DMV as pleasure, livery (rental), dealer,
manufacturer, commercial, youth group, or government-fee exempt. The DMV database
was culled to contain only currently registered vessels with engines that are categorized
as pleasure, including sailboats with auxiliary engines and personal watercraft. Since the
DMV database contained records for vessels that have not been registered for more than
several years, only boats registered on or after November 1, 1991 were sampled (e.g.,
the sample frame contained vessels that were registered in 1992 or 1993; all vessel
registration fees are collected once a year and are due by December 31). Table 2-1
summarizes the distribution of motorized registered boat owners in California based on
the DMV database. A total of 748,597 vessels are included in the sample frame. Note
that DMV reported 804,508 registered vessels in the state in December 1992; this value
includes vessels both with and without engines.

The sample frame was then divided into the three geographic regions based on the
county of residence of the boat owner. A unique random number was assigned to each
boat owner in each region; the data records were then sorted by that number. A unique
identity number, the FSCID, was attached to each record at this point. The FSCID was
encoded to identify the region as well as the individual boat owner. The sample group
to be mailed questionnaires was then selected from the top of each file. Records with
incomplete addresses were discarded and replaced. Also extracted from the DMV
database with the boat owner’s name, address and county was the boat registration
number, the registration date, the vessel type, propulsion type, fuel type, and the boat
length. This information was merged into the data file of all returned questionnaires.
The merging protocol and adjustments to the database because of missing data are
discussed later in this section.
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TABLE 2-1. Total sample frame counts of registered vessels based on the DMV

database.®
Fuel Type
Region Diesel Gasoline Unknown?  Totals
Northern
Qutboard 7 32,414 9,871 42,202
In/Out 16 11,433 2,685 14,134
Inboard 59 2,436 351 2,846
Jet 0 4,538 714 5,252
Other 2 504 1,390 1,896
Aux/Sail 120 381 227 728
Total 204 51,706 15,148 67,058
Central
Qutboard 66 123,751 29,956 153,773
In/Out 144 74,216 11,734 86,094
Inboard 1,863 16,295 2,235 23,393
Jet 12 33,270 3,838 37,120
Other 104 2,601 5,729 8,434
Aux/Sail 3,327 3,977 2,514 9,818
Total 5,516 257,110 56,006 318,632
Southern
Qutboard 89 123,447 18,608 142,144
In/Out 402 69,294 8,735 78,431
Inboard 3,151 18,866 3,009 25,026
Jet 21 90,218 4,305 94,544
Other 160 2,768 4,382 7,310
Aux/Sail 5,760 5,876 3,816 15,452
Total 9,583 310,469 42,855 362,907
Entire State 15,303 619,285 114,009 748,597

2 The sample frame includes only vessels categorized by the DMV as "Pleasure.”
b Unknown = DMV category "Other.” The DMV categorizes missing fuel types as "Other.”
Incorporation of the unknown fuel types is discussed in the next section.
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Sampling Period

Since it was crucial to obtain the best possible information on boat usage including fuel
consumption, it was decided to have boat owners report usage information for the
previous two weeks, which includes two weekends. This time frame was recommended
by the NMMA based on experience with similar studies. Respondents were asked to
recall the previous two weeks starting from the time they filled out the questionnaire.
They were also asked to enter the date they actually completed the questionnaire so that
their two-week period could be anchored in time during the calendar year. This “two-
week recall” approach was then built into the sampling strategy for the entire study.

The sample was distributed over the entire year. Sample size calculations were made for
each region and season. The Ozone/Peak seasons were sampled every two weeks; that
is, the calculated sample size for the Peak and Ozone seasons was divided into two-week
periods and a randomly selected batch of questionnaires was mailed out every two weeks
in each region. The less critical Winter season had a smaller sample size, which was
randomly distributed over October through March into six monthly mail batches instead
of two-week mailings. Only the South region was sampled in the Winter season because
of the minimal boat usage in the North and Central regions in the winter months.

Sample Design

A stratified sample design was used for this study as described above. The boater
population in California was geographically divided into Northem, Central, and Southern
regions and each region sampled independently. This approach better addresses boater
population differences in these three regions, particularly the relatively smaller
population in the Northern region.

The sample was calculated to achieve a minimum precision within each of these
geographic strata for each of the three seasons of Peak, Ozone and Winter. In
calculating sample sizes, an assumption of probable boat usage (and nonuse) was made
for each of the three seasons. On the recommendation of the NMMA,, it was assumed
that during the Peak period, 75 percent of boats are used and 25 percent are not used.
During the Winter period the opposite was assumed for the Southern region: 75 percent
nonuse and 25 percent boat usage. For the Ozone months that are not Peak (April,
May, and September) these proportions were arbitrarily set at 50 percent users and 50
percent nonusers. These assumptions were necessary in order to calculate a coefficient
of variation (c,) for a probable sample distribution. Since a continuous variable for
gallons of fuel purchased and/or used was essential to this study, it was assumed that the
proportion of boat nonusers would consume zero gallons and the consumption by boat
users would be normally distributed around some mean value. A value of 50 gallons
was assumed as the mean value to estimate the sample size. :

A model of the three season distributions (Winter, Ozone, and Peak) for 100 theoretical
boat users was developed. These data provided c, estimates, which allowed sample size
calculations to be made for different levels of precision and a 95 percent level of
confidence. A 95 percent confidence level means that 95 percent of all sampled values
will lie within two standard deviations of the mean value. The precision level relates to
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the degree of scatter in a set of data: less scatter means the data is more precise (has a
smaller precision term). The levels of precision selected were based on the available
resources to conduct a mail survey using these calculated sample sizes. The maximum
precision of 0.03 was set for the Peak season, followed by a precision level of 0.05 for
the Ozone season and 0.20 for the Winter season (Southern region only). The formula
used to calculate the sample size, n, is:

, .
n = (E) % c? @-1)
e
where
z = z-value of 1.96, representing a 95 percent confidence level,
e = set level of statistical precision for estimates of fuel consumption,

¢, = coefficient of variation, defined as the ratio of the standard deviation to
mean fuel consumption.

The resulting calculations required a total sample size of 5,473 surveys to be returned.
This is an optimal number given the study assumptions. The sample size per region and
season, with the set precision level and the ¢, used, is shown in Table 2-2. Without
knowing the actual distributions or the real means and standard deviations, the results in
Table 2-2 formed the basis for a reasonably large sample to be drawn for this study.

TABLE 2-2. Calculated sample sizes based on given precision and coefficients of
variation (c,).

Northern Central Southern Entire
Season Region Region Region State Precision c,
Winter - - 862 862 0.20 1.73
Ozone 1,537 1,537 1,537 4,611 0.05 1.00
Peak” (1,436) (1,436) (1,436) (4,308) 0.03 0.58
Total 1,537 1,537 2,399 5,473

* Sample sizes shown are a subset of total ozone season sample sizes.

Sample Size

The actual size of the sample to be mailed was the minimum sample size inflated to
account for a 50.5 percent response rate. This response rate was assumed based on
other surveys of a similar nature (e.g., mail survey with follow-up). Assuming that
approximately haif of the questionnaires mailed would be returned, the calculated sample
size of 5,473 was multiplied by a factor of 1.98, resulting in a mailed sample size of
10,844 initial questionnaires. This number was then distributed across the year by
season, assuming two-week mailings during the Ozone/Peak seasons and monthly
mailings during the Winter season. The sample mailing distribution by mailing batch
and region is shown in Table 2-3.
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TABLE 2-3. Number of questionnaires mailed by batch, season, and

region.

Northern Central Southern Total
Batch Season® Region Region Region Mailing
1 o/p 500 0 . 500 1,000
2 o/p 0 500 500 1,000
3 o/p 666 666 500 1,832
4 O/P 666 666 500 1,832
5 O/p 666 666 500 1,832
6 0 64 64 64 192
7 0] 64 64 64 192
8 w 64° 64° 64 192
9 W 64° 64° 64 192
10 W - - 366 366
11 W - - 366 366
12 W -~ - 366 366
13 W - - 366 366
14 W - - 366 366
15 O - - 366 366
16 0 64 64 64 192
17 0] 64 64 64 192
Total 2,882 2,882 5,080 10,844

8 O/P = Qzone / Peak Season; O = Ozone Season; W = Winter Season.
® These mailings were included to provide data for a complete ozone season.

Due to a short initial print run of maps and a faulty batch of mailing labels during the
start-up of the survey, scheduled mailings for Batch 1 Central Region and Batch 2 North
Region were missed. A very tight schedule to begin mailings to capture some part of
the month of June in the start of the survey contributed to these problems. The sample
in those two regions was redistributed among the remaining batches. No further
mailings were missed in the remainder of the survey.

SURVEY PROTOCOL

The survey packet that was mailed to those boat owners identified in the sample frame
consisted of a 9” X 11” addressed manila envelope containing a personalized cover
letter, the survey questionnaire personalized with the respondent’s boat identification
number, and a postage-paid business reply mail envelope addressed to FSC in San
Francisco. A two-sided color map showing the recreational waterways in California was
included to improve accuracy in the identification of counties where respondents used
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their boats. The Wave 1 packets were mailed to boat owners according to a
predetermined schedule given in Table 2-4. One week later a reminder postcard was
mailed, and two weeks after that, the Wave 2 mailing was sent out to nonresponders.

The number of packets to be mailed in each Wave 1 and reminder postcard batch was
based on criteria outlined in the sample design, and the number for each region was
designated to be a third of the total mailing for that batch except for Batches 1, 2, and
10 through 15, as shown in Table 2-4. The number mailed in the second wave of each
batch was the Wave 1 mailing for that batch minus the retumed questionnaires received
prior to the Wave 2 mailing date.

TABLE 2-4. Summary of survey packet mailing schedule.

Mail

Batch Wave 1 Postcard - Wave 2
1 7/1/93 7/19/93 7/30/93
2 7/16/93 7/27/93 8/6/93
3 7130/93 8/6/93 8/17/93
4 8/13/93 8/20/93 8/31/93
5 8/27/93 9/3/93 9/14/93
6 9/10/93 9/17/93 10/1/93
7 9/24/93 10/1/93 10/15/93
8 10/8/93 10/15/93 10/29/93
9 10/22/93 10/29/93 11/12/93
10 11/19/93 11/26/93 12/10/93
11 12/17/93 12/24/93 1/7/94
12 1/14/94 1/21/94 2/4/94
13 2/11/94 2/18/94 3/4/94
14 3/11/94 3/18/94 3/25/94
15 4/8/94 4/15/94 4/29/94
16 4/22/94 4/29/94 5/13/94
17 5/6/94 5/13/94 5/27/94

The returned surveys were stamped according to the date that they were received. The
unique bar-code FSCID was then scanned by the date returned into one of two case
identification files. The first file held those cases that constituted completed responses
(partially or totally filled-out surveys). The second file contained scanned original
survey packets that were returned because of a bad address (marked undeliverable by the
post office).

A batch control system monitored the current disposition of returned cases throughout
the post Peak season mailings. The control system facilitated the tracking of the number
of cases returned on a given date, the batch number assigned to each date, and whether

Final — June 1995 95001r2.20



2-9

the cases for a given batch were awaiting data entry, in process of data entry, or
returned after completion of data entry. The control system was also designed to aid in
locating individual questionnaires for verifying responses in the data cleaning and
analysis process.

On a monthly basis, FSC ran a response program on the case identification files to
generate a response status report. The response program produced counts by mail batch
of all completed returned cases, and those returned due to a bad address. The counts
were formatted in a report titled ARB Survey Response Rates. This report showed the
following for each region within the batch: the Wave 1 mail date, the Wave 2 mail
date, the number of sample points in each mailing, the completed cases returned, the
cases returned due to a bad address, the crude response rate (including bad addresses),
and the adjusted response rate (excluding bad addresses). The report also summarized
for each batch the crude and adjusted response rates and the cumulative adjusted
response rate.

All returned questionnaires were edited by FSC staff to eliminate any ambiguities and to
pre-code certain responses before being sent for key entry. The instructions that were
used for data editing are given in Appendix B. The coded batches were boxed and sent
to Data Processing and Accounting Service (DPAS) in San Francisco for data entry.
The batches were key-entered using a double entry system into a custom-built database
structure that conformed to the survey instrument. Each key-entry pass was performed
by different personnel to eliminate repetitive errors. The two data sets were compared
and any discrepancies were corrected in the data set. The corrected data set and file
structure were returned, along with the completed surveys to FSC. The double-key
entry method results in better than 99.8 percent accuracy of the key-entered data.

The survey data set returned from the data entry house in ASCIH format was converted
into an SPSS (a statistical software package) data file for further quality control and
verification checks. This included a check for uniqueness, that is, a routine search and
purge of any duplicate records. Summary statistics (frequencies) were produced for each
variable in the data set. Based on these initial frequencies, questionable cases were
identified for clarification. The cases were checked against the original questionnaire
pages for verification so that all answers are accurately represented in the data set.

SURVEY DATABASE

The survey database is available in electronic format in either Paradox (version 4.0) or
ASCI format. Each record in the database contains pertinent DMV database data (not
including the name and address of the vessel owner), "raw" and edited survey data, and
several fields which were added to aid in the data analysis. The final database contains
4,427 records; several hundred records had to be removed from the database due to
incomplete responses and duplications. The codes associated with each field in the
database are given in Appendix C. )

A screening program was developed and executed for the final data set to correct
respondent skip-pattern mistakes and to assign nonresponse values where necessary. For
Questions 2 and 3 of the survey, missing data were filled in with either DMV or default
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data. For example, question 3 asks the respondent to fill in the vessel’s propulsion type.
If this response was missing in the returned survey, then the screening program assigned
the propulsion type listed in the DMV database. The survey data were not compared to
the DMV data for inconsistencies. Both the "raw" and "assigned" responses are given in
the database for questions 2 and 3. These are identified as variables Q2_NEW and
Q3_NEW (assigned responses) and Q2_ORG and Q3_ORG (raw survey data) in the
database. :

Assignment of Other Fields in the Database

To aid with the data analysis, the following variables that are not included in the survey
instrument were assigned in the database. The database variable names are identified in
parentheses.

Record Identificarion (FSCID). A unique code assigned to each record in the database.

Region Code (REGCODE). Assignment of this code is based on the owner’s county of
residence. Vessel owners located in the Southern region were assigned a REGCODE
equal to 1, Central region equal to 2, and Northern region equal to 3.

Season Codes (SEASON and PEAK). Although the sample for each season was evenly
divided among a number of mailing batches, the dates for which the respondent chose to
report could not be controlled. The survey requested information for the two-week
period prior to the date the respondent completed the questionnaire. Accordingly, the
period being reported may or may not have been in the same season in which the
questionnaire was mailed. Respondents who procrastinated in filling out the
questionnaire might end up reporting data for the following season. To adjust for this,
all survey responses with eight days or more of the fourteen-day reporting period in a
different season from the mailing date were shifted forward to that season.

Two variables in the database relate to the season codes: SEASON and PEAK. The
SEASON code is assigned either Ozone or Winter. To distinguish between Ozone and
Peak seasons, PEAK is assigned either yes or no. Thus, if SEASON = Ozone and
PEAK = no, then the vessel responded during the Ozone season in the months April,
May, or September, but not during the Peak period (June-August).

Note that the sample was not mailed to Northern and Central regions in the Winter
season to obtain wintertime usage, but rather to complete the ozone season sample.
However, a small number of boat owners ended up reporting usage in the Winter season
due to the date they filled out their questionnaires. These are identified in the database
as Winter season for those two regions and probably should not be used in any Winter
season analysis due to the limited number of data points.

SURVEY RESULTS

A total of 10,844 initial survey packets were sent to boat owners. At the completion of
the survey period 5,636 (46 percent) were returned, 4,971 of which were mailed back by
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respondents and 665 of which were not deliverable by the post office due to “incorrect”
mailing addresses from the DMV database. When the 665 undeliverable cases are
removed from the denominator of 10,844 mailed, the 4,971 questionnaires represent an
adjusted response rate of 49 percent. The Ozone and Winter mailings have adjusted
response rates of 56 and 55 percent, respectively; the Peak mailing has an adjusted
response rate of 46 percent. The adjusted response rates by region are 51 percent in the
North and 48 percent in both the Central and South. "The response results are given in
Table 2-5 for each regional season and for the overall survey. A breakdown by each
mailing batch with the cumulative adjusted response rate over the entire survey year is
shown in Table 2-6.

TABLE 2-5. Survey response: Overall and by season for each region.

Number Total Bad Percent Adjusted
Region Mailed Returned Address Responses  Response Percent

Overall Survey Sample

Northern 2,882 1,536 113 1,423 49 51

Central 2,882 1,467 174 1,293 45 48

Southern 5,080 2,633 378 2,255 44 48

Overall Total 10,844 5,636 665 4,971 46 49
Ozone Season Sample

Northern 256 158 13 145 57 60

Central 256 142 18 124 48 52

Southern 622 370 48 322 52 56

Ozone Total 1,134 670 79 591 52 56

Peak Season Sample

Northern 2,498 1,304 95 1,209 48 50

Central 2,498 1,241 140 1,101 44 47

Southern 2,500 1,127 182 945 38 41

Peak Total 7,496 3,672 417 3,255 43 46
Winter Season Sample

Northern* 128 74 5 69 54 56

Central* 128 84 16 68 53 61

Southern 1,958 1,136 148 088 50 55

Winter Total 2,214 1,294 169 1,125 51 55

* These mailings were included to provide data for a complete ozone season.
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The precision associated with the fuel usage estimates are shown in Table 2-7. These
values were estimated using equation 2-1 in conjunction with the results of the survey.
As can be seen from Table 2-7, the precision associated with the fuel usage estimates are
about +6 percent for the Peak and Ozone seasons and +11 percent for the Winter
season (at a 95 percent confidence level). These values are slightly higher than those
originally estimated in Table 2-2 since the actual distributions were not known when the
survey was designed (it was designed based on the assumptions outlined previously).
Also included in the table are the number of registered vessels, estimated number of
boats being used, and the actual sample size (weighted) for each region and season.

Table 2-8 summarizes the population of the raw survey data and the average engine sizes
(in horsepower) by engine and propulsion type. Note that the raw survey data shown in
this table have not been adjusted to the sample frame; a discussion of the adjustment
factors is given in the next section.

NONRESPONSE STUDY

A study of nonrespondents was conducted to determine if those that returned their
questionnaires are in any way different from those who did not return a questionnaire.
This was done using a Computer Assisted Telephone Interview (CATI) survey
methodology with a sample of nonrespondents. The major concern was that there would
be a higher proportion of boat owners who did not use their boats among the
nonresponders. The hypothesis to be tested was that there was no difference in boat
usage between respondents and nonrespondents.

It was planned to interview 267 boat owners who did not reurn their questionnaires.
This random sample would provide a plus or minus 6 percent precision on the estimate
of boat usage. The study was to use a sample of the Peak season nonrespondents who
had not returned a questionnaire after September 15, 1993. The total number of
nonresponders per region was 1,516 cases in the Northern region, 1,559 cases in the
Central region, and 1,679 cases in the Southern region. Initially 400 cases were
randomly selected from each region. Using “411” directory assistance, telephone
numbers were located for 251 cases in the Northern, 241 in Central, and the 201 in the
Southern regions. Since the 693 numbers were not sufficient for the study, an additional
450 cases were randomly selected and 253 numbers located to yield a total of 946
telephone numbers. Estimates were made for each region based on a CATI
questionnaire developed by FSC and SAI. A copy of this questionnaire is in Appendix
D.

At the completion of the study, 946 numbers were called of which 73 percent resulted in
contact with a household. In 648, or 78 percent, of these contacted households a boat
owner was successfully located. Of these 648 boat owners, 17 percent (107) refused to
be interviewed, 15 percent (100) said they had since rerurned the questionnaire (not yet
received by FSC), 22 percent (140) did not own the boat any longer or it was the wrong
boat (4 percent) and 1 percent (9) had removed the engine. Of these contacted boat
owners, 292 or 45 percent completed the full telephone interview about their boat usage.
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A chi-square analysis comparing the proportion of boat users among these nonresponders
to the proportion of users among those that did respond showed no statistical differences
within any of the three regions. A weighted analysis combining the three regions for a
single statewide estimate also showed no statistical difference. These comparisons are
given in Table 2-9. Therefore, even though the response rate was just below 50 percent
for this study, there is no reason to believe that the proportion of boat nonuse for
nonrespondents differs from that of respondents.

TABLE 2-9. Comparison of peak season boat use for
respondents and nonrespondents.

Proportion Using Boat in the Peak Season
Responders Nonresponders

(Mail Survey) (Telephone Survey)
Region n=2712 n = 292
Southern 35.7% 39.8%
Central 39.0% 34.4%
Northern 38.3% 39.6%
Statewide 37.5% 37.6%

(weighted)
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3 PLEASURE CRAFT EMISSIONS INVENTORY

This section describes the development of an updated emissions inventory for pleasure
craft in California. For pleasure craft registered with the DMV, a survey was conducted
to assess temporal and spatial usage, as well as fuel consumption. This survey,
described in Section 2, collected data for a one-year period (June 1993 through May
1994) from randomly selected registered boat owners in California. The survey results
are used in this section to estimate pleasure craft emissions in California.

The emissions associated with rental vessels and Coast Guard documented vessels are
estimated based on the results of previous studies. Emissions for pleasure craft in
California are estimated using an emissions model developed for this study, called
PCEM (Pleasure Craft Emissions Model). This section describes the development of the
PCEM input data and the resulting emissions estimates. County-level emissions by
engine-propulsion type are presented at the end of the section.

EMISSIONS ESTIMATION METHODOLOGY

This study focused primarily on vessels registered with the DMV, which comprise the
largest portion of the population and contribute the most to the total vessel emissions.
Adjustments to account for fuel consumption by vessels documented by the Coast Guard
and rental vessels are also included in the inventory.

Emissions by region (Northern, Central, and Southern) were estimated for engine and
propulsion types with the following equation:

E;,=F, xE; (3-1)
where
E; = emissions (pounds per year) for engine type / and propulsion type j
Fyj = annual fuel consumption (thousand gallons per year) in each region

for engine type i and propulsion type j
E. = emission factor (pounds per thousand gallons) for each engine type i
and propulsion type j

The distribution in fuel consumption between gasoline-powered 2-stroke and 4-stroke
engines is based on the survey data, since these data were not available from the DMV
database. The total fuel consumption in a region is further stratified by engine size
classifications for each engine and propulsion type. For 2-strokes, the size
classifications are dictated by the emission factors as described below.
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Annual Fuel Consumption

The annual fuel consumption used to estimate the emissions in PCEM is estimated from
the results of the survey. The survey asked respondents to quantify fuel purchased and
fuel consumed (in gallons) during the previous two-week period. A two-week period
was chosen for easy recall. Both questions were asked since it was not certain if some
vessel owners could give a good estimate of fuel consumption in a two-week period
(some boats do not have easy-to-read fuel tank gauges). The amount of fuel purchased
should be simpler to quantify, since fuel is normally purchased at a gasoline station or
marina where the quantity is metered. Based on the survey data, survey respondents
tended to underestimate fuel consumption compared to fuel purchased by about 41
percent. Accordingly, the fuel consumed was adjusted to reflect this underreporting of
the data. Note that the fuel purchased is not a good indication of where the fuel is used
or emissions are emitted, since fuel may have not been purchased in the two-week period
but the boat may have been used.

The fuel consumed in a two-week period was extrapolated for vessels with similar
engine-propulsion types to estimate the total annual fuel usage by region and engine-
propulsion type, based on the following equation:

Fy =3 (f,x Txkx Wep (3-2)

k=1

where

Sy = two-week fuel consumption for vessel k with engine type i and
propulsion type J;
n; = number of boats in the region with engine type i and propulsion type
J;
number of two-week time periods in the season; and
We, = weighting factor to extrapolate vessel fuel consumption to that of the
entire population for boat k (defined below).

N’
I

Before assignment of fuel consumption to a engine and boat type, survey responses were
checked for validity. Table 3-1 summarizes the assumed valid responses for the
different propulsion types. '

To estimate emissions for California’s vessel population, the survey’s fuel consumption
data collected during the survey were extrapolated to represent fuel consumption for the
entire registered vessel population. A set of scaling factors, called population weight
constants, were developed for each boat type, region, and season. The population
weight constants were multiplied by the fuel consumption of the survey population to
extrapolate the data to represent the entire registered population. For example, there are
20,000 registered vessels of boat type X. If 500 surveys were returned by the owners of
boat type X, then the scaling factor, or population constant, that would be used to
extrapolate the fuel consumption would equal 20,000/500 or 40. This factor would
adjust the total fuel consumption for each vessel to represent 40 registered vessels. Note
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TABLE 3-1. Valid engine-propulsion combinations assumed during assignment of fuel
consumption.

Engine Type
Propuision Type 2-Stroke 4-Stroke Diesel
Outboard v ' v e
Inboard/Outboard e
Inboard Propellor v v/
Inboard Jet v
Personal Watercraft v
Sailboat w/Auxiliary v/ v v/

that this discussion has been simplified to illustrate the methodology used to scale the
survey fuel consumption. The actual extrapolation methodology is somewhat more
complicated and is described below.

To extrapolate the survey population to represent the entire vessel population in
California, population weight constants, We, were developed by fuel and propulsion
classifications, as given in the DMV database. The population constant is a multiplier
that is applied to each vessel in the survey; this constant varies by season and region.
This results in a number that represents the population of registered pleasure craft in
California for a specific propulsion and fuel type. . The formula used to estimate the
population constant for each region and season is:

P,
Wev = [.—b] (3'3)
5y X Wp,l.
where
Py = number of registered boats of fuel‘type I and propulsion type J;
s; = number of respondents with boats of fuel type / and propulsion type
J; and
Wpy; = weighting factor that adjusts the fuel consumption to assure

proportionality to the sample frame for vessels with fuel type ! and
propulsion type j (defined below). '

For example, the parameters for estimating the weighting factor for the Northern region
during the Peak season for gasoline-powered (G) outboards (O) are Pgo = 42,202,

SGo = 379 (note that this is the total number of respondents that responded to the
survey, not just those that boated), and Wpgo = 0.9958. The estimated population
weight is equal to 73.2; this factor adjusts the survey population of one gasoline-powered
outboard to represent about 73 vessels during the Peak season in the Northern region.
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The weighting factor, Wp, was developed to adjust the survey population to that of the
sample frame (DMV database). The formula used to adjust the data in a given region
within each season is:

P,
el
Lot SU N
where
P, = total number of registered vessels;
Py = number of registered vessels of fuel type ! and propulsion type j;.
5o = totl number of survey respondents; and

s = number of survey respondents with boats of fuel type / and
propulsion type j.

This weighting scheme allows fuel consumption to be estimated for each region within a
season and is specific to a vessel’s fuel type (gasoline or diesel) and propulsion type
(outboard, inboard-outboard, inboard, jet, sailboat auxiliary, or other). The fuel and
propulsion types are dictated by the DMV database categories. There are about 114,000
vessels in the database with missing or unknown fuel types. It was assumed that these
vessels have the same distribution of fuel types as the known 640,000 vessels in the
database based on testing the survey respondents with missing DMV fuel types. Note
that if We is close to one, then the survey population matches that of the sample frame
proportionally. For those factors greater than one, the survey population is
underrepresented compared to the sample frame and the opposite is true for those factors
less than one (the sample population is overrepresented compared to the sample frame).
Most of the weights are close to one. The calculated weights, We and Wp, are given in
Appendix E.

In the Central and Northemn regions, there are no survey-based winter fuel consumption
data since the survey was not conducted in these regions during the winter. To estimate
the fuel consumption during this period, the data collected in the Southern region were
used to estimate the decrease in boating activity that occurs in the wintertime. The
decrease in fuel consumption in the South between the Ozone and Winter seasons are 50,
65, and 23 percent for 2-stroke (excluding personal watercraft), 4-stroke, and diesel
engines, respectively. The difference in fuel consumption for personal watercraft was
accounted for separately with a decrease in activity of about 86 percent based on the
survey results. These Southern region percent reductions were applied to the Northern
and Central ozone season fuel consumptions to yield an approximate wintertime fuel
consumption. Since boating activity in the Southern region should be greater in the
winter than in the Northern and Central regions, this assumption should yield a
conservative estimate of emissions in these regions in the winter.

The annual regional fuel consumption (in gallons per year) by engine-propulsion type
and region is incorporated into PCEM with a user-specified input file. The input file,
presented in Appendix G, is based on the survey data and the methodology discussion
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above. Total annual fuel consumption from the registered vessels is estimated at
58,001,700 gallons.

Adjustments for Rental and Documented Vessels

Since rental and documented vessels were not included in the sample frame, the fuel -
consumed by these vessels had to be estimated in a different manner than discussed
above. The fuel consumed by these vessels is estimated by utilizing data collected for
the Narional Recrearional Boating Survey, sponsored jointly by the U.S. Fish and
wildlife Service and the Coast Guard (USCG, 1992). This study was conducted during
1990-1991 to ascertain the boating habits of recreational boaters. Vessel owners logged
fuel usage during a three-month period and then forwarded the log sheets to the
contractor collecting the data. Estimates of total fuel consumption by propulsion type
and total populations were generated. This study was not designed for emissions
estimation and could not be used instead of the survey. However, some of the data
collected in the study are useful for extrapolating the fuel consumption of rentals and
documented vessels.

Rental fuel usage is estimated utilizing data collected in the Narional Recreational
Boaring Survey. To quantify rental fuel, a telephone survey was conducted of 5,021
randomly selected households in the United States. The telephone survey resulted in.an
estimate of fuel usage for rentals of about 4 percent of the total recreational fuel usage.
This percentage is applied statewide to the survey fuel consumption estimates in PCEM
to account for rentals in the emission estimate. Applying the factor evenly over the fuel
consumption assumes that the rental population is similar to that in the DMV database.

In addition to fuel used by rentals, an adjustment is included in PCEM for vessels
documented with the Coast Guard. These vessels tend to be larger and are often used
for commercial purposes. Some pleasure craft are documented with the Coast Guard
and not registered with the DMV. To account for fuel used by these vessels, the
population of recreational documented vessels was estimated at 93,900.1 From that
population, the relative percent of vessels with 2-stroke and other (4-stroke and diesel)
engines were estimated?. From these percents and the total estimated population, the
missing documented population was estimated for 2-stroke and other engines assuming
that the outboards have 2-stroke engines and the inboards have other engines. Based on
the number of estimated documented vessels and those in the DMV database,
approximately 9 percent of the total 2-stroke population, excluding PWCs, and 16
percent of the 4-stroke population should consist of documented vessels. By assuming
that the annual fuel consumption estimated with the survey data is proportional to the
percent of the missing population, the fuel consumption estimates can be adjusted to

1 This pumber is based on the total recreational boating population of 898,800 vessels given in the
National Recreational Boating Survey and the number of registered DMV vessels (804,903) at the time of the
survey. These populations include vessels without engines.

2 Data provided by the NMMA indicates that about 35 percent of California's documented vessel
population is outboards and the remainder inboards (Morgan, 1994). This includes both commercial and
pleasure craft documented with the Coast Guard.
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account for the missing documented vessel population by 9 and 16 percent for non-PWC
2-stroke and other (4-stroke and diesel) engines, respectively.

Total statewide fuel consumption, after the adjustments for rentals and documented
vessels, is 69,696,700 gallons. This value corresponds well to that estimated in the
Narional Recreational Boating Survey of 72,297,000 (£10.5 percent) gallons. However,
this value is much less than that used in 1990 by the CARB of 125,934,000 gallons per
year (CARB, 1991), which is based on the DENOD study projected to current levels. It
should be noted that the average fuel consumption per boat is estimated at 77 gallons per
boat in the Natrional Recreational Boaring Survey and 77.5 gallons in this study (this
average includes only the DMV data).

As with the annual regional fuel consumption, the fuel adjustment factors discussed
above are included in PCEM through a user-specified input file. In PCEM, these factors
are applied statewide to the fuel consumption to account for documented and rental
vessel fuel usage. However, the documented vessel factor is not applied to personal
watercraft in PCEM, since they tend not be documented with the Coast Guard.

The annual regional fuel consumption estimates used by PCEM do not include
allowances for the fuel usage for nonresident boaters or vessels that are neither
registered nor documented. Exclusion of these estimates should not compromise the
quality of the emission estimates, since these populations should represent only a small
fraction of the total boating population in California.

Emission Factors

Emission factors for TOG, NO,, and CO were provided by the NMMA for 2-stroke, 4-
stroke, and diesel engines. Additional emission factors specifically applicable to
personal watercraft were also contributed. The NMMA factors were used by the EPA in
the Nonroad Engine and Vehicle Emissions Study (NEVES) and represent data from the
following manufacturers: Honda, Mercury Marine, Outboard Marine Corporation,
Volvo, and Yamaha (EPA, 1991). The emissions factors provided by the NMMA are
shown in Appendix F. For particulate and hydrocarbon emissions associated with
refueling, evaporative, and crankcase operations, the emission factors developed in
NEVES are used.

Emission factors for SO, were estimated from the sulfur content of fuel sold in
California during the inventory year. For gasoline, the emission factor is based on a
sulfur content of 151 ppm wt and a fuel density of 6.2 1b/gal. For vessels using diesel
fuels, the emission factor is based on a sulfur content of 500 ppm wt and a fuel density
of 7.1 Ib/gal. The sulfur contents used to estimate the emission factors were provide by
CARB staff (Grant, 1994); the fuel densities are listed in AP-42 (EPA, 1985).

Emission factors vary considerably by engine size for 2-stroke engines, and a direct
relationship between horsepower and emission factors can be correlated for
hydrocarbons. For this reason, the emission factors for 2-stroke engines were grouped
into sizes with similar emissions and the emission factors averaged for each engine size
group. Table 3-2 summarizes the emission factors (g/hp-h and 1b/1000 gal) for 2-stroke
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TABLE 3-2a. Summary of emission factors (g/hp-h) for 2-stroke
engines by engine size category.

Engine Size 2-Stroke Emission Factors (g/hp-h)
Category

(horsepower) TOG NO, Co PM SO,
< 4 287 0.7 369 7.1 0.13
4-9 254 0.8 348 7.1 0.13
10-29 135 1.6 276 7.1 0.13
30-49 120 1.0 194 7.1 0.13
50-74 115 2.0 187 7.1 0.13
75-99 106 2.0 200 7.1 0.13
100-149 115 1.0 259 7.1 0.13
150-199 106 1.2 226 7.1 0.13
= 200 114 1.1 210 7.1 0.13

TABLE 3-2b. Summary of emission factors {(Ib/1000 gal) for 2-stroke
engines by engine size category. Different emission factors were used
to estimate the emissions for PWC (see Table 3-3). The EPA NEVES
emission factors for 2-stroke outboard engines are shown for

comparison.
Engine Size 2-Stroke Engine Emission Factors (b/1000 gal)

Category
(horsepower) TOG NO, co PM SO,
< 4 2,160 6.0 2,770 106 1.9
4-9 1,983 10.3 2,980 106 1.9
10-29 1,640 19.0 3,136 106 1.9
30-49 1,510 18.0 3,960 106 1.9
50-74 1,537 26.7 2,765 106 1.9
75-9% 1,590 30.0 2,925 106 1.9
100-149 1,615 18.3 3,420 106 1.9
150-199 1,595 17.5 3,520 106 1.9
= 200 1,530 18.0 3,363 106 1.9
NEVES Factors 1,605 19.3 2,992 106 6.4
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engines by power category. Since the emission factors provided in this report are not
for an average engine size and propulsion type, they differ from the emission factors

estimated by the EPA in NEVES.

Since the size of the engine is known from the

survey data, the factors presented in Table 3-2 are more appropriate for use in this study
than the EPA NEVES factors. Appendix F provides an example calculation for
estimating the average emission factors.

NMMA also provided nine sets of emission factors (TOG, NO,, and CO) for personal
watercraft (PWC). Since PWCs do not tend to vary much in engine power (about 40-70
horsepower), average emission factors were estimated as shown in Table 3-3.

TABLE 3-3a. Summary of emission factors (g/hp-h) for personal watercraft, 4-
stroke, and diesel engines.

Emission Factors (g/hp-h)
Engine Propulsion i
Type Type TOG NO, co PM SO,
2-Stroke PWC 144 0.84 263 6.9 0.12
4-Stroke All 9.1 54 151 0.07 0.08
Diesel All 2.6 11.3 4.7 0.34 0.10

TABLE 3-3b. Summary of emission factors (1b/1000 gal) for personal watercraft
(PWC), 4-stroke, and diesel engines included in PCEM (indicated in bold). The
EPA NEVES emission factors are included for comparison.

Emission Factors (Ib/1000 gal)
Engine Type  Propulsion Type TOG NO, co PM S0,
2-Stroke PWC 2,210 12.8 4,030 106 1.9
NEVES*® Out 1,605 19.3 2,992 106 6.5
4-Stroke All 151 101 3,233 1.6 1.9
NEVES Stern/In 160 101 2,676 1.6 6.4
NEVES Out 193 147 3,134 1.6 6.4
Diesel All 188 388 418 24.0 7.1
NEVES Sail/Aux 270 360 480 24.0 269
NEVES Stern/In/Out 53.8 380 Bl.5 240 269

* Since the EPA did not provide emission factors for PWC, the emission factors for 2-stroke
outboards are provided for comparison with the NMMA factors.
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Unlike 2-stroke engines, no clear correlation exists between emission factors and engine
power for 4-stroke and diesel engines. Displacement per cylinder for 4-stroke gasoline
sterndrive and inboard engines varies over a relatively small range (approximately 0.7 to
1 liter) (Morgan, 1992). For this reason, simple averages have been utilized to estimate
the emission factors for both 4-stroke and diesel engines. Table 3-3 summarizes the
emission factors (g/hp-h and 1b/1000 gal) used by PCEM for these engine types.

Refueling, evaporative, and crankcase hydrocarbon emissions were estimated based on
the NEVES emission factors developed by the EPA (EPA, 1991). These factors are
based on factors developed for other engines, such as lawn mowers. The NEVES
factors are given in Table 3-4.

TABLE 3-4. Summary of pleasure craft crank, evaporative, and
refueling emission factors NEVES, 1991).

TOG Emission Factors*
Fuel and Crank Evaporative Refueling
Propulsion Type 1b/1000 gal Ib/hr 1671000 gal
Gasoline-Powered
Inboard NA 0.57 11.3
Outboard 63.8 NA 19.3
In/Out NA 0.14 11,7
Sail w/aux In NA 0.04 19.3
Sail w/aux out 63.8 NA 19.3
Diesel-Powered '
Inboard NA NA 0.09
Outboard 1.1 NA 0.0
In/Out NA NA 0.0
Sail w/aux In NA NA 0.0
Sail w/aux out 5.4 ‘ NA 0.0

* N/A = not available,

The emission factors given in the previous tables were adjusted for in-use effects (or
deterioration) with the adjustment factors given in Table 3-5. Note that these are the
same factors that were used in NEVES (EPA, 1991).

TABLE 3-5. Adjustment factors for emission factors
for in-use effects (NEVES, 1991)

In-Use Factor

Engine Type TOG NO, Co
2-Stroke 1.2 1.0 1.2
4-Stroke 1.5 1.0 1.3
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The factors provided in Tables 3-2 through 3-5 are included in PCEM using a user-
generated input file. A sample of the input file is given in Appendix G.

Spatial Allocation

Once the regional emissions are estimated in PCEM, they are allocated to the county
level using allocation factors representing the proportions of fuel consumed in a county
by either 2-stroke or other engines (4-stroke and diesel). Because of the variation in
emission factors and activity patterns, separate factors were developed for the different
engine types.

The allocation factors for each engine type are based on the survey data. For each
boating day in the two-week period, the respondents listed the counties in which boating
occurred, total amount of time on the water in all of these counties, and the percentage
of time the engine was used during the day. From this information, fuel consumption
for a two-week period is allocated to a daily usage by county and engine type (2-stroke
or other). This quantity is then summed over the year by county and region and
adjusted for registered county population within a region. The adjustment is necessary
to account for over- or undersampling of the total number of vessels in a county. The
allocation factors in a region, 4, ,, are defined for each county ¢ and engine type m as:

A = c,m [3

M ranery (3-5)
E (Fr;n 'P’,/S’)

0

where

nety

the number of counties in a region

F = annual fuel consumption by county and engine type
P = number of registered vessels in a county
s = number of survey responses in a county

After generation of the allocation factors, it was noted that several of the counties,
including Kings, Inyo, and Imperial, only had activity reported in the survey for one of
the two engine categories (2-stroke or "other"). If no activity was reported for a given
engine type, the smallest factor estimated for the region was assigned for that county and
the allocation factors were renormalized. No activity was reported for San Benito
County, even though several vessel owners living in San Benito responded to the survey.
The regional minimum allocation factor was assigned to this county for all boat types to
be consistent with the other minimum allocation assignments.

PCEM uses the allocation factors developed from the survey data for 2-stroke and other
engines (4-stroke and diesel). The data used to generate the county-level emission
estimates are given in Appendix G.

Final — June 1995 ' 95001:2.30
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Temporal Variation

For photochemical modeling purposes, adjustment of the inventory to represent ozone
season emission levels is extremely important. The data collected in the survey are used to
generate ozone season adjusted emissions data. The survey data were collected during the
Peak, Ozone, and Winter seasons. A seasonal adjustment factor, SAF, was estimated by

SAF = F, . * 12 months (3-6)
F_ . X Ozone Season length :

where the length of the ozone season is 6 months (April-September). The SAF estimated
with the survey data equals 1.64. Based on the survey data, there is little variation in the
SAF by engine type. The emissions £ for an average ozone day are estimated by

- Annual Emissions x SAF (3-7)
Activity Days per Week x 52 weeks

For pleasure craft, activity days per week equal seven. As with the other emission-related
parameters, the SAF is a variable used by PCEM that is inputted to the model through a
user-specified input file. Appendix G contains the packet used by PCEM to estimate
ozone-adjusted emission data. The temporal profiles are shown in Figures 3-1 through 3-4
and summarized in tables in Appendix H.

From the survey data, average monthly, weekly, and diurnal activity patterns were
estimated. Figure 3-1 illustrates the monthly distribution of fuel consumption (or
emissions) by region and season (Peak, Ozone, and Winter). As can be seen from the
plot, there is little variation between regions with the largest activity occurring during the
Peak season. During the Ozone season, the Northern and Central regions experience
slightly more fuel usage than the Southern region, and the opposite effect occurs in the
Winter season. '

In Figure 3-2, profiles are shown of the average weekly activity for both the Winter season
and the entire year. Regional variation is not given in this figure, since variation was
insignificant. As can be seen from the plot, usage during the week is fairly flat with a
slight increase in activity on Friday. Usage increases dramatically on Saturday, where it
peaks during the Winter season (Southemn region only). Average annual usage peaks on
Sunday. The Peak and Ozone season profiles follow the annual profile since these seasons
are about 75 percent of the total annual boating activity.,

Diurnal usage averaged over the year, shown in Figure 3-3, peaks about 1 pm with little
variation between regions. The profiles appear to follow a normal Gaussian distribution
with an increase in activity occurring about 6 a.m. and tapering at 9 p.m. As with the
weekly activity, the profiles are dominated by the Ozone and Peak season, since the
majority of activity occurs during these seasons. For comparison, the Winter season
diurnal usage is shown in Figure 3-4. This profile reflects activity that occurred only in
the Southern region. As expected, activity begins about the same time of the day but
tapers off earlier in the day, about 6 p.m., because of shorter daylight hours in the
wintertime.
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EMISSIONS INVENTORY

The following is a summary of the updated emissions inventory for pleasure craft in
California. This inventory is based on the previous discussion and the emissions model
PCEM. For details on the model, see Appendix G.

Tables 3-6 through 3-8 summarize the county-level emissions, which were created using
the methodologies described above. These tables are standard output for PCEM. Table
3-6 shows emissions of NO,, CO, SO,, PM, and TOG (including exhaust, crankcase,
evaporation, and refueling) for an annual average day.? Summaries are provided by
county and engine-propulsion combinations where the code to the left of the propulsion
type is for the engine type. Codes G2 and G4 represent gasoline-powered vessels with
2- and 4-stroke engines, respectively. Code D is for diesel-powered engines.

The notes at the end of the tables indicate that survey data with activity was not received
for the three engine-propulsion combinations: gasoline-powered "other" vessels in the
Central region, diesel-powered "other” vessels in the Southern region, and diesel-
powered outboards in the Southern region. For example, there are 102 diesel-powered
outboards registered with the DMV in the Southern regions. Of these 102 vessels, none
of the owners of these vessels responded to the survey that they had used their boats
during the two-week sampling period. For this reason, the activity by county associated
with these boats could not be included in the inventory. Furthermore, the number of
vessels associated with these three engine-propulsion combinations could not be included
in the county-level estimates. These vessels account for about one percent of the total
vessel population.

Table 3-7 summarizes emissions for an average day during the ozone season. The
annual average daily emissions are adjusted with a seasonal adjustment factor as
discussed above. Both of these tables also show the approximate number of boats that
actually operate in the county during the year, instead of the registered population for
each county. Note that these values do not include the population of documented or
rental vessels.

Table 3-8 presents the emission data summarized on the county level and includes the
average emissions in a county in pounds per 1000 gallons. As can be seen, the average
emissions in a county can be an indication of the type of boating activity that occurs in a
county. For example, the average NO, emissions for Santa Clara are larger than for
most of the other counties. This is because the population and emissions (or fuel usage)
in the county are dominated by inboard/outboard vessels and the NO, emission factor
associated with 4-stroke engines is larger than that for 2-stroke engines. The TOG
emissions presented in this table include exhaust emissions only.

Note that the vessel populations given in these tables do not include rentals or
documented vessels. Data were not available on the population of rental vessels or
' (Conrinued on p. 3-49)

3 Anpual average day = Annual emissions/365 days per year.
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where they boated. For documented vessels, a population was estimated but not
included in the totals since this number is only a rough estimate and no current data are
available on where these vessels are operated. In addition, the vessel populations given
in the tables do not correspond to the total given in Table 2-1. This is because of the
way the population is allocated to the counties from the regional level. In PCEM, if the
population of an engine-propulsion type is less than one, after multiplication of the
allocation factor by the regional population, a minimum population of one vessel type
per county is assigned.

As noted in Section 2, Sierra County was included in the Central region instead of the
Northern region for this study. The error associated with this assignment results in a
less than one percent change in county-level emissions (i.e., the emissions for each
county change on average by about one percent). If Sierra County’s emissions were
moved to the Northern region, statewide emissions would not change, but rather there
would be an insignificant redistribution of the emissions within the counties.

Statewide annual emissions for the period of the survey are given in Table 3-9 and are
compared to the CARB 1990 inventory. As stated earlier, the total annual fuel
consumption estimated in this study is about half of that estimated by the CARB. The
CARB estimate is based on the DENOD study done in the early 1970s and projected to
current levels. The quantities estimated in this study, however, do correspond well with
those estimated for California in the Narional Recreational Boating Survey. Since the
total and average fuel consumption data correspond well between these two more recent
studies, it is assumed that fuel consumption was overestimated for the 1990 inventory.

The differences in the emission totals given in Table 3-9 occur because of the updated
emission factors and fuel consumption estimated in this study. The emission factors used
by the CARB for the 1990 inventory are based on AP-42 factors and do not include in-
use effects. Overall, NO,, TOG, and SO, emissions decrease by about 45, 18, and 85
percent, respectively, while CO and PM increase by about 3 and 100 percent compared
to the 1990 inventory.

TABLE 3-9. Comparison of statewide annual emission estimates between the
current updated inventory and those generated in 1950 by ARB.

Annual Emissions (tons per year)
Source (loggeigal) NO, TOG® Co SO, PM
Current 69,697 2,919 34,113 175,530 72 1,210
1930 ARB 125,834 5,299 41,278 171,157 476 605

& Includes exhaust, evaporative, crank, and refueling.
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Freeman, Sullivan & Co.

T : 1T : I T I
131 Steuart Shee! Jel: (415) 777.070
Suife 500 fox: (415) 777-24:%

San fFroncisco
CA 94105 .
August 27, 1995

e

The State of California and boat manufacturers are jointly sponsoring a scientific
study on the use of boat and other watercraft engines in California. This study is
vitally important to the production of new engines to be designed to help preserve
California’s boating environment for future generations. These results will not
affect existing marine engine techiology in use today.

Freeman, Sullivan and Co.. an independent research laboratory, is conducting this
study. Based on a profile of registered boalters in California, you and a small
number of other registered boat owners have been randomly selected to represent
how boats or personal watercraft (for example, a Jetski or Waverunner) are used in
the state.

All the information rou provide will be kept confidential. Your name and address
will not be revealed or given out to any commercial enterprise or govermnent
agency.

Please {iil out the enclosed questionnaire as accurately as possible. We have done
evervthing we could to make it quick and easy for you to complete. It should take
less than ten minutes,

The questions relate w your boal and its engine. You will also be asked to identify
by California county your hoat usage in the past (wo weeks. To help you correctly
identify the counties where you boal, we have provided a color map showing major
waterways and lakes. Please keep this map for vourself and return only your
questionnaire to us in the postage-paid envelope.

A quick reply will prevent future reminders being mailed o you. 1urge vou to
J)_Iease try o complele this today. H you have any questions, please call me at 1-800-
777-0737. Thank you in advance fur your cooperation,

Sincerely,

iSogra
Research Director

Vessel/Hull 1D No.
31013181
Enclosures.
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Freeman, Sullivan & Co.
REGARDING YOUR REGISTERED BOAT

Sailboats with Engines + Power Beals « Other Boals wilth Engines « Personal Water Craft

® If you own the boat listed above and this boat is powered by an engine:

You should complete this form today and return it in the enclosed postage-paid
envelope. Please begin on the next page.

In this study. you represent hundreds of other boat owners like yourself!

° |f you no longer own the boat listed above

or

the boat is not powered by either a primary or auxiliary engine:

You only need to complete this cover page.

Please check the appiopriate box below and return the blank form in the
enclosed postage-paid envelope. Thank you!

Wl | no longer own the boat

O I own a sailboat with no auxiliary engine

4 I'own a boat that is not powered by an engine
d

| have never owned this boal



All questions refer ONLY 1o the boat with the registration number printed on

the front page next to your name.

1. Check the one category which describes your registered boat.

DH Saiiboat with engine
a ., Personal Water Crait (Jetski, Waverunner, etc.)

[—_—L.3 Power Boat (cruiser, speedboat, heuseboat, etc.)

2. Which category below describes your primary propulsion engine?

(Do not describe any secondaiy propulsion used for low speed troiling and fishing.)

D2,1 Two-Stroke Gasoline Engine (requires gasoline and oil fuel mixture)
Dz_z Four-Stroke Gasoline Engine (has an oil sump and dipstick)

Dza Diesel Engine (either 2 or 4 Stroke. requires diesel tuel)

3. Which one of the foliowing is the primary propulsion type for your boat?
(Include auxiliary motors for sailboats, but do not include secondary motors for low speed

trolling or fishing. Please read all choices.)

(J,, Outboard

[,, sterndrive (Inboard/Outboard)

Q .3 Inboard Propeller

| ;o Inboard Jet

| 45 Personal Water Craft Jet (Jetski engine, Waverunner engine, elc.)

Other (please specify):
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How many primary propulsion engines are on this boat?
(Include auxiliary motors lor sailboats. but do not include secondary molors for low speed

trolling or fishing.)

D“ One
' Dae Two

Dda More than two. Please specify number:
What is the horsepower for each primary engine?
(If unsure, you might check the specilications in the owner's manual, otherwise give your

best estimate.)

hp 514

What year was your engine manufactured?

(If unsure, you might find the model year in the owner's manual.)

O ¢

De.;m Not sure, but probably before 1990
Dsaz Not sure, but probably 1990 or later
De.aa Don't Know
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Important

The following questions refer to the TWO WEEK period ending LAST SUNDAY evening.

Please keep in mind that you are answering for those two weeks only.

ALSO, your answers must only be ior the boat whose regisiration number is printed on the

front page of this survey next to your name.

Please enter today's date: / / 718

month day  year

During the two weeks ending last Sunday, how many gallons of fuel did you
buy for your boat, personal watercraft, or sailboat engine(s)?
(If unsure of the exact amount, make your best estimate; if you bought no fuel, even if you

used your boat, enter “0".)

gallons bought in the past two weeks 3
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9.

10.

11.

Whether you bought fuel or not, how many gallons do you estimate you used

in the two weeks ending last Sunday?

gallons used in the two weeks o, ,

Did you use your boat (went out under power) during the two weeks ending last

Sunday?

L—J,m Yes |t yes go 1o guestion 11 below

a

No. i no. skip to guestion 12 on Paqe 7

10.1

If you used your boat in the two weeks ending last Sunday, please read the
instructions on the following page and complete the boating log as thoroughly
as possible for any boating you did in California, on the Colorado River, or

along the California coast.
A correct county location is important to this study. Use the enclosed Waterways Map --

Northern California (side 1) and Southern California (side 2) -- to locate the counties where

you used your boat.
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Step 1. Read this example. Step 2. Fill out the log on the next page

For the days you used your boat. fill in the county codes for those counties where you
boated or boated offshore. Enter up to three counties where you did most of your
boating on that day. USE ENCLOSED WATERWAYS MAP FOR COUNTY CODES.

Enter the time you started out on the water and the time you returned to the dock or
landing at the end of your boating day.

Enter the approximate percentage of this time during which you used your boat's
primary (or sailboat auxiliary) engine.

If you used your boat on any day in one or more of the five specific locations listed on
the right, check the appropriate box or boxes. Leave the boxes blank if you did not
beat in these places on a given day. (Nole: Lake Perris is in Riverside County)

EXAMPLE: Last Sunday you used your boal in Lake Berryessa in Napa
County (code # 21) between 11:30 am and 4:00 pm, operating the
engine for about half the time (50%). You also used your boat the
previous day, Saturday, in San Francisco Bay off Alameda County
(code # 1) and Contra Cosla County (code # 7) from 12:00 pm to 2:15
pPm when you operated the engine for about a quarter of the time

(25%).
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12.

13.

In which county is your primary residence located? (Use the county code printed on

the enclosed Waterways Map.)

County Code: ___ (24 »

U 12a4 Primary residence is outside California

(Optional) Please use the following space for any comments you have about

this study.’

Thank you for your cooperation!

Mail this back today in the enclosed postage-paid envelope lo:
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Northern California Waterways Map
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Southern California W=tzrways Map
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Freeman, Sullivan & Co_. | _

131 Steuart Strest Tel: (415) 777-0707
Suite £C3 Fox: (415) 777.2420

San Froncisca
CA QdiC3

September 17, 1993

Dear ouENEEN

We have, as vet, not received the completed boating survey that was sent to vou by
the State of California and boat manufacturers. You represent hundreds of fellow
boaters in your region in this study, and in not {illing out the enclosed survey you
undervalue the lakes and waterways you use to the boating community. This study is -
vitally important to the production of new engiues to be designed to help preserve
these boating environments for future generations. These results will not affect

existing marine cneine technoloey in use today.

All the infurmation you provide will be kept confidentia]. Your name and address
will not be revealed ur given out W any comumecercial enterprise or government
agency.

Please [ill out the euclosed questivnnaire as accurately as possible. We have done
everything we could to make it quick and easy for you to completz. It should take
less than ten minutes.

You will be asked to identify by California county your boat usage in the past two
weeks. To help you correctly identily the counties where you boat, we have
provided a color map shuwing major waterways and lakes. Please keep this map for
vourself and return vuly your questionnaire to us in the postage-paid envelope.

Please. | urge vou to take the time to complete this survev todav. If you have any
questions, please call me at 1-800-777-0737. Thank you {or your cooperation.

Sincerely,

C iSugra
Research Director

Vessel/THull ID No.
21012122
Enclosures.



REMINDER NOTICE

Dear Boat Owner:

Recently we mailed you a questionnaire on the use of boat and other
watercraft engines in California. If you have not yet completed it, please take a
few minutes o do so teday. We slill need your response, even if you did nct use
your boat in the specified time. If you have already sent in your questicnnaire,
thank you for your time and your help in this important study.

If you have not received a questionnaire, or if it was misplaced, please

call Freeman, Suliivan & Co., 1-800-777-0737, and another one will be mailed to
you.

Sincerely,

Charles DiSogra
Research Director
Freeman, Sullivan & Co.




