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ABSTRACT

Because the State of California has more stringent emission standards
for motor vehicles than those of the United States Environmental
Protection Agency (EPA), the Air Resources Board (ARB) conducts a continuing
program of measuring emissions from vehicles in customer service. ARB uses
data from this in-use vehicle surveillance program not only for assessing
emissions but also for developing and guiding its strategies for control of
motor vehicle emissions. Main purposes of this study, therefore, were (m
to evaluate sample selection and procurement methods as applied by ARB's
procurement contractors and (2) to evaluate the vehicle selection

methodology applied by EPA for its relevance to ARB's needs.

To accomplish these purposes, Pacific Environmental Services (PES)
reviewed both the selection procedures actually used by procurement
contractors and those described in proposals and final reports. Procedures
applied in the field were evaluated through interviewing contractor
personnel who had worked on procurement contracts and through analyzing
data on emissions, procured vehicles, and owners' sociceconomic conditions.
Results of the study indicate that a scientific random sampling of in-use
vehicles is extfemely difficult to achieve and that several changes in
currently used selection procedures should be made to obtaln a more
representative sample of the California vehicle population. The changes
needed appear to require procedure modifications mostly by ARB rather than
by its contractors. Recommendations are made for improvements in future
vehicle surveillance programs, pased on the findings of the present study

and also on the prospect of the forthcoming California I/M program.



DISCLAIMER

The statements and conclusions in this report are those of the

contractor and not necessarily those of the Caiifornia Air Resources Board.

The mention of commercial products, their source or their use in connection

with material reported herein is not to be construed as either an actual or

implied endorsement of such products.
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1.0 INTRODUCTION AND SUMMARY

Because the State of California has more stringent emission standards
for motor vehicles than those mandated by the United States Environmental
Protection Agency (EPA), the Air Resources Board (ARB) conducts a
continuing program of measuring emissions from vehicles in customer
service. This "in-use vehicle surveillance" program parallels, but is

independent of, the "in-use compliahce" program conducted by EPA.

ARB uses data from the survelllance program not only for assessing
emissions but also for developing and guiding its strategies for control of
motor vehicle emissions. It is, therefore, important to ensure that the
vehicles selected for the surveillance progran adequately represent

California's motor vehicle population.

To investigate whether, in the past, vehicles selected for the
surveillance program have constituted an adequately representative sample
of the Califcrnia vehicle population, and to recommend improvements in
methods of sample selection and procurement, ARB contracted with Pacific
Environmental Services, Ine. (PES) for a study entitled "Evaluation of In-Use
Vehicle Surveillance Program.' The formal objectives of this study
were two-fold:

1. Fvaluate sample selection and procurement methods as applied by

ARB's vehicle procurement contractors and recommend needed

measures to ensure that procured samples adequately represent the
vehicle populations under consideration.

2. Evaluate the vehicle selection methodology applied by EPA for in-use
vehicle compliance testing, and recommend selection methods
to ensure that the proportions of tested vehicles failing to meet
the emission standards are adequately representative of the
vehicle populations under consideration.

In the contract, ARB directed PES to evaluate the sample selection and
procurement methods used by ARB's vehicle procurement contractors; to
investigate methods used by EPA in its parallel program for in-use vehicle
compliance testing, as well as other vehicle selection methods used for
vehicle recall programs; and to develop recommendations for the improvement

of ARB's selection methodology,. based on the findings from these



evaluations.
Specific tasks identified were the following:

TASK 1. Evaluation of methodology used for the selection of vehicles for
ARB's "In-Use™ Vehicle Surveillance Program.

TASK 2. Evaluation of the selection methodology actually practiced by
ARB's procurement contractors.

TASK 3. Evaluation of EPA's "In-Use" Vehicle Compliance Program.
TASK 4. -Review of Other Sample Selection Methods; Recommendations.

This chapter, Chapter 1.0, presents a summary of findings of the
present study and a set of recommendations for improvements in future in-
use vehicle surveillance programs. Following chapters of this report
provide more complete detail on the considerations involved, the
information retrieved, and the findings and conclusions arrived at by PES

in carrying out this study.

Chapter 2.0 addresses Task 1, the evaluation of vehicie selection and
procurement procedures as documented by ARB and its procurement contractors

in proposals, work plans and final contract reports.

Chapter 3.0 addresses Task 2, the evaluation of de facto methodology
as reported by representatives of firms having current or completed
procurement contracts and as indicated in the reports of completed

surveillance test series.

Chapter 4.0 addresses Tasks 3 and 4, evaluation of procurement
methodology specified by EPA for its compliance testing and any relevant

methodologies found in connection with other vehicle recall programs.

Chapter 5.0 provides an overview and discussion of progress made,
technical findings and thelr implications in regard to various aspects of

methodology for vehicle procurement.

References are provided in Chapter 6.0 and a Glossary in Chapter 7.0.

1.1 SUMMARY OF FINDINGS

This study, an evaluation of the In-Use Vehicle Surveillance Program

(VSP), was carried out under contract (A2-043-32) to the State of



California, Air Resources Board (ARB). Its main purposes were (1) to
evaluate sample selection and procurement methods as applied by ARB's
procurement contractors and (2) to evaluate the vehicle selection
methodology applied by the U.S. Environmental Protection Agency (EPA) for

in-use vehicle compliance testing, for its relevance to ARB's needs.

To accomplish these purposes, Pacific Environmental Services, Inc.
(PES) reviewed the selection procedures used by several contractors who
have done vehicle procurement for ARB or EPA. PES reviewed documentation
which was provided by these contractors and also interviewed in person or

by telephone, contractor personnel who had worked on procurement projects.

PES also reviewed extensive documentation provided by ARB and EPA as
well as by procurement contractors, to identify significant issues,
primarily in relation to the adequacy of vehicle selection procedures to
support ARB needs for determination of emission factors. Since it appeared
that procedures applied by the contractor were in large part mandated by
ARB or significantly constrained by ARB requirements, PES also undertook
some exploratory investigation of the statistical status of data derived
from the VSP, to determine whether the basic statistical design might merit

improvement.

A review of contractors' methodologies indicated that contractors

- seldom complied effectively with ARB requirements for proportional sampling
of vehicles from Qarious socioeconomic levels of ownership. Although
reasonable compliance was obtained in at least one instance, emphasis on
this aspect seemed to decline in later studies, perhaps in the interest of
overall cost savings. A more recently evolved system depends on
maintaining separate index files for various types of vehicles, and keeping
an adequate backlog of committed candidate vehicles in each file so that a

vehicle of any given type can be quickly obtained when called for.

_ A review of the actual map locations of participating owners in six of
the annual procurement programs was done, and the spatial distributors were
compared with population distributions based on demographic data from the
Sotuthern California Association of Governments. In relation to a

hypothetical propoftionate sampling scheme covering the entire South Coast



Air Basin, areas near the contractors' facilities have quite regularly
been oversampled. Heavily populated areas outside Los Angeles County have
usually been oversampled, while those inside Los Angeles County have been
undersampled. Thus, although ARB requirements regarding the numbers of
vehicles from different counties have been met, the geographical
distribution within each county has been quite spotty. The importance of

this deficiency is not clear.

Emission data from one of the testing series, LDVSP5, were reviewed to
determine some of their statistical parameters. The results support a
conclusion that accuracy of i10 percent in overall emissions, as estimated
from the procured sample of vehicles, was probably within a 95% confidence

interval for NOx emissions, but not for HC or CO emissions.

A preliminary review of possible sources of bias (i.e., systematic
error or error due to unrepresentative sampling) in estimation of emissions
based on VSP testing data yielded the following categories (non-exclusive):
(1) voluntary participation; (2) policy exclusions; (3) erroneous
weighting; (4) overstratification; (5) inappropriate sample quotas; (6)A
geographic concentration; (7) socioceconomic concentration; (8) inaccurate

assumptions in applying test data.

PES elicited the views of procurement contractors about difficulties,
shortcomings, and possible improvements in the methods and practices of
vehicle procurement. Generally, all contractors felt that ARB funding was
insufficient to support important improvements in the procurement system.
Specific pfoblems mentioned as having appreciable impact on the system were

(1) problems of security in high-crime areas

(2) problems of communication in minority areas

(3) need for improving quality of communication and contact material

(4) 1lag in obtaining registration records from public information

firms ‘

(5) need of responding quickly to ARB requests for special

procurements

(6) insufficiency»bf available incentives



A statistical treatment of an emissions data base derived from LDVSP5
showed that CO and HC emissions differed significantly for vehicles of
different model years, but that effects of other factors were less
important. Among the factors not showing significant influence on
emissions (within this rather restricted data base) were county of origin,
owner income, manufacturer and engine size. There was strong correlation
between HC emissions and CO emissions, but little correlation of NOx with

either of these.*

Model-year effects differentiated principally between older and newer
vehicles, with older vehicles (up to 1973 or 1974) showing higher average
HC and CO emissions, significantly wider range of HC and CO emissions, and
significantly more outliers in emissions of the same pollutants. PES
concludes that these older vehicles contribute, in excess of their
proportion in the population, both to high emissions (CO and HC) and to

impairment of accuracy in estimating those emissions.

PES reviewed EPA procuremént practices for recall testing, and
compared them with ARB's practices. The most noteworthy difference 1in
procedure is that EPA provides its procurement contractors with lists of
candidate vehicles, which the contractors are required to attempt to
obtain, whereas ARB specifies quotas for many types of vehicles but does
no preliminary sorting of registration data. The EPA list is said to

result from a random selection process applied by EPA.

Other differences are:

*Caveat: The statistical testing to illustrate possible bias in sampling,
discussed in Sections 3.3 and 3.4, necessarily relied on available data
from vehicles used in the surveillance program. However, because of the
possibility of substantial bias in the data base due to low response
rates in vehicle procurement, the surveillance data base itself may not
adequately represent the general vehicle population. Therefore, the re-
sults given in these sections apply strictly only to the surveillance
data base; due caution should be observed in any attempts to generalize
from these results to the characteristics of the vehicle population as a
whole.



(1) EPA requires contractors to make specific further attempts to
contact non-responding vehicle owners, while ARB does not;

(2) EPA requires sequential action on candidate vehicles, while ARB
does not;

(3) EPA appears to have stricter requirements for acceptance of
vehicles and, thus, to require a stricter scereening of vehicles
by their contractors, than ARB.

Considering the information developed in this study, PES has reached

certain general conclusions.

First, there is little scope for improvement of the In-Use Vehicle
Surveillance Program insofar as contractor initiative is to be involved.
The principal constraints on adequacy of sampling appear to lie in
overspecification of quotas by ARB and in procedures which constitute

logical responses to ARB cost controls.

Second, the goals of random sampling and of random stratified sampling
are not currently.feasible goals for the VSP. The current system, which is
best described as quota sampling, is subject to a number of sources of
bias, most of which cannot be readily eliminated or even evaluated.

However, there are a number of possible improvements that ARB could
institute, which would minimize bias from some of these sources. Further,
by analyzing information which is already in the data base, ARB can design
its future procurement programs to improve cost-effectiveness and to improve

the accuracy of emission factors derived from the test results.

The following principal options for sampling design are discussed in
this report: (1) Continuous Random Sampling; (2) Stratified Sampling; (3)
Tneremental Quota Sampling; (4) Intensive Studies of Specific

Subpcpulations.

1.2 RECOMMENDATIONS FOR IMPROVEMENTS IN FUTURE VEHICLE SURVEILLANCE
PROGRAMS

PES has reviewed documents of past VSP programs, interviewed vehicle
procurement experts of both ARB and EPA contractors, analyzed emission test
data and background data of tested vehicles and owners, and evaluated both
ARB's and EPA's vehicles procurement programs. Based on the study

described above, PES has reached the following recommendations for



improvements in future ARB VSP programs:

(1

(2)

(3)

(%)

ARB should provide the contractor a written guideline of how the
sample selection method proposed by the contractor {or developed
by ARB) is to be implemented in the actual vehicle procurement
operation. Specifically, ARB should ask the contractor to submit
1ists of initially selected candidate vehicle owners and ‘the
pbasis of such selections, outcomes of mail solicitation and
follow-up telephone contact, causes for non-participation, and a
summary table for final capture rates in different strata. An
audit of the contractor’'s operating'practices would also be

desirable.

ARB should develop a randomized owner list and provide it to the
procurement contractor; or, alternatively, arrange access for the
contractor to the most recent DMV records. Polk—provided‘
registration records are, at minimum, 6 to 8 months old; this
causes loss of access to many candidate vehicle owners who move

or trade their cars during that period.

ARB should reduce the extent of sample stratification. The

number of strata presently used is about 200 and it has obviously
exceeded the point of diminishing return for the benefit of using
stratified random sampling. The number of strata for manufacturer
can be reduced to 5 or 6 and that for engine displacement to 2 or
3. The number of strata for model years can be reduced to half

of the number preséntly used, or less, by limiting vehicles to
those with odd-numbered model years in an odd-numbered calendar
year and those with even-numbered model years in an even-

numbered calendar year, or by grouping several model years with

similar emission rates into a combined category.
ARB should determine the proportion of vehicles in each model

year stratum more scientifically. The quota (or sub-sample size)

assigned to each stratum should be proportioned to the relative

1-7



contribution of vehicles in that stratum to either the total
vehicle population or the total vehicle emissions. The currently
used quotas for different strata are not proportional either to
the vehicle population or to the vehicle emissions. Should the
latter criterion be used, considerably greater emphasis must be
placed upon older vehicles because of their higher emission

rates.

(5) Some adjustment for quotas assigned to different strata should be
made annually to improve both the representativeness of the
sample and the accuracy of emission parameters to be determined
from the sample. To make such adjustment rational, annual
statistical review of all existing data bases of emissions,
vehicle populations, manufacturing, and use factors is

recomended.

(6) Exemption from emission testing in the mandatory I/M program
should be used as an additional incentive to encourage vehicle
owners to participate in VSP programs after the start of the I/M
program in March, 1984. The current flexible-incentive approach
should be continued because flexibility can often be more

effective than increased dollar value of an incentive.

(7) ARB should develop improved solicitation letters and other
contact materials and also urge the contractor to do so because
the quality of contact material can greatly affect positive

response rates to the solicitation.



2.0 EVALUATION OF METHODOLOGY USED FOR THE SELECTION OF VEHICLES FOR
ARB'S "IN~USE" VEHICLE SURVEILLANCE PROGRAM

2.1 VEHICLE SELECTION PROCEDURES

».1.1 PROCEDURES DESCRIBED BY ARB PROCUREMENT CONTRACTORS

In order to review the selection procedures, PES first reviewed the
proposals submitted by various contracting firms in response to
solicitations by ARB, then interviewed representatives of those firms for
any needed clarifications. PES received, in all, 13 procurement
proposals and 8 final reports of vehicle testing programs. Firms contacted
included the following:

Automotive Environmental Systems, Inc.
Automotive Control Engineering

EG&G Automotive Research (in Virginia)
Environmental Resources Management
Olson Laboratories, Inc.*

Systems Control, Inc.

ARB required each procurement contractor to endeavor to obtain
vehicles corresponding to a specific "fleet composition” which identified
vehicles by class (i.e., light duty passenger car, light duty truck, medium
duty vehicle, heavy duty truck of a particular weight class, or
motorcyele), by model year, by manufacturer, by engine displacement and,

sometimes, by additional factors such as control technology.

The geographical area covered was, in most instances, the South Coast
Air Basin (SCAB). The SCAB, in early studies, comprised 5 counties: Los
Angeles, Orange, Riverside, San Bernardino, and Ventura; in later studies,
Ventura County was not included. The northern part of Los Angeles County,

within the South East Desert Air Basin, was excluded.

ARB, in most of the relevant solicitations, specified that
certain percentages of the procured vehicle fleet should be obtained from
each of the counties in the SCAB; for example, for the Fourth Surveillance
Series solicitation, dated November 15, 1978, the specified geographical

distribution was as follows:

#Sybsequently a division of Systems Control, Inc.
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Los Angeles County 70.2%
Orange County 19.6%
Riverside County h,1%
San Bernardino County  ©6.1%
In addition, ARB specified that the procurement procedure should be
designed to achieve an appropriate representation of various socioeconomic

groups within the SCAB.

Responding firms adopted various strategies to meet ARB's
requirements. In 1976, one proposal offered a plan to select 200 1975
vehicles according to a matrix of manufacturer, model, and engine size,
using a stratified sample scheme based on California sales data.
Statistical data were to be obtained from Automotive News and similar
publications and from registration listings supplied by public information
service firms such as R.H. Donnelly Corporation. However, it was expected
that many or most of the required vehicles would be obtained from owners

listed for previous EPA vehicle testing programs.

In 2 later proposal {1977) for procurement of 400 light duty vehicles,
the same firm proposed to solicit vehicles by 2 mailing list to be obtained
from Donnelly Corp. by a random selection process, then use EPA's owner

1lists and direct solicitation only as needed to £i11 in the matrix.

A subsequent proposal (for procurement of 300 vehicles for the fourth
surveillance series) offered a choice of two approaches. One of these was
basically similar to the approach just described. The second provided for
a more closely controlled distribution of vehicle owners to be solicited.
From automobile registration data, lists of specified vehicles within
selected ZIPcode areas were to be generated, from which the required
number of owners' addresses would be randomly selected. In order to
minimize selection cost and "provide a realistic balance with a rough
cross-section of socioeconomic areas," the firm proposed to choose 10
7TPeode areas from western Los Angeles County, 3 from Orange County, 3 from
northern Riverside County and 3 from northwestern San Bernardino County.
It appears that the achievement of a realistic balance would depend upon
the contractor's judgment in selecting appropriate ZIPcode areas for

solicitation.
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A somewhat more explicit approach to stratified sampling is described
in the final test report of the Medium Duty Vehicle Surveillance Program,
Series 3 (MDVSP3; see ARB 1981a), for which ACE was selected to supply 90
vehicles. The technigue was based on a two-stage approach. The first
level of stratification was according to ZIPcode, where 32 "gubpopulations®
in the five counties were established. For the second stage, these
subpopulations were further stratified in an effort to achieve economic
representation based on commercial facpors. Specified percentages of the
sample were taken from areas with high, medium and low commercial occupancy
in Los Angeles County, while the subpopulations in the other counties were
not further stratified. After the subpopulations were determined, the
total sample was drawn "as evenly as possible™ from the 32 ZIPcode sampling

regions, but randomly within each.

Stratified sampling was also the basis of contracts carried out by
ERM. As described in the final testing report of the Light-Duty Vehicle
Surveillance Test Program, 2nd Series (LDVSP2; see ARB 1980b) the total
population of vehicles on the source 1ist is divided into strata according
to model year, manufacturer and model, county, and socioeconomic level of
the area the vehicle is garaged in. Primary Sampling Units (PSU's) are
selected, based on ZIPcodes; Secondary Sampling Units (8sSU's) are the

individual vehicles selected from the PSU's.

Stratification by socioeconomic status (SES) areas was limited to Los
Angeles County. All census tracts with median family income below $10,000
per year were identified and related to ZIPcode areas by manual comparison
of maps. ZIPcode areas containing a high proportion of the low~-SES census
tracts were designated as PSU's for the low-SES subsample. The analogous
procedure, with a lower cutpoint of $20,000 per year, was used to
designate PSU's for the high-SES subsample. Quotas of six PSU's to be
selected from each of the two categorlies were established. ZIPcode areas
containing 10,000 or more vehicles were treated as individual PSU's; other
7IPcode areas were combined with nearby ZIPcode areas to create PSU's

with 10,000 or more vehicles.

To maintain approximately proportionate sampling, the income cutpoints

were adjusted. The PSU list for high SES was extended down to about
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$15,000 per year (median family income) to increase.the number of vehicles
1isted to about 20 percent. The upper end of the low SES list was reduced
(below $10,000) enough to decrease the number of vehicles listed to about
20 percent of the total. All PSU's not designated as high or low SES areas
were retained on the middle SES list, for which a quota of 15 PSU's was

assigned.

Based on an estimate that there were about 4 million eligible vehicles
in the SCAB, ERM decided to use 40 PSU's throughout the SCAB; thus,
selecting 10 vehicles from each selected PSU would provide the desired
fleet of 400 vehicles. A randomization procedure was designed for choosing
the necessary number of PSU's in each county and SES category from those
satisfying the stratification requirements; in this way, PSU's containing
about one tenth of the vehicle population were actually selected to yield
the SSU's (the delivered vehicles) for the entire sample. The lists of
PSU's selected were designated by the ZIPcodes they included and were
submitted to the R. L. Polk Company, who provided a printout listing the
eligible vehicles in those areas. From these lists, needed vehicles were

randomly selected.

In later contracts, ERM modified this system, developing a
"computerized vehicle profile" progranm to simplify vehicle selection.
ERM's proposal for procurement of vehicles for the Light Duty Vehicle
Surveillance program, Series 5 (LDVSP5; see ARB 1982a), as quoted in the
final report of that program, describes the revision as follows: "Census
tract data has previously been used as the most realistiec indicator of
economic level (status) .. . Previously, the ERM data design group has
computerized the latest census tract data and appropriately upgraded it
based on DOL upgrade grids. Environmental Resource Management will
evaluate and update its current 'computerized vehicle profile"program,
Since registration records show what the actual distribution of light duty
vehicles is in the SCAB counties selected, results from testing this random
sample can be used for inferring conelusions about all light duty passenger
cars/trucks in the areas . . . The selection criteria will provide a
statistical sampling that will be as representative as possible of a

realistic cross-section of sociceconomic conditions from the four counties
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selected...m

This description was much less specific than the one given previously
and cited above. It seemed to imply that ERM intended to de-emphasize the
role of census tract information in defining PSU's. Subsegquent discussion

between PES and ERM personnel confirmed this inference.

Prineipally for the purpose of accelerating access to newer vehicles
and thereby improving readiness to respond quickly to ARB requests for
delivery of vehicles, ERM instituted a new sampling plan for new cars,
based on Polk Company listings taken from annual DMV data. In this system,
ERM obtains annual listings of all new vehicles recorded in each of the
four couties, sorted according to (successively): vehicle type,
manufacturer, engine type, city and ZIPcode. In order to create a "pool”
of available vehicles of each type specified by ARB, a page of the
corresponding printout 1is randomly selected. Each page carries about 50
individual vehicles records, and ERM solicits owner participation for about
30 of the corresponding vehicles. Those responding are entered into the
appropriate pool, from which vehiecles are randomly selected when required

for testing.

This system relies on randomization of owner selection (within vehicle
subpopulations) to generate appropriate geographic and socioeconomic

distributions as desired by ARB.

The methodologies described in these various proposals and reports
seem to differ, principally, in two respects: (1) the degree to which they
rely on previously generated lists of eligible vehicles, and (2) the degree
of emphasis placed on systematic stratification and randomization in
selecting vehicles for testing. There was also a marked variation in the
attention devoted to ARB's admonition regarding socioeconomic
considerations, which, in a 1982 solicitation (ARB 1982a) for procurement

of 400 vehicles, was phrased as follows:

"The effect of the economic status of the owner upon vehicle
maintenance and therefore emissions is of concern to the ARB. Therefore,
the contractor will be required to exercise some method of introducing a

socioeconomic factor into the sample design. Geographic sub-areas are
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acceptable to satisfy this requirement; however, alternate approaches will
be evaluated. A deseription of the methodology for socioeconomic sampling

must be included in the proposal.”

The questlion of possible introduction of bias into the estimation of
motor vehicle emissions from ARB's test results, due to such variations

in procurement procedures, is discussed in Section 2.2.

5.1.2 PROCEDURES SPECIFIED BY EPA FOR SIMILAR PROGRAMS

An indication of procedures applied by EPA in an in-use vehicle
surveillance program with objectives similar to those of ARB's In-Use
Vehicle Surveillance Program is found in a proposal for g Study of
Emissions from Light-Duty Vehicles in Five Cities (FY 80)", prepared
in March, 1980. The proposal presented a plan for obtaining and testing
300 vehicles in the Los Angeles area. A subcontractor would use vehicle
registration lists from R. L. Polk Company to provide names and addresses
of»potential partieipants. Owners of vehicles meeting the requirements
specified by EPA would be contacted by mail and telephone; a "random
listing of vehicle owners approximately 50 times larger than the required
number of vehicles™ would be used. No plan for stratified sampling was
offered. The geographical area described was nyithin 25 kilometers of Los

Angeles city limits.”

PES also obtained excerpts from an EPA draft "Scope of Work" (EPA
1981) for recall testing programs, which included an attachment describing
a procedure for random selection of vehicles from a prepared list of
eligible vehicles. This document, however, does not address the problem of
formulating the list of eligible vehicles to obtain a representative sample
for any particular geographical area. Further discussion of recall

programs is offered in Chapter 4.0.

2.2 POSSIBLE SOURCES OF BIAS IN PROCUREMENT PROCEDURES

2.2.1 INTRODUCTION

The purpose of the In-Use Vehicle Surveillance Program as expressed in

various solicitations, statements and reports by ARB is, essentially, to



accumulate a data base from which accurate estimates of in-use vehicle
emissions can be formulated. These emissions data are used for several
regulatory activities including formulation of certification standards,
preparation of emissions inventories for the State Implementation Plan,
de&elopment of inspection-and-maintenance programs, and enforcement of
emissions warranty requirements. Additionally, the program 1is expected to
provide useful information regarding vehicle maintenance practices and the

frequency of tampering Wwith emission control components.

For all these uses it is clearly desirable to have vehicle sample
populations which accurately represent the California yehicle population,
or appropriate segments of the California vehicle population. However, the
uses for which accurate representation is most critically needed are the
preparation of emissions inventories and the enforcement of emissions

warranty requirements (i.e., vehicle recall programs).

Although optimum sampling strategies might differ slightly depending
on which end-use of the data is of primary importance, the development of
emissions inventories is the use that requires the largest numbers of
vehicles to be provided. Typically, ARB has designed vehicle-procurement
programs to utilize the same methodology for both purposes, the only
difference being that larger numbers of particular vehicle models would be
called for when enforcement testing was to be done, and that more specific
oriteria for vehicle conditions were applied, modeled after EPA compliance
oriteria. For example, ARB's solicitation for procurement of 400 wvehicles
for Light Duty Surveillance Testing, 7th series (ARB 1982a) specifies:
nSixty of the 400 vehicles will be requested for a special enforcement
investigation. Three groups of 20 vehicles each, which are suspect problem
emitters, will be subjected to special testing. These vehicles will be

designated at a later date."

In Chapter 4.0, EPA's procurement methodology for compliance testing
is examined in detail and implications for possible improvements in ARB's
procurement methodology for recall testing are explored. In the remainder
of this section, attention is focused on vehicle sampling methodology as it

relates to the general in-use surveillance, excluding vehicles obtained for
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special enforcement investigations.

5.2.2 APPLICATION OF SURVEILLANCE DATA TO EMISSIONS INVENTORIES

In principle, if an estimate of emissions is needed for an area (like
SCAB) with a large vehicle population, an estimate of any desired accuracy
can be obtained by testing the emissions from a large enough random sample
of vehicles from the population. However, with a population having great
diversity of individual emission values, the number of vehicles required
for testing, in order to yield emissions estimates of any reasonable
accuracy, is prohibitive because of expense and administrative

difficulties.

In such cases, stratified sampling is the customary expedient for
increasing the efficiency and thereby lowering the cost of obtaining the
needed information. This method is appropriate whenever the population to
be sampled can be divided into subpopulations whose variability is
substantially less than that of the entire population. ARB has chosen to
apply the principle of stratified sampling to the estimation of vehicle
emissions, using vehicle class, model year, manufacturer, engine
displacement, location of owner's residence, and owner's socioeconomic
status as parameters to define the subpopulations. Procurement contractors
are therefore direéted to procure vehicles in accordance with such a

stratification scheme.

Sources of error in a general random sampling approach mainly spring
from sample variability, which may be very high for samples of manageable
size. For example, using statistical estimates based on carbon monoxide
emissions found in LDVSP 5, there is a chance of 20 percent or more that,
for 339 light duty vehicles, an emission factor based on the whole sample
would deviate from the true emission factor for the population by more than .
10 percent. To reduce that chance to a statistically acceptable risk of 5
percent (i.e., one chance in twenty) would require a sample of well over

1,000 vehicles.

There are also other possible sources of error in estimating

population emissions from a general random sampling approach. It is
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difficult to achieve a truly representative random sample in practice,
because owners of some types of vehicles may be less willing to participate
than others; for example, owners of expensive new vehicles may be
especially reluctant to furnish them. Restrictions on the acceptabllity of
vehicles for testing also may tend to create discrepancies between the
sample composition and that of the entire vehicle population; thus, rental
cars, fleet vehicles, and law enforcement vehicles are excluded from the
sample but not from the general population. A further complication is that
the testing yields not emissions but emission factors for each vehicle in
terms of amounts of pollutant emitted per mile, sc that estimation of total
emissions in any given period requires the application of a usage factor

(i.e., vehicle miles travelled, VMT.)

Stratified sampling offers the possibility of reducing errors caused
by some of these factors. In applying a system of stratified sampling to
the estimation of emissions, the standard approach would be to determine
emission factors for various subpopulations by random sampling of the
subpopulations, then determine total emissions by summing the emissions
attributable to the various subpopulations. However, additional
complications are introduced by the need to weight the emission factors
by appropriate use factors and to adjust for differences in emission rates

between testing conditions and road conditions.

Because of the need to estimate use factors to be applied to various
segments of the vehicle population, ARB adopted a weighting scheme (ARB
1980a) promulgated by EPA, which amounted to an assumed fixed schedule of
average annual miles travelled for every vehicle, depending only on its
age. This reflected the assumption that vehicles are used less as they
grow older, and utilized estimates of this effect, which had been published
by EPA. For convenience in calculation, ARB further assumes (ARB 1980a,
1981d) that emission factors for all vehicles of a given class and model
year are independent of manufacturer and engine displacement and are
related in a linear fashion to accumulated mileage. Thus, the
stratification on manufacturer, engine displacement, geographical location
and socioceconomic status, which ARB requires of the procurement contractor,

is not reflected in the calculation of emission inventories. It is
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intended, essentially, to assure systematic (rather than random)
representation of the recognized subpopulations in the overall sample of

vehicles to be tested.

It is evident from the foregoing discussion that the stratification
system required of procurement contractors differs from the stratification
system used in calculations to estimate on-the-road emissions. Any
inaccurate assumptions which are embodied in the estimation method may, of
course, cause errors in the emissions estimates. However, such blases
cannot be corrected by modifying procurement methodology and are not the
responsibility of the procurement contractor. Further discussion of such

errors will be found in Chapter 5.0.

It is the procurement contractor's responsibility to minimize bias in
the systematic representation of the vehicle subpopulations defined by
manufacturer, model year, engine displacement. In these categories, ARB
designates numbers of vehicles expected; an example is given in Table 2-1,
showing numbers of vehicles specified (and those received) in ARB's
solicitation for LDVSP 5 (ARB 1981e). Since in most of the categories
listed only one or two vehicles are expected, the procurement contractor
has little scope for further stratifying the corresponding subpopulations.
Efforts to minimize bias have therefore taken the form of assuring that,
over the whole sample, vehicle locations are not unduly concentrated in one
or a few areés and that participants are not predominantly from one end or
segment of the socioeconomic scale. In other words, they seek to achieve,
within the whole sample, distributions of participants' locations and
socioeconomic status which conform (within reason) to corresponding

distributions in the vehicle population at large.

The endeavor to deliver a sample having representative distributions
of geography and socioeconomic status is predicated on the concept that the
actual vehicle population might exhibit significant non-uniformity in
relation to these parameters; in other words, that otherwise equivalent
vehicles could be expected to have different emission values if they came
from different locations, or from different socioeconomic strata. Little
information exists to substantiate this possibility, which is known in

statistical terminology as "interaction," but it is a conceivable source of
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1LDVSP 5 FLEET COMPOSITION

Table 2-1.
PASSENGER VEHICLES
§ of
Cars
1280 Hodel Year (58) Vehicles Received
AMC 1 1 (258 CID)
Chry 6 2 (105 CID), 2 (225 CID)
2 (318 CID)
Ford 15 1 {98 CID), 6 {140 CID)
3 (200 CID),
2 {255 CIDY, 2 (302 CID}
1 (351 CID)
G.M. 19 1 (98 CID), 4 {151 CID)
3 (173 CID),
6 {231 CiD), 3 (305 CID)
1 (350 CiD),
1 (368 CID)
Datsun 4 1 {75 CID), 2 (119 CID)
1 {168 CID)
Toyota 3 1 (108 CID), 1 {134 CID)
1 (156 CID)
V.M. 2 2 (97 CID)
Honda 2 2 (107 CID)
Other Imports B>

§ of
Cars
(50) Vehicles Requested**
1
5 1 {225 CID)
12 2 (140 CID), 3 (302 CID)
16 1 (98 ¢ID}, 3 (173 CID)
3 {231 ¢cID), 1 (260 CID),
7 (305 CID), 1 (368 CID)
4 2 (85 CID), 2(119 CID)
2 1 {97 €ID)
1 1 (89 CID) or 1 (97 CID)
2 2 (91/98 CID)
7*

§ The vehicles requested were selected from the manufacturer’s anticipated sales

figures.

figures due to the escalating price of gasoline.

*  Varjous CID randomly selected.

The actual rates for this model year varied widely from the anticipated

x* here the number of vehicles received is either different or omitted from that
requested, the original selection is repeated in the requested column.



Table 2-1. LDVSP 5 FLEET COMPOSITION (CONTINUED)

# of § of
Cars Car
1973 Model Year ({43) Vehicles Recejved {41) Vehicles Requested**
AMC 1 1 (258 CID) 1
Chry 5 1 (105 CID}, 1 (225 CID}, 4 2 {318/360 CID)
2 (318 CID),
1 (360 CID)
Ford 8 3 (140 CID), 1 (171 CID), 10 3 (351/400 CID)
1 {200 CID)
1 (250 CID), 1 {302 CID),
1 (351 CID)
G.H. 13 1 (98 CcID), 2 (231 CID), 13 1 (85/98 CID), 2 {231 CID),
1 {250 CID), 1 {260 CID), 4 (305 CID), 3 (350 CID),
2 (305 €ID), 3 (350 CID) 1 (403 CID), 1 (425 CID)
2 (403 CID), 1 (425 CID)
Datsun 2 1 (85¢cIp), 1 (168 CID) 2 1 (85CID)T (119 CID)
Toyota 2 1(97c¢CID), 1 (134 CID) 2
V.M. 3 2 {89 CID), 1 {97 CID 2
Honda 2 1 {91 cIip), 1 (107 CID) 2 2 (91/98 CID)
Qther Imports 7* 5

* Various CID randomly selected.
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LDVSP 5 FLEET COMPOSITION (CONTINUED)

Table 2-1.
§ of
cars
1978 Model Year  (33) Vehicles Received
AMC 1 1 (258 CID)
Chry 4 1 (225 €ID), 3 (318 CID)
Ford 8 2 (140 CID), 1 {171 CID),
1 (200 CID},
2 (302 C1ID}, 2 (351 CID)
G.M. 9 1 (98 CID), 2 (231 cID),
1 (250 CID),
2 (305 CID), 1 (350 CID),
1 {403 cID), 1 (425 CID)
Datsun 2 1 (85 CID), 1 (119 CID)
Toyota 2 1 (97 CID), 1 (134 CID)
V.NW. 2 1 (89 CID}, 1 (97 CID)
Honda 2 1 (971 CID), 1 (98 €CID)
Dther Imports 3*
# of
cars
1977 Model Year (33) Vehicles Received
AMC 1 1 (258 CID)
Chry 3 2 (225 CID), 1 (360 CID)
Ford 7 1 (140 CID), 2 (171 CID)
1 (250 CID)
1 {302 c1D), 1 (351 CID},
1 (400 CID)
G.M. 12 1 (140 €ID), 1 (231 CID)
3 (305 C1D), 4 (350 CID),
2 (403 CID) 1 (425 CID)
Datsun 2 1 (85 CID), 1 (168 CID)
Toyota 2 1 (97 ¢cID), 1 (134 CID)
V.N. 1 1 (97 CID)
Honda 1 1 (98 CID)
Other Imports 4

* Various CID Randomly Selected

# of
Cars
{34) Vehicles Requested**
1
4
8
9 1 (231 ¢ID}, 2 (350 cID)
2
2 Y (97 cImp), 1 (114 cID)
2
2
4%
§ of
Cars
{30) Vehicles Requested**
1 .
2 1 {225 CID), 1 (360 CID)
7 1 {171 CID},
3 (251/400 CID)
11 1 (140 C1D), 1 (237 CID)
1 (250 CID), 2 (305 CID)
4 (350 CID), 1 (403 CID)
1 (425 CID)
2
2
1
1
3%



Table 2-1. 1LDVSP 5 FLEET COMPOSITION (CONTINUED)

# of # of
Cars Cars :
1976 Nodel Year {25) Vehicles Received (25) Vehicles Requested**
AMC 1 1 (258 CID) 1
Chry 2 1 (318 €CID), 1 (360 CID) 2
Ford 6 2 (140 cID), 1 (171 CIb) 6 1 (140 CID), 1 {351/400 CID)
1 {250 CID),
1 (302 CID), 1 (460 cID)
G.M. 8 1 {140 CID), 2 (231 CID) & 1 (140 CID), 1 (231 CID},
1 {250 C1D}, 1 {250 CID}, 1 (350 CID),
3 (350 CIb), 1 (500 CID) 3 (3507400 CID), 1 (500 CID)
Datsun 2 2 (85 CID) 2
Toyota 1 1 (97 CID) 1
(AR 1 1 (97 CID) 1
Honda 2 2 {91 CID) 2
Other Imports 2% K
# of # of
Cars Cars
1975 Model Year  (20) Vehicles Received {20) Vehicles Requested**
AMC 1 1 (318 CID) 1 1 (232/258 CID)
Chry 2 1 (225 CI1D), 1 {360 CID) 2
Ford 5 1 (140 cID), 1 (250 CID}, 5
1 (302 CID), 1 (351 CID),
1 (460 CID)
GM 7 1 (140 cID), 1 {250 CID), & 3 (350/400 CID)
4 (350 CID}, 1 (500 CID)
Datsun 1 1 ( 85 CID) 1
Toyota 1 1 {97 CID)
V.W. 1 1 ( 90 CID) 1
Honda 1 1 (90 CID) 1
Other Imports 2% 2*

+ Various CID Randomly Selected.
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Table 2-1. LDVSP 5 FLEET COMPOSITION (CONTINUED)

LIGHT-DUTY TRUCKS

i of £ of
Cars Cars :
1980 Model Year {10) Vehicles Received (10) Vehicles Requested**
Chry - 1 1 (318/360 CID)
Ford 2 1 (3C0 CIb), 1 (302 CID) 1 7 (351 CID)
G.M. 2 2 (250 CID) 4 1 {250 CID), 1 (350 CID}
Datsun 2 2 (119 C1D) 2
Toyota 1 1 (134 CID) 1
V. N 1 1 {120 CID) 1
Other Imports 2* i
# of # of
Trucks Trucks
1979 Model Year (11) Vehjcles Received (10)  Vehicles Requested**
Chry 1 1 (318 CID) 1
Ford 3 1 (302 CID), 2 (351 CID) 1 1 (350 CID)
G.M. 1 1 (250 CID) 2 1 {350 CID)
Datsun 1 1 {119 CID) 1
Toyota 1 1 {134 CID) 1
V.M. 1 1 (120 CID) 1
Other Imports 3* 3*
§ of # of
Trucks Trucks
1578 Model Year (11) Vehicles Received (10) Vehicles Requested**
Ford 1 1 (351 CID) 1
G.M. 3 2 {250 CID), 1 {350 CID) 2 1 (250 CID)
Datsun 1 1 (118 CI1D) 1
Toyota 2 2 (134 CID) 2
V.M. 1 1 {120 €ID) 1
Other Imports 3% ' 3*

* Various CID Randomly SeTectéd.
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LDVSP 5 FLEET COMPOSITION (CONTINUED)

Table 2-1.
§ of f of
Trucks Trucks :

1977 Model Year (10) Vehicles Received (10) Vehicles Requested**
Chry 1 1 (318 CID) 1
ford 1 T {351 CID) 1 1 (302 CID)
G.M. 1 1 {350 C1D)
Datsun 2 2 (119 cID) 2
Toyota 2 2 (134 CID) 2
V.W. 1 1 (120 CID) 1
Other Imports 3* 2*

# of # of

Trucks Trucks

1576 lodel Year (13) Vehicles Received (10) Vehicles Requested**
Chry 1 1 (318 CID) 1
Ford 3 2 (360 CID), 1 (351 cID) 1 1 {360/390 CID)
G.M. 4 1 {250 Cc1D), 3 (350 CID) 3 2 (250 cIp), 1 (350 CID)
Datsun 1 1 {119 ¢ID) 1
Toyota 1 1 (134 CID) 1
V.H. 1 1 (120 CID) 1
ther Imports 2% 2%

* Yarious CID Randomly Selected.
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Table 2-1. LDVSP 5 FLEET COMPOSITION (CONTINUED)

§ of # of
Trucks ’ Trucks
1975 Model Year { 9) Vehicles Received (10) Vehicles Requested**
Chry 1 1 {318 CID) 1
Ford 1 1 (360 CID) 1 1 (360/390 CID)
G-M. 3 1 (250 cID), 2 (350 cID) 3
Datsun 1 1 {119 CID} 1
Toyota 1 1 (134 CID) 1
V.. 1 1 (109 CID) 1
Other Imports iid 2*
LIGHT-DUTY VEHICLES
[Passenger Vehicles and Light Duty Trucks)
§ of #§ of
Vehicles Vehicles
1974 Model Year (14) Vehicles Received . (20) Vehicles Requested**
Chry 1 1 (318 €ID) 2 1 (225 CID)
Ford 5 1 (140 cID), 1 (171 CID), 5
1 (302 CID), 1 (351 CID),
1 {400 CID)
G.M. 6 1 (116 cID), 1 (250 CID}), 7 1 (740 cID), 1 (250 cIp),
2 (350 CID), 3 (350/400 CID}, 1 (455 CIL
1 (455 CID), 1 (472 cID) 1 (500 CID)
Datsun 1 1 {108 CID) 1
Toyota 1 1 (120 CID) 1
V.M. 1 1 (Any)
Honda 1 1 {75 CID)
Other Imports : 2%

* Various CID Randomly Selected.
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Table 2-1. L1DVSP 5 FLEET COMPOSITION (CONTINUED)

# of # of
Vehicles Vehicles

1973 Model Year (18) Vehicles Received (19) Vehicles Requested*
AMC 1 1 {232 CID) 1
Chry 2 1 (318 CID), 1 (400 CID) 2
Ford 2 1 {302 CID), 1 (429 CID) 4 1 (122 ¢ID), 1 (351 CID)
G.M. g 2 (140 CID), T {250 CID) 8 1 {140 CID)

4 (350 CID), :

1 (455 CID), 1 (472 CID)
Toyota 1 1 (120 CID) 1
V.M. 1 1 {27 CID) 1
Other Imports 2* Vad

# of 7 of
Vehicles Vehicles

1972 tode] Year (17) Vehicles Received (19) Vehicles Requested**
AMC 1 1 (258 CID) 1
thry 2 1 {225 cID), 1 (360 CID) 2
ford 3 1 (110 cID), 1 (122 CID), 4 1 (122 ¢1p), 1 (202 CID)

1 (351 CID) 1 (351 CIp), 1 (400 CID)
G.M. 7 1 (250 CID), 4 (350 CID) 8 1 {140 CID})

1 (400 CID), 1 (455 CID)
Datsun 1 1 (97 CID) 1
V.M. 1 1 (87 CID) 1
Other Imports 2* 2*

+ Various CID Randomly Selected.



Table 2-1. LDVSP 5 FLEET COMPOSITION (CONCLUDED)

§ of § of
Vehicles Vehicles
1271 Hodel Year (14) Vehicles Received {19) Vehicles Requested**
Chry 1 1 (318 CID) 2 1 {225 CID)
Ford 4 1 {122 cip}, 1 (302 CID}, 4 :
1 (400 CID), 1 {425 CID)
G.M. 5 1 (250 CID), 1 (307 8 1 (140 C1ID),
cI1p), 3 (350 CID) 1 (400 CID), 1 {472 CID)
Datsun 1 i {97 CID) T
Toyota 1 1 {113 cID) 1 1 {120 CID)
V.M. 1 1 (103 CID) 1
Other Imports ™ 2*

* Various CID Randbm]y Selected



bias in sampling and can be appropriately minimized by the measures
proposed. At the same time, data already existing in the in-use vehicle
surveillance database should enable ARB to evaluate whether the suggested
effects are in fact significant enough to deserve continued attention.

Further discussion on this subject will be found in Chapter 5.0.

Another potential source of bias lies in the "self-selection" of the
sample, which is inherent in the nature of any program where participation
is voluntary. Even if the list of candidate vehicles is in all respects
accurately representative of the vehicle population, there remains a
reasonable possibility that the sample of vehicles actually procured will
not accurately reflect the distribution of the vehicles in the candidate
1ist. This occurs because the candidate list covers.two distinet
subpopulations: one set of vehicles whose owners are amenable to
participation, and another set which will not be made available. It is
commonly supposed that the differences in the characteristics of these
subpopulations are small, if not negligible. However, it is entirely
possible that the vehicles obtained may, on the whole, have been better
maintained than average comparable vehicles, or be less likely to exhibit
signs of alteration, misfueling, or tampering with control systems, or in

other subtle ways be less representative of the general population.

Tt is especially difficult to evaluate this possibility, because the
actual sample of vehicles available for testing is ordinarily only a small
fraction of those eligible. There is no ready source of information on the
condition of the remaining large majority of vehicles and, thus, there\is
no way of determining whether the discrepancy, if it exists, is small or
large. However, since the actual availability of vehicles may depend on
incentive offered for their owners' participation, it may be possible to
devise experimental approaches to evaluating the importance of the self-
selection factor. Further discussion on this subject will be found in

Chapter 5.0.

2.2.3 GEOGRAPHIC AND SOCIOECONGCMIC DISTRIBUTIONS OF PROCURED VEHICLES

This section examines sample distributions of motor vehicles procured
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in each of six past surveillance programs (MDVSP series 2 and 3, and LDVSP
series 2, 3, 5 and 6). Such examinations reveal some practical problems
associated with those vehicle selection methodologies which have been
proposed by past and current procurement contractors. In addition to
theoretical soundness of each vehicle selection method, real-world
usefulness of the method shculd also be tested in order to correctly
evaluate the vehicle selection method. For this purpose, the geographical
distribution of vehicles procured in each of the six surveillance programs
was first determined from the addresses of the owners of those vehicles,
and then was compared with those of the total vehicle population and of

household income levels over the SCAB.

Since there was no readily available data summary with convenient
geographical resolution for vehicle registration records, a tabulation of
household statistics based on 1980 census data was purchased from the
Southern California Association of Governments (SCAG) and used as a
surrogate for the vehicle registration records. This tabulation covered 55
regional statistical areas (RSA's) constituting the SCAG Planning Region,

which covered the SCAB and some ad jacent areas.

Figure 2-1 shows the ideal spatial distribution of 400 vehicles if the
number of procured vehicles is to be proportional to that of households in
each RSA. Figure 2-2 depicts the spatial pattern of high, medium and low
income areas over the SCAB. The high income areas are defined by RSAs in
which households with incomes less than $20,000 per year make up less than
43.9% of the total, i.e., more than 10 percentage points below the regional
average of 53.9%. Similarly, the low income areas are defined by RSAs in
which low income households make up no less than 63.9% of the total. The
middle income areas include all other RSAs, in which low income households
constitute from 43.9% to 63.9% of all households. Figure 2-2 indicates
that the low income areas are 1ocated in and around the Los Angeles Central
Business District (CBD) and in the southeastern part of Riverside County.
The high income areas are found in outlying areas of Los Angeles County and

in Orange County.

Figure 2-3 shows the spatial distribution of the 339 vehicles which

were tested in LDVSP-5. A comparison between Figures 2-1 and 2-3 indicates
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that the sample distribution of LDVSP 5 deviates considerably from the ideal
distribution. RSAs near the Los Angeles CBD and those in outlying areas
appear to be undersampled while RSAs which are conveniently linked by
freeways to the contractor's facility near Anaheim appear to be

oversampled. To highlight such differences between sample vehicle
distributions and an ideal distribution, Figures 2-4 through 2-9 depict
seriously oversampled RSAs, seriously undersampled RSAs, and RSAs from

which no sample was taken in the six surveillance programsS.

In MDVSP series 3 and 4, numbers of vehicles procured from the SCAB
were rather small, 86 and 100 respectively. According to the ideal
distribution, the number of samples to be taken from each RSA ranges from 0O
for sparsely populated RSAs to 11 for the most populated RSA, No. 17.
Therefore, RSAs which were oversampled by three vehicles or more over the
ideal sample size are considered to be seriously oversampled. Conversely,
RSAs which were undersampled by three vehicles or more are considered to be
seriously undersampled. For example, in MDVSP 3 (Figure 2-4), numbers of
vehicles procured from RSAs no. 16 (around Santa Monica), 17 (around Culver
City) and 21 (around Southgate) are 0, 3 and 0, respectively. The numbers
of vehicles procured are less thaﬁ the ideal sample sizes (3, 9 and 6,
respectively) for the three RSAs by three or more. Thus, these RSAs are
considered to be seriously undersampled. For RSAs No. 16 and 21, a zero

(0) is shown to indicate that no sample was taken from these RSAs.

In LDVSP series 2, 3, 5 and 6, numbers of vehicles brocured are close
to 400, about four times as large as the sample sizes for MDVSP series 3
and 4. Therefore, RSAs which were oversampled by ten vehicles or more
above the ideal sample size are considered to be seriously oversampled.
Conversely, RSAs which were undersampled by ten vehicles or more are
considered to be seriously undersampled. For example, in LDVSP 6 (Figure
2-9), the actual numbers of vehicles procured from RSAs No. 17 and 21 are,
respectively, 8 and 12, which are less than the ideal sample sizes of 40
and 24 for the two RSAs by 32 and 12 vehicles, respectively. Thus, these
RSAs are considered to be seriously undersampled. On the other hand,
numbers of vehicles procured from RSAs No. 22 (around Whittier), 25 (around

Pasadena) and 26 (around Pomona) are, respectively, 50, 62 and 31, which
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are considerabiy greater than the ideal sample sizes of 19, 23 and 15,
indicating that these three RSAs were seriously oversampled. It is
interesting to ncte that while outside of Los Angeles County seriously
oversampled areas fall in the most populated RSAs (i.e., RSA No. 29 around
_San Bernardino, RSA No. 46 around Riverside, RSA No. 37 around Anaheim, and
RSA No. U2 around Santa Ana), the same 1s not true in Los Angeles County.
In fact, the two most populous RSAs (RSA No. 17 around Culver City and RSA
No. 21 around Southgate) are seriously undersampled in three of the four
LDVSP programs (see Fiéures 2.7 through 2-9). These two RSAs were not
seriously undersampled, however, in LDVSP series 2, in which vehicle
selections were made according to the PSU method described in Section

2.7.7.

Tt should be noted that the most'populous RSAs in Los Angeles County
happen to be low income areas while those in the other counties are middle
income areas (see Figure 2-2). It can hardly be a mere coincidence that
the seriously undersampled RSAs in the three recent LDVSP series all
represent low income areas. As procurement contractors learn about the
efficiency of the procurement operation, they naturally tend to avoid low
income areas where the response rates to their mail and telephone
solicitations are low and the security of loaneb cars and of vehicle-pick-
up personnel is uncertain. It is interesting to note that in all six
surveillance programs examined, seriously oversampled areas tended to
occeur in RSAS near the contractors' facilities, all of which have been
located near Anaheim in Orange County. Conversely, RSAs distant from these
facilities tended to be unsampled or undersampled in most surveillance

programs.

If ARB really requires a geographically representative sample of motor
vehicles in the SCAB, this examination clearly indicates a need of more
rigorous specifications for the vehicle selection proéedure. It is
apparent that the currently used quota for each of the four counties does

not assure unbiased geographical'representation,
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2.3 STATISTICAL VALIDITY OF SAMPLES

2.3.1 INTRODUCTION

For ordinary practical purposes, a sample statistic may be said to be
reasonably valid as an estimator of a "true" population value if the 95%
confidence interval about the estimated value amounts to no more than 10
percent of the estimated value. Put more briefly, ﬁhis means that there is
only one chance in twenty that the estimate is more than 10 percent away

from the true value.

The sample size necessary in order for this criterion to be met is
determined by the statistical parameters of the population from which the
sample is taken. To illustrate the necessary concepts, we will consider
data from LDVSP 5, (ARB 1982e) especially the carbon monoxide emissions as
determined by constant-volume sampling on 339 vehicles as received by the
ARB In-Use Vehicle Surveillance Section, E1 Monte. PES explored some of
the statistical characteristics of this data base and found that CO
emissions ranged from 1.03 grams per mile to 229 grams per mile, with a

standard deviation (o) of 27.2 g/mi and an average value of 20.5 g/mi.

For a sample of this size, assuming that the sample is randomly chosen
from the population, the standard error of the mean is 1.48 g/mi (equal to
27.2/338) and the 95% confidence interval is +2.95 g/mi, or *14% of the
mean. Thus, the mean of these test results is not quite as valid an
estimator of the population mean as the stated criterion requires, when the
sample is viewed solely as a general random sample of the entire

population.

However, further investigation of this population shows that
stratification of the sample by model years, as mandated by ARB, is likely
to improve the validity of the estimate of the mean. Table 2-2 shows how
the range of CO emissions varies with model year, in the LDVSP 5 data. It
is evident that, for individual years, the range found is less than the
range of the entire set. Therefore, for most model years, it can be
expected that the standard deviation for the subpopulation will be less
than that of the entire population and, when the subgroups are

appropriately combined, the residual variance (the sum of squares of
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Table 2-2. RANGES OF CO EMISSIONS BY MODEL YEAR, LDVSP 5

MODEL YEAR MINIMUM MAXTIMUM
' (g/mi) (g/mi)

1971 19.4 112.2
1972 18.4 102.3
1973 8.2 228.7
1974 15.7 61.3
1975 3.4 87.0
1976 1.8 105.6
1977 1.0 85.5
1978 1.7 52.3
1979 1.5 82.1
1680 1.1 76.7
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individual deviations from their appropriate subgroup means) will be
substantially reduced. This is the principal reason for the superiority of

a stratified sampling approach over a general random sampling approach.

In order to estimate the improvement in accuracy associated with this
stratified sampling approach, PES éomputed means and standard deviations of
€0 emissions for each model year subgroup and used them to determine the
standard error and corresponding confidence limits for the overall mean
(which is, of course, the same value as previously cited, 20.5 grams per
mile). The results are shown in Table 2-3. Although the residual variance
is reduced by about one third by the stratification, the 95% confidence
interval is +2.40 g/mi, or about 112 percent of the mean. This revised
value still does not meet the conventional accuracy allowance of £10
percent, although it is, indeed, closer to it than the value (+1Y4 percent)

obtained without stratification.

Applying the same considerations to hydrocarbon emissions, we find
that, viewing the 339 vehicles as a nonstratified collection, the mean
emission rate is 1.69 g/mi, with standard deviation 2.37 g/mi; from this
the standard error of the mean is £0.13 and the 95% confidence interval is

+0.26 g/mi, approximately +15 percent of the mean.

With hydrocarbons, as with carbon monoxide, computation shows that
about one third of the overall variance is removed by stratifying the
sample according to model year, and this results in a revised 95%

confidence interval of about +13 percent of the mean.

In the case of NOx emissions, the mean emission rate (339 vehicles) is
2.08 g/mi, with standard deviation of LZS‘g/mi; from this, the standard
error of the mean is +0.068 g/mi and the 95% confidence interval £0.135
g/mi, or about 6.5 percent of the mean. Accuracy for this determination is
clearly better than required by the +10 percent convention. Stratification
by model year improves the implied accuracy by reducing the confidence
interval about the mean to *0.11 g/mi, or very slightly more than 5

percent of the mean.

These results demonstrate that, with or without stratification by

model years, the sampling scheme used in LDVSP 5 1s less than adequate to
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Table 2-3.

LDVSP 5: EMISSIONS BY MODEL YEARS
(Means and Standard Deviatioms)

CO0, g/mi HC, g/mi NOy» g/mi
Model Year Mean s.d. Mean s.d. Mean s.d.
1971 u8.1 27.4 3.90 2.64 3.53 0.87
1972 50.1 25.5 3.84 1.75 3.00 1.06
1973 67.9 62.0 4.90 3.38 2.66 1.07
1974 38.2 15.5 4,68 4,83 3.45 1.17
1975 23.2 20.3 2.02 1.45 2.81 1.38
1976 20.06 24.5 1.41 1.19 2.52 1.05
1977 14.9 16.4 1.64 3.21 2.22 1.44
1978 10.6 10.4 0.82 0.56 1.59 0.77
1379 9.8 12.3 0.69 0.54 1.59 0.87
1980 8.5 13.4 0.59 0.89 1.09 0.70
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yvield a mean value of emissions of either CO or HC with a conventional ten
percent accuracy. However, the mean found for NOx emissions is probably

within the suggested ten percent allowance.

2.3.2 VALIDITY OF VEHICLE SAMPLING IN RELATION TO ESTIMATION OF LIGHT
DUTY VEHICLE EMISSIONS IN SCAB

The validity criterion defined and discussed in the previous section
(viz., 95% confidence interval equal to +10 percent of the mean for an entire
series sample) offers a reasonably simple test in the context of a single
year's sample. However, while meeting the criterion would assure that the
sample was large enough for practical purposes; it would not assure that
emissions estimates based on the testing results would also conform to the

desired 10 percent error limits.

Whether or not the estimated mean emissions of a year's sampling of
vehicles are accurately determined and adequately representative of the
corresponding population, that estimated mean is not utilized in estimating
population emissions. In féct, the system devised by ARB's Stationary
Source Control Division is much more involved than the mere selection of a

representative sample.

As explained in the Stationary Source Control Division publication,
"Procedure and Basis for Estimating On-Road Motor Vehicle Emissions," (ARB
1980a), emissions for each of six types of vehicles are calculated
as the product of emission factors and use factors. Each emission factor
provides an estimate of the rate at which a pollutant enters the atmosphere
because of vehicle use, while the use factor provides an index of the

extent of the indicated use of such vehicles.

The emission factor {(for a given vehicle type, vehicle use and
pollutant) is a function of several parameters such as model year, vehicle
age, traffic conditions, engine temperature, ambient temperature and so on.
In actual on-road use, vehicles cannot be expected to perform with exactly
the same emission factors as those obtained by the Mobile Source Control
Division under laboratory conditions, which are quite rigorously
controlled. SSCD has therefore developed a methodology for estimating

vehicle emissions which depends on the prior estimation of composite
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emission factors (CEF).

Each composite emission factor (CEvansm) pertains to a given
vehicle type (v), pollutant (p), calendar year (n), speed (8) and operating

mode (m), where the categories are defined as follows:
Vehicle type (v):

light-duty passenger vehicles
light-duty trucks

medium-duty trucks

heavy-duty gasoline-powered trucks
heavy-duty diesel-powered trucks
motorcycles.

Pollutant (p):

exhaust hydrocarbons (HC)
carbon monoxide (CO)
oxides of nitrogen (NOx)
evaporative hydrocarbons
particulate matter

oxides of sulfur (SOx)
lead

Calendar year (n): the year for which emissions are to be esti-
mated; generally not before 1966.

Speed (s): the average speed (km/hr or mi/hr) of a segment of
traffic in which the vehicles are assumed to be operated.

Operating mode (m):

cold start: the condition between the time a vehicle is started
with a cold engine and the time it 1s fully warmed up. This time
is 505 seconds and the average speed during this time is 25.6 miles
per hour (41.2 km/hr).

hot start: A restart condition after the hot stabilized condition and
after a ten-minute pause during which time the engine is off. This
period from restart to the end of the CVS-75 test is 505 seconds.

hot stabilized: the condition when fully warmed up; that is, 867
seconds after the cold start portion of the test is completed. The
average speed is 16 mph.

Each CEF 1is calculated from the corresponding "FTP mean™ emission

féetors, which are specific for a given vehicle type (v), pollutant (p),
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éalendar year (n) and model year (i), by aggregating all model years
weighted by annual miles driven, and applying correction factors te adjust

for non-standard conditions of average speed (g) and operating mode (m).

The "FTP mean" emission factor 1s the emission factor derived from the
ARB vehicle surveillance data, using standard testing conditions and
procedures, for the in-use vehicle surveillance programs. ("FTP" stands
for Federal Test Procedure). The data used are "CVS"--constant volﬁme
sampling--emissions as measured on vehicles as delivered by the procurement
contractor, before any adjustment or repaif is performed by the Mobile

Source Control Division.

The FTP mean emission factor, however, is not obtained by taking the
mean emissions of all of the corresponding vehicles in any year's
survelllance program, or even of all in the MSCD's accumulated data base.

Rather, the FTP mean emission factor is calculated from a linear equation,

Civnp = Aivp + Bivp Yivns
where Civnp is the FIP mean emission factor for model year i, vehicle type
v, calendar year n and pollutant p, and .
A is the exhaust emission rate;
B is the rate of "deterioration" (increase) of exhaust emissions
with mileage;

Y is the cumulative mileage attributed to the vehicles in the
selected type and age category.
The factors A and B are determined by applying a regression analysis

to all data (for vehicles of type v) found in the accumulated data base.

Thus, to recapitulate, the composite.exhaust emission factors (CEF)
defined by SSCD are composites of FTP mean emission factors (C), corrected
for road conditions and weighted by use factors (average annual miles)
attributed to each vehicle type. For the convenience of users outside ARB,
S3SCD has computed and tabulated all necessary estimates of both the CEF's

and the corresponding use factors (travel fracticns).

Nevertheless, the tabulated values are subject to error from several
céuses, 6nly one of which is the uncertainty of representative sampling in

the procurement of vehicles for the survelllance program. Although a
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detailed consideration of the effects of these error sources is beyond the

scope of this report, some of the readlly recognizable sources may be

listed, as follows:

1.

9.

10.

Nonlinearity of relation of emission factor to accumulated
vehicle mileage. (SSCD assumes the relation is linear, as
discussed above, but this assumption is probably not strictly
correct).

Use of a standard table of vehicle mileage as a function of
vehicle age. (Any variations in the average annual miles driven,
due to differences in location or in the choice of calendar year
for an inventory, will not be reflected if the standard table is
used.)

Use of a standard table of the distribution of vehicle miles
traveled (VMT) among vehicle types.

Use of a standard table of the distribution of vehicle types and
ages among the vehicle population.

The necessity of estimating evaporative emissions, not fully
evaluated in the vehicle surveillance programs.

The omission, by poliey, of certain types of vehicles from the
population available for testing. (Examples are fleet vehicles,
rental vehicles, law enforcement vehicles, vehicles failing to
meet requirements as to condition to qualify for testing.)

Averaging of speeds before applying speed correction factors
{since the correction factors are not proportional to speed,

averaging of speeds necessarily introduces a bias.)

The necessity of estimating the fractions of trips started with
cold and hot engines, respectively.

The necessity of estimating numbers of trips per day.

The necessity of estimating numbers of vehicle miles traveled per
day.

Other sources of uncertainty exist, sources both of possible bias and

of statistical variance. Many of these may be of minor importance, but it

is probable that, in the aggregate, they outweigh the uncertainties which

arise because of possible unrepresentative sampling of the vehicle

population for the in-use vehicle surveillance program.

Thus, in considering whether current or proposed procedures for
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vehicle procurement can be expected to yield an adequately representative
sample of the vehicle population, it is reasonable to assume that a
correctly stratified sample which gives 95% confidence limits within +10
percent of the sample mean will be adequate. This criterion, of course,
does not eliminate the problem of assuring that any sample is "correctly

stratified.™
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3.0 EVALUATICN OF SELECTION METHODOLOGY PRACTICED BY ARB CONTRACTORS

3.7 INTRODUCTION

A eritical evaluation of vehicle selection methodology as practiced by
ARB contractors, in the context of completed procurement contracts, has
been carried out. The two principal types of information which have been
useful in this respect are: {1) information obtained by interviewing the
technical staff members who have managed such contract work; (2)
statistical tests, on data generated by MSCD's surveillance testing, to
determine post hoc whether certain factors considered in ARB's program

design are important .enough to deserve continued emphasis.

In this chapter, information from interviews with contractor personnel
is deseribed and discussed 1n subsection 3.2; results of statistical tests

are presented and interpreted in subsection 3.3.

3.2 PROBLEMS IN SELECTION METHODOLOGY AS SEEN BY CONTRACTORS

PES has interviewed, face-to-face, vehicle procurement staff of
Environmental Resource Management, Ine. (ERM), Systems Control, Inc. (SCI),
and Automotive Environmental Systems, Ine. (AESI). PES has also
interviewed over the telephone technical staff of two other procurement
contractors: Automotive Control Engineering (ACE) and EG&G Automotive
Research in Virginia. Some of these staff members have worked on both ARB
and EPA procurement programs. Vehicle procurement procedures reported by
these staff members are all basically the same. Major steps involved in

vehicle procurement are:

1. Candidate vehicle identification
a. Obtain DMV records
b. Sort DMV records for convenient use

C. Select owners of desired-type vehicles

2. Owner contact
a. Prepare a solicitation letter and other contact material
b. Mail the contact material to vehicle owners

c. File positive and negative responses



d. Mail secondary contact material

e. Telephone contact for a procurement arrangement

3. Owner screening
a. Check proficiency of vehicle maintenance
b. Ascertain completeness of written records
C. Verify owner's willingness to participate actively in
program
4, Vehicle screening
a. Verify that the car is a desired-type vehicle
b. Verify that the car 1s safe for driving and testing
Ce Inspect for evidence of any tampering with the emission
control system
The third step is required for a recall program but is often skipped
in a non-recall program. Furthermore, EPA recall programs (EPA 1981)
appear to place greater importance on this step than ARB recall programs.
For instance, EPA requires the following conditions to be met prior to any
vehicle procurement for its recall program:

) Demonstrated proficiency of maintenance per manufacturer's
recommended maintenance schedule;

® Written and notarized records of maintenance (later used as
affidavits); and

® Expressed willingness of the owner to appear in court if

necessary.

Almost all of the procuremeht contractors PES interviewed pointed out
the inadequacy of funding in ARB procurement programs. One procurement
contractor told PES staff his personal experience of justifying various
costs in procurement operation. EPA questioned several cost items of his
company invoice to EPA and decided to audit the company. Based on an
agreement reached between EPA and the company, an EPA investigator worked
for a week with procurement staff of the company to determine whether all
cost items were indeed necessary and justifiable. After the week-long
study, this investigator found no cause for suspicions about the cost items

and approved every one.



Since a car is such an indispensable and personal item in today's
life, most people feel that exchanging their car for a loaner car 1s like
trading their favorite clothes for rented garments. When people are
content with their cars, they simply do not want to be bothered with any
program unless it readily stimulates their interest. In view of this kind
of personal attachment of car owners to their vehicles, the quality of the
contact material and thée personal communication becomes essential for
persuading them to participate in the procurement program. Several
procurement experts confessed that they had made mistakes in their earlier
procurement projects by trying to entice car owners by offering special

inducements or by trying to attract them through newspaper advertisements.

Very few car owners are willing to lend their cars for an unfamiliar
procurement program merely to obtain a small monetary reward or saving.
Successful contact material must be designed to apply specifiecally to the
owner's car. Its purpose must be clear and its style professional, in
order to inspire the reader with confidence in the program. Since the key
to success in the solicitation is to sell the credibility of the program to
car owners, the quality of contact material from the funding agency is as
important as or more important than that of the contractor. During the
. interviews, several contractors reported that refinements in their
solicitation letters or inclusion of company brochures had increased the
positive response rate. Therefore, there appears to be some possibility of
further improvement on the capture rate by refining ARB's solicitation

letter as well as that of the contractor.

As to identification of candidate vehicles, all the contractors
interviewed have pointed out that the vehicle population is so dynamic that
during the 6 to 8 months lag time, which is typical for the vehicle
registration records provided by Polk, Inc., as many as 25% of car owners
may have either moved to other locations or sold their cars. This turnover
rate seems to be higher in areas where many of the residents are transient
or new comers, and lower in areas where the resident population is stable.
Communities with predominantly Mexican-American populations are often
cparacterized by a high vehicle turnover rate. Knowing of such

differences in vehicle turn-over rate among communities, procurement
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contractors tend to concentrate thelr efforts so as to procure more
vehicles from communities with more stable resident populations and fewer

from those with more volatile populations.

The rate of non-response due to this high turnover might be reduced
substantially if ARB could provide the contractor with more recent vehicle
registration records or provide the contractor with a direct access to the
latest registration data at the Department of Motor Vehicles (DMV). This
direct access to DMV's vehicle registration data will counter the concern
raised by some contractors that reliance on Polk-provided registration
records, which are highly organized by manufacturer, engine type, city,
ete., may actually introduce bias due to the use of an ordered list instead
of a randomized list of vehicle owners. (A randomized sample of vehicle
owners can still be .selected from an ordered list but later adjustments of
the sample size to unduly high or low capture rates are more difficult to
make than when an unordered list is used.) Recognizing this possibility,
EPA has recently discontinued the use of Polk-provided registration records
in favor of the use of original state DMV records through its own computer
program which randomly selects owners of desired types of cars for each
procurement program in a statistically sound manner (for more detailed

discussion, see Section 4.0).

Higher-than-normal procurement costs occur when the contractor tries
to procure cars from communities which are dominated by minorities or from
communities which are distant from the contractor's facility. The
communities dominated by minorities are often associated with a high
vehiele turnover rate; also, they present communication problems because
many households there do not include any English-speaking adult. The
communities distant from the contractor'!'s facility also tend to lower the
capture rate because of psychological barriers against lending their cars to
an unknown, remote organization; Extra costs due to this lower-than-normal
capture rate are reinforced by the added costs of transporting their cars

to the facility and back.

One contractor also blamed security problems for his fewer-than-normal
vehicle procurements from minority dominated communities, since some of

these communities are considered high e¢rime areas. In such communities,



security is questionable, for both the drivers and the loaner cars. Thus,
if possible, the contractor prefers to avoid procuring vehicles from high

crime areas.

Unlike "cost-plus-fixed-fee® (CPFF) contracts of EPA, ARB's
procurement contracts are "fixed-price" (FP) and related to the number of
vehicles procured. Under FP contracts, cost considerations tend to deter
scientific but cost-enhancing sampling practices, such as tracing non-
respondents by telephoning them or by second-mailing to them, implementing
PSU's or similar random sampling methods, equally covering boﬁh high and
low response areas, and so forth. Requests by ARB that only vehicles of a
certain manufacturer be delivered at certain times also tend to cause
deviation from true random sampling because, Jjust to meet the delivery
requirement, the contractor is forced to go after a specific prospective
donor, not necessarily chosen at random from all prospective donors with
the desired vehicle model. This practice of using specific prospective
donors reduces validity of currently employed vehicle sampling, especially
when the vehicle is a rare model, or there is some special mileage

stipulation.

As to vehicle secreening, the primary concerns of ARB contractors are
to ensure that the car is a desired-type vehicle and that the car is safe
for driving and testing. Although the vehicle registration record and the
returned post card information may indicate that the car is a desired-type
vehicle, under-the-hood inspection is required before the car is delivered
to ARB. Minor repairs which do not affect emission rates are sometimes
made at contractor's expense when the expense for the repairs is judged to
be less than the cost of locating and procuring another vehicle of the same
type. Indications of tampering with the emission control system do not
result in rejection of the car unless the car is preccured for a recall

program.

Surprisingly or not surprisingly, all the contractors interviewed
indicated that they had very sparingly used incentives (beyond the basic
compensation of providipg a tankful of gas and a loaner car) for attracting
éandidate vehicle owners to the procurement program. They report that such

an incentive as a $50 U.S. savings bond is little appreciated by most
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vehicle owners, while other incentives like free guaranteed tune-up attract
mainly those vehicles which are totally out of proper maintenance.

However, the same contractors said that nearly all prospective participants
demand a lcaner car which is approximately equivalent to or slightly better
than the participant’s car. This desire of prospective donors seems to
lead to lower capture rates and added costs for procuring expensive or

uncommon vehicles.

3.3 STATISTICAL TESTS FOR BIAS IN SAMPLING

3.3.1 INTRODUCTION

In order to minimize potential bias in the sample of vehicles
procured, ARB specified a geographical distribution of the fleet (see
Section 2.1.1) and specified that the procurement procedure should be
designed to achieve an appropriate representation of socioeconomic groups

within the SCAB.

Since the estimation of emissions by SSCD procedures does not depend
in any way on the geographical or socioceconomic distribution of vehicles in
the SCAB, it is evident that these requirements have been based on the
speculative possibility that emissions might be related to location or
socioceconomic status, independently of the other parameters used to specify
vehicle groups. PES therefore undertook certain statistical tests to
evaluate the possible importance of such relations, using CVS emissions
data. Project resources did ncdt permit an in-depth statistical analysis of
LDVSP data; in any event, such an effort was not within the scope of the
project as defined by ARB. Consequently, PES limited the statistical
testing to a preliminary exploration of only a few of the theoretically

[

possible relations.

Using data presented in ARB's Test Report on LDVSP 5, (ARB 1982e)
together with information taken from post-test questionnaire responses,
regarding 339 vehicles procured for the base program in that series, PES
created a computer data base containing the following information for each

car:

1. Identification number assigned 1n the Test Report;
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2. Model year; _
3. Odometer reading as given in the Test Report;

4, Hydrocarbon emissions indicated by the CVS test of each vehicle
in "as recelved" condition;

5. Carbon monoxide emissions, CVS, "as received";
6. Nitrogen oxldes emissions, CVS, Mas received";
7. Miles per gallon as determined in the same test;

8. The location of the registered address of the owner of the
vehicle, in terms of the Regional Statistical Areas defined by
the Southern California Association of Governments (RSA's 12 to
14, 16 to 29, 37 to 42, 45 to 4T, and U49);

9. The income level of the family of the owner of the vehicle, as
indicated in the post-test questionnaire, coded as follows: 1,
$10,000 or less; 2, $20,000 or less, but more than $10,000; 3,
$30,000 or less but more than $20,000; 4, $50,000 or less but
more than $30,000; 5, more than $50,000; and

10. Displacement of the engine of the vehicle, in cubiec inches.
This data base, or portions of it, was used for various statistical tests
intended to probe for possible signs of bias, due to possibly
unrepresentative sampling, which might adversely affect the accuracy of any

emissions estimates based on the test results.

3.3.2 GEOGRAPHICAL DISTRIBUTION OF VEHICLE OWNERS

The effort to assure that vehicles tested are drawn in a
representative manner from all parts of the SCAB is essential if emissions
from otherwise equivalent cars differ systematically in samples from
different parts of the Basin. Since ARB routinely specifies that certain
fractions of the sample must be obtained from the various counties in the
Basin, PES divided the sample into two parts, vehicles from Los Angeles
County vs. vehicles from other counties, and tested the null hypothesis
that the average values of the variables in the database would be the same

for each of the two subsamples.

The test was executed using a standard statistical computer routine,
BMDP7D, (Dixon 1979) called "Description of Groups with Histograms and

Apalysis of Variance." This program calculates the required mean values
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for each of the subgroups and, by analysis of variance, determines the
probability that a difference as large as that found is attributable to
chance (and thus does not reflect any essential difference between the

subgroups).

Results of this analysis are presented in Table 3-1. The subgroups
consisted of 249 vehicles from Los Angeles County and 88 from other
‘counties, after two vehicles were excluded because of incomplete
information. The analysis indicated that the probability of chance
differences as large as those found was more than 5 percent (a conventional
statistical significance criterion) for all variables except #7, the fuel
economy (MPG); for this variable, the probability corrgsponding to the

observed difference was only Y4 percent, or one chance in 25.

This test indicates that the countyaof origin is not a significant
factor in determining the FTP mean emission factors for HC, CO and NOx
(although there may be a measurable relation of average MPG to county of
origin; for Los Angeles County vehicles average MPG was 16.5, while for the
remaining 88 cars it was 17.6). PES concludes that deviations from
proportional representation by counties within SCAB are not of great

importance in sampling to determine emission factors.

3.3.3 EFFECT OF SOCIOECONOMIC STATUS OF VEHICLE OWNERS

ARB's contract stipulation regarding stratification of sampling on
the basis of socioceconomic status is predicated on the perceived
possibility that the attention paid to vehicle maintenance may depend on
the owners' economic status and may affect emission factors. For this
reason, contractors have been required (ARB 1982a) "to exercise some method
of introducing a socioceconomic factor" into the sample design. ARB has
indicated that this may be done by specifying appropriate geographic

subareas.

In developing a list of procurable vehicdles for LDVSP2, in which the
latest available model year was 1977, ERM applied a rather specific
selection process {described in Section 2.1.1, above) to achieve a sampling
bésed on socioeconomic stratification. In later LDVSP procurements,

however, ERM has relied on a more casually randomized selection of vehicles
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Table

3-1. STATISTICS2 ON TESTED VEHICLES BY GEOGRAPHIC ORIGIN

Group: L.A. Co. Other
Variable n X s n X 3

2. Model Year 249 76,9 2.66 88 T77.0 2.62
3. Odometer (KMI) 249  40.6 28.9 88 By.4 32,6
4. BC Emissions 249 1.69 2.31 88 1.67 2.57
5. CO Emissions 249 21.3 26.9 88 8.5 28.4
6. NOx Emissions 249 2.06 1.21 88 2.15 1.38
7. Fuel Eccnomy 29 16.5 4,36 88 17.6 L.64
9. Income (coded) 192 3.00 1.03 T2 2.94 1.20
10. Engine Size 249 227 111 88 208 112

a. Explanation of table:

Variables are described in Section 2.3.1 Units are as follows:

Variable

3, thousands of miles

Variables 4,5,6, grams per mile

Variable
Variable
is the
is the
is the
is the

Irju =i

Prob. is

¥ indicates the difference between group

7, miles per gallon

10, cubic inches of displacement

number of vehicles included (in each group)
mean value of the variable (for each group)
standard deviation (within each group)

F

0.18
1.02
0.01
0.69
0.34
b.13
0.1
1.94

Prob
0.67

- 0.31

0.94
0.41
0.56
0.04u%
0.74
0.16

F-statistic for Snedecor's test in the one-way analysis of
variance

the probability associated with the value of F

5 percent level by Snedecor?’s test.
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within each county to produce a distribution which would be representative

in regard to socioeccnomic status.

For a preliminary indication of whether vehicle emissions are
appreciably related to owners'! incomes, PES applied BMDPTD to the data from
LDVSP5, organized as described above (Section 3.3.2). The vehicles were

classified into four categories of engine size (CID) as follows:

Group 1: CID less than 100 (cubic inches)
Group 2: CID less than éOO, but not less than 100
Group 3: CID less than 300, but not less than 200
Group U4: CID equal to or greater than 300

The vehicles were also classified according to owners' income (INC) as

follows:

Lower income group, not more than $20,000 (INC codes 1 and 2)
Middle income group, $20,000 to $30,000 (INC code 3)
Upper income group, more than $30,000 (INC codes Y4 and 5)

Thus, 12 subgroups were defined with four engine size groups for each of

three income levels. The matrix of sample sizes was as follows:

CID 100 200 300 300 up Total

Income group: lower 13 29 18 32 92
middle 17 26 15 24 82

upper 14 29 12 - 35 90

Total uy 84 45 91 264

The grand total of vehicles used in this analysis was 264, less than the
full complement of 339 vehicles tested in LDVSPS5 because in 75 cases, the
income was not listed in the post-test questionnaire. Table 3-2 shows the

means and standard deviations of emission test results on these subgroups.

The analysis of variance showed that, in this data base, none of the
emission factors were significantly related to income, as shown in Table
3-3. For that matter, none of the other variables compiled were
significantly related to income at the 5 percent probability level. This
résult strongly suggests that randomization of vehicle selection within

counties is an adequate means of controlling any possible bias from the
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Table 3-2. STATISTICS2 ON EMISSIONS (LDVSP 5) BY ENGINE SIZE
AND OWNER INCOME

Engine Size <100 <200 <300 300 up

(a) HC emissions

Lower incomes 1.17 0.91 1.75 1.90 1.15 1.65 2.40 2.59
Middle incomes 1.78 1.94 0.98 1.00 1.06 0.87 2.25 4.00
Higher incomes 7.34 1.08 1.09 1.34% 1.33 1.78 3.06 4.4k

{b) CO emissions

Lower incomes 15.5 13.3 21.3 25.7 10.7 8.8 27.1 27.9
Middle incomes 18.2 19.2 12.6 12.7 16.8 21.3 18.0 13.0
Higher incomes 18.3 15.8 16.9 22.6 9.8 9.1 37.0 52.4

(c) NOx emissions

Lower incomes 1.20 0,94 1.7 1.01 2.81 1.69 2.69 1.38
Middle incomes 2.15 0.86 1.95 1.25 1.66 0.98 2.21 1.32
Higher incomes 2.24 1.02 2.15 1.39 1.87 0.60 2.32 1.29

a. Explanation of table:

For matrix of sample sizes, see text (Section 3.3.3)

Units are grams per mile for emissions, cubic inches displacement for

engine size
X is the group mean rate of emissions
s is the standard deviation (within each group)
Incomes: lower, $20,000 or less annually
middle, over $20,000 but not over $30,000

higher, over $30,000 annually.
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Table 3-3. RESULTS OF TWO-WAY ANALYSIS OF VARIANCE® ON LDVSP 5
EMISSIONS DATA BY ENGINE SIZE AND OWNERS' INCOME

Source DF HC co NOx
F Prob F Prob F Prob
Engine Size 3 5.09 .002 3.99 .008 2.83 .03%
Income 2 0.10 .90 0.46 .63 0.31 .73
Interaction 6 0.56v .76 1.15 .33 2.90 .009

a. Explanation of table:
DF is degrees of freedom for the comparison indicated
F is the F-statistic for Snedecorfs test
Prob is the probability associated with the value of F
Units of emissions are grams per mile.
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suggested socioeconomic source.

_ However, further inspection of Table 3-3 reveals that, for NOx
emissions, the interaction of the two effects is significant; that is,
deviations of the means of NOx emissions for particular subgroups from the
values that would be predicted on the basis of strictly linear effects of
two independent factors (engine size and income) are greater than are

readily ascribed to chance variations.

Further Scrutiny of Table 3-2c¢ (the NOx group average emissions) shows
that various anomalous effectis are present. For instance, with engines in
the two smaller categories, vehicles belonging to owners with relatively
low incomes emit appreciably less NOx than the other vehicles; but with
engines in the two larger categories, that situation is reversed. Togsther
with the finding of significant interaction, this indicates that, for NOx
emissions, owners' income (if it has any effect at all) cannot be

interpreted as having a consistent effect independent of engine size.

In investigating the geographic distribution of socioeconomic status
within the SCAB, PES obtained (from SCAG) computer printouts of household
income distribution by ZIPcodes 1in the Basin (see Section 2.2.3). As a
check on the performance of ERM in selecting PSU's by income level in
connection with LDVSP2, PES reviewed the ZIPcode areas selected by ERM as
representing low income and high income areas. Table 3-8 shows these
ZIPcode areas, with two parameters derived from the CDC data: the
percentage of households with incomes less than $2,500, and the percentage

with incomes greater than $20,000.

The figures exhibited in Table 3-4 do, in general, confirm ERM!'s
assignment of ZIPcode areas to relatively low or high economic status,
even ﬁhough ERM's assessment of this factor was done independently of the
SCAG analysis. Thus the percentage of households with income below $2,500,
for ZIPcodes selected as lower income areas, ranges from 4.2 to 11.6; the
corresponding range for higher income ZIPcodes is from 1.4 to 3.9 percent,
not overlapping the range for the former group. Again, using the $20,000
criterion (which is near the median for SCAG households), ERM's lower

income ZIPcodes show less than 50 percent above the mark in every case,



Table 3-4. HOUSEHOLD INCOMES DATA 2 FOR ZIP CODE AREAS SELECTEDP
AS LOW AND HIGH INCOME AREAS FOR LDVSP2

nC nd n® q 3
ZIFP <2.5 >20 Total <2.5 >20

e e e S et U L . . S S . B il . . o e A S o — - —

Lower income PSU's: 1 91331 790 8400 17,500 4.5 48
2 60022 1130 1100 16,600 6.8 25

90023 750 2600 10,800 6.9 24

3 50001 1180 1950 12,200 9.7 16

90002 1160 1710 10,000 11.6 17

4 90805 1040 9400 24,700 4.2 38

5 90280 1150 8200 23,100 5.0 36

6 90723 560 3600 11,000 5.1 33

Higher income PSU's: 1 90501 450 5600 12,000 3.8 47
' 90502 170 2500 4,300 3.9 57
90503 310 8700 14,000 2.2 62

90504 270 7100 11,200 2.4 63

2 91364 100 5200 7,000 1.4 74
91356 330 6800 11,100 3.0 61

3 91316 310 5900 10,600 2.9 56

4 goolg 560 10400 15,900 3.5 66

5 91790 280 5700 11,300 2.5 59

6 91311 230 6900 10,100 2.3 68
91324 240 5100 8,400 2.9 61

a. Data from 1980 Census Data Printout provided by SCAG Census Data Center,
Southern California Association of Governments, Los Angeles, CA.

b. As listed in Table A-1, LDVSP 2 Final Report (ARB 1980D)
c. Number of households having incomes of less than $2,500
d. Number of households having incomes more than $20,000

e. Total number of households in area.
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whereas the higher income ZIPcodes are above 50 percent in all cases but
one. Thus, PES concludes that the technique applied by ERM did generate a
reasonably appropriate selection of geographically dispersed PSU's within
Los Angeles County, in accord with the desired stratification on

socioeconomic status.

3.3.4 EFFECT OF MODEL YEAR

ARB procurement contracts have required the contractors to deliver
specified numbers of vehicles of each of several (usually ten) model years,
in order to assure a reasonable representation of the various age groups
in the population. This type of stratification of the sample is thought to
be important because emission control technology as represented in models
of succeeding years has been quite variable, largely in response to
increasingly stringent emission control requirements. Thus it may be
presumed that the distributions of emissions, as found in random samples of

vehicles of different model years, should differ significantly, in general.

PES utilized the LDVSP5 data base (described in Section 3.3) to
provide an estimate of the magnitude of this effect. Again applying
BMDPT7D, PES generated statistics for each model year from 1971 to 1980;
means and standard deviations of emissions by model year are shown in Table
3-5. One-way analysis of variance showed (Table 3-6) as expected, that
emissions were significantly related to model year for all three pollutants
(HC, CO and NOx). As also expected, mean odometer readings, fuel economy
and engine sizes differed significantly for different model years, while

the mean owners' incomes did not.

As expected, the mean accumulated mileage (odometer reading) increases
directly with age of the model year group. 1t ranges from 14,200 miles for
1980 vehicles to 99,400 miles for 1971 vehicles, suggesting an average
yearly increase of nearly 9,500 miles per year of age (after the first

year).

In contrast, the average fuel economy (miles per gallon) was at a
minimum, 14.5 mpg, for the 1974 model year, compared with 16.7 mpg for 1671
and 18.6 for 1980.
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Table 3-5. STATISTICS® ON EMISSIONS, ODOMETER READINGS, AND
FUEL ECONOMY (LDVSP 5) BY MODEL YEAR

HC co NOx KMI MPG
Model Year n X 3 X s X s X s X
1971 14 3.90 2.64 U8.1 27 .4 3.53 0.87 99.%4 3.3 16.7
1972 17 3.84 1.75 50.1 25.5 3.00 1.06 g2.1 28.1 15.2
1973 18 4,90 3.38 67.9 62.0 2.66 1.07 T2.7 25.9 14.7
1974 14 4.68 4.83 38.2 15.5 3.45 1.17 65.6 23.4 14,4
1975 29 2.02 1.45 23.2 20.3 2,81 1.38 56.0 20.6 15.1
1976 38 1.41 1.19 20.6 2h.5 2.52 1.05 19.3 20.5 16.1
1977 43 1.64 3.21 14.9 16.4 2.22 1.44 411 20.7 16.2
1978 o 0.82 0.56 10.6 10.4 1.73 0.77 30.2 1.0 17.3
1979 54 0.69 0.54 .8 12.3 1.59 0.87 28,3 8.7 17.5
1980 68 0.59 0.89 8.5 13.4 1.09 0.70 14.2 8.1 18.6
All 339 1.68 2.37 20.5 27.2 2.08 1.25 M1.5 29.9 16.8

a. Explanation of table:
Variables and their units are as follows (see Section 3.3.1):
Variable 4, HC, hydrocarbon emissions (grams per mile)
Variable 5, CO, carbon monoxide emissions (grams per mile)
Variable 6, NOx, oxides of nitrogen emissions (grams per mile)
Variable 3, Odometer readings (thousands of miles)
Variable 7, Fuel economy (miles per gallon)
n is the number of vehicles included (in each group)
x is the mean value of the variable (for each group)
s is the standard deviation (within each group)
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Table 3-6.

EMISSIONS AND OTHER CBARACTERISTICS B

RESULTS OF ONE-WAY ANALYSIS OF VARIANCE2 ON LDVSP 5
Y MODEL YEAR GROUPS (DF=9)

Variable MS RES F Prob
I, HC emissions 70.4 3.84 18.14 0.0000%
5. CO emissions 10,200 482 21.3 0.0000%
6. NOx emissions 20.5 1.04 15.6 0,0000%
3. Odometer (KMI) 21,900 320 68.3 0.0000%
7. Fuel Economy (MPG) 63.9 18.6 3.44 0.0000%
9. Income (Coded) 0.63 1.17 0.54 0.85
10. Engine Size (CID) 29,000 12,100 2.41 0.012%

a. Explanation of table:

Variables are described in Section 3.3.1.
Variable 3, thousands of miles

Variables 4,5,6, grams per mile

Variable 7, miles per gallon

Variable 10, cubic inches of displacement
MS is the mean square for the between-group effect
RES is the mean square for error

Units are as follows:

F is the F-statistic for Snedecor's test

Prob is the probability associated with the value of F

¥ indicates the difference in group means is significant at the
5 percent level.
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The same analysis (see Table 3-7) showed that emissions of.
hydrocarbons (HC) and of carbon monoxide (CO) were rather strongly
correlated, both for the sample fleet as a whole (0.68) and within
individual model years (range, 0.34 to 0.90). However, emissions of oxides
of nitrogen were substantially independent of HC and CO emissions, with

overall correlation coefficients of 0.24 and 0.20 respectively.

From this analysis, PES concludes that stratification of the sample by
model year, as already required in ARB procurement contracts, is
appropriate and should be continued, since it contributes to the
development of a data base in which the significant differences between

model years can be readily tracked and utilized.

3.3.5 EFFECTS OF ENGINE SIZE

Results from the statistical analysis of vehicle emissions by model
year, described in the previous section (Section 3.3.4), indicated that
emissions of the three types of pollutants (HC, CO and NOx) were only
weakly related to engine size. Correlation coefficients between engine
size and emissions were close to 0.2 over the whole sample. (Within model
years, these correlation coefficients ranged from -.22 to +.56, and not
more than three of the thirty were significant at the 5 percent level.)
Although these correlation coefficients may be statistically significant,
the relations they reflect are not quantitatively important; furthermore,
they may be caused simply by the highly significant changes in popularity
of different engine size classes in different model years, over a ten-year
period in which emission factors were declining because of changes in

control technology.

As earlier indicated (Section 3.3.3; see Table 3-3), a two-way
analysis of variance of emissions of vehicles classified by engine size as
well as owners! incomes showed significant differences among the engine
size categories. Inspection of the group means (Table 3-2), however, shows
that the variation of emissions with engine size is not mainly due to a
sinple linear relation. This information appears to be compatible with the

findings expressed in the previous paragraph.
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Table 3-7. COEFFICIENTS OF LINEAR CORRELATION2 BETWEEN EMISSIONS
AND OTHER CHARACTERISTICS OF TESTED VEHICLES (LDVSP 5)

Emissions of

Variable HC Ca NOx

4, HC emissions - +.68% 4. 24%
5. CO emissions +,H68% - +.,20%
6. NOx emissions +.2u% 4 20% -
2. Model Year ~.52% -,54® - 56%
3. Odometer (KMI) +.53% +.U8% 4+ U5*
7. Fuel Economy (MPG) ~.25% -,20% - 14%*
9. Income (coded) -.03 +.06 -.02

10. Engine Size (CID) +.20% +.22%  +,20%

a. Explanation of table:

Variables are described in Section 3.3.1. Units are as follows:

Variable 3, thousands of miles

Variables 4,5,6, grams per mile

Variable 7, miles per gallon

Variable 10, cubic inches of displacement.

The number of data pairs is 339 for all correlations except that it is
26l for correlations involving Variable 9.

$Tndicate the correlation coefficient 1is significantly different from
zero at the 5 percent level.
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PES therefore concludes that stratification of the sample by engine
sizes (CID) is not of the first importance in improving the accuracy of

emission factors and regional emissions estimates.

This conclusion is supported by the results of a similar analysis
regarding sampling methodology used in EPA's Emissioh Factors program. In
summarizing these results, EPA concluded "This analysis showed a trend. . .
of decreasing significance of the vehicle specific variables, to the point
that manufacturer and engine size/transmission variables were not
significant predictors of emission levels for HC and €O by FY '79, while
manufacturer was a significant variable only for NOx in FY 75 and FY '79.
Thus it appears that engine size/transmission may not be a particularly

useful'stratification variable."

3.3.6 EFFECT OF STRATIFICATION BY MANUFACTURER

As indicated in the previous section (See. 3.3.5), an analysis cited
by EPA (EPA 1982) concluded that the manufacturer was not a "significant
predictor" of emission levels for HC and CO by FY '79, and only
occasionally so for NOx. To compare the EPA findings with ARB's data, PES
caleulated mean emissions from LDVSP5 for each model year for vehicles
produced by the two largest U.3. auto manufacturers. The results are shown
in Figures 3-1, 3-2 and 3-3 for HC, CO and NOx respectively in histograms

which also indicate the mean emissions for the entire model year samples.

Although, as the histograms show, there were marked deviations from
the general mean for one or the other of the major manufacturers for some
model years, none of these deviations wefe atatistically significant. For
example, Figure 3-1 shows that the mean HC emissions for Ford vehicles of
model year 1977 were 3.6 grams per mile, more than twice the general mean
of 1.6 and over four times the mean for General Motors vehicles of that
model year. Nevertheless, caleculation shows that this difference is not
significant at the 5 percent level. Specific review of the data shows that
the high average for Ford vehicles is caused mainly by a single vehicle
which produced emissions of 20.2 grams per mile, thus doubling the average

for the subgroup of seven vehicles.
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PES therefore concludes that these calculations confirm EPA's
contention (EPA 1982) that the identity of the manufacturer of a vehicle is
not a useful variable for predicting emission levels. By the same token,
stratification of vehicle sampling among manufacturers cannot be expected
to improve the accuracy of determining overall emissions when using ARB's
LDVSP data base. Nevertheless, other circumstances may Jjustify the
continuance of ARB's stratification procedure, as discussed elsewhere in

this report.

3.4 THE iNFLUENCE OF OUTLIERS ON THE ACCURACY OF EMISSION FACTORS
AND CALCULATED EMISSIONS

One of the most obvious features of the data bases for HC and CO
emissions from LDVSP 5 is a marked positive skewness of the frequency
distribution, i.e., the existence of a very substantial fraction of the
vehicles tested which give CVS emissions more than twice as high as the
average vehicle. For example, although the average CO emission of the 339
vehicles in the study was only about 20 grams per mile, the largest
individual value was nearly 230 g/mi and there were 40 vehicles with

emissions of more than 50 g/mi.

A further important consequence of this highly skewed distribution is
the fact that emissions from the vehicles at the upper end of the
distribution contribute disproportiocnately to the emissions and emission
factor estimates. Thus, the 40 vehicles which emit more than 50 g/mi of CO
account for only 12 percent of the vehicles tested, but they account for
nearly half (47%) of the total CO emissions from vehicles tested.
Furthermoré, since HC emissions are strongly correlated with CO emissions
in this data base, it is likely that these same high CO emitters contribute

a similarly large fraction of the HC emissions from vehicles tested.

These vehicles which give high emissions in the testing program
presumably represent a fraction of the in-use vehicle population which
contributes a much-higher-than-average share of CO emissions to the
atmosphere in the SCAB. It follows that, in order to estimate overall CO
emissicons from the in-use population with acceptable accuracy, speclal
eﬁphasis should be placed on assuring the adequacy of representation of

these high-emitting vehicles in the ARB's emission testing data base.
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It is, of course, not possible to select vehicles for testing on the
basis of thelr emissions which have not as yet been measured. However, if
some sections of the vehicle population are known to include more high-
emission vehicles (which we shall hereinafter call, "outliers™) than other
sections, it is logical to sample a relatively larger proportion of the
former group than of the latter. (Since outliers contribute a large
fraction of the total emissions, it is more important to know their
contribution accurately than to know accurately the relatively minor

contributions of low-emitting vehicles).

To try to identify vehicle subgroups having high incidence of
outliers, PES again examined the data base from LDVSP 5 (ARB 1982E).
Specifically; PES investigated the characteristics of thé vehicles
which were found to be outliers, in regard to model year, manufacturer, and
engine size, as well as owners' income level, to determine whether
particular groups would show significantly higher or lower incidence cof

outliers than the entire sample.

The results are shown in the contingency tables in Table 3-8, which
also indicates the values of X2 and the corresponding probability level for
each of the groupings tested. Each contingency table shows the two-way
distribution of all vehicles tested, with one classifying factor being CO
or HC emissions in each case and the other, respectively, model year,

engine size, manufacturer, and reported household income.

Results of the chi-square (x2) test are shown below each contlngency
table in Table 3-8. x? is a statistic based on the deviation of table
entries from striect proportionality; if the value found is zero, or near
zero, the series of entries in separate rows or columns are proportional or
nearly proportional to each other, and there is no reason to suspect that
outliers will be found predominantly in one group or another. On the other
hand, if the calculated wvalue of X2 is large, the probability is small that
it would arise from a table based on sampling from a-uniform sample. In
this case, the "null hypothesis", that outlier frequency is independent of

the other chosen classifying variable, must be rejected.

Thus, when the entire sample is classified by model year (see Table
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Table 3-8. CONTINGENCY TABLES AND CHI-SQUARE TESTS RELATING TO
DISTRIBUTION OF OUTLIERS FOR CO AND HC EMISSIONS, LDVSP 5
(Outliers defined as CO emissions above 50 g/mi
or HC emissions above 5.0 g/mi)

co HC
Model Years Qutliers Others Total Outliers Others Total
1971-1976 33 97 130 17 113 130
1977-1980 7 202 209 3 206 209
A1l 40 299 339 20 319 339
w2 =35 p < .001 v2 = 20 p <.001
Engine Size
<318 c.i. 17 231 248 8 240 248
2318 e.i. 23 68 91 12 79 91
A1l 10 299 339 20 319 339
y2 = 20 p <.001 v2 =z 12 p <.001
Manufacturer
GM, Ford, Chr. 32 178 210 17 193 210
Others 8 121 129 3 126 129
All ho 299 339 20 319 339
XZ = 5.4 p <.02 X2 = 4.8 p <.05
Owner Income
To $20,000 12 79 91 6 85 91
$20-30,000 it 79 83 3 80 83
Over $30,000 13 78 91 9 82 91
All 29 236 265 18 247 265
X2 = 5.8 p V.06 x2 = 2.4 p ™ .30
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3-8), there are 130 vehicles of years 1971 through 1976, of which 33 (or

25 percent) are outliers with respect to CO emissions. There are 209
vehicles of years 1977 through 1980, of which 7 (or 3.3 percent) are CO
outliers. X2 for this table turns out to be 35, which is so large that
there is less than one chance in a thousand that it would be reached if the
sample came from a population in which CO outliers were equally prevalent
in older and newer vehicles. We therefore conclude that CO outliers mark a
significantly higher proportion of vehicles of model year 1976 and earlier

than of later vehicles.

In a similar way, other results shown in Table 3-8 indicate that there
are significantly more CO outliers in vehicles of engine sizes 318 cubie
inches and over, and in vehicles manufactured by three major domestic aute
producers as compared to other vehicles, mainly imported. However, the
contingency table for socioeconomic status reveals no statistically
significant relation of CO outliers to owners' incomes; there is a
deficiency of outliers in the middle income class ($20 to $30 thousand),
as opposed to those with incomes either higher or lower, but it is not

significant at the conventicnal 5 percent level.

Results of the x2 tests with respect to outliers (above 5 grams per
mile) of HC emissions are generally parallel to those for CO emissions, as
can be seen from Table 3-8. Again, a higher proportion of outliers 1is
characteristic of older vehicles, larger engines, and major ﬁanufacturers,
whereas owners' income status has no significant relation to the proportion

of outliers.

A computer analysis using the program BMDPAF, Log-Linear Model, on 4-
way frequency tables showing the distribution of outliers (HC and CO
separately) against model year, engine size and owner income, confirmed the
results listed in Table 3-8, showing significant relations of outliers to
model year and engine size but not to income. Higher order interactions

were not significant at the 5 percent level.

The indicated conclusion of these tests regarding the proportion of
outliers in various subgroups of the vehicle pepulation is that both HC and

CO outliers occur predominantly among pre-1977 vehicles of major domestic



makes having large engines. As a consequence, it should be possible to
improve the overall accuracy of estimating areawide motor vehicle emissions
by increasing the emphasis on sampling these vehicles. (The standard error
of estimation is inversely proportional to the square root of the number of
vehicles sampled; thus the mean for a sample of 16 vehicles is twice as
accurate as for a sample of only 4.)., However, this possibility will be
important only if the most serious limitations on the accuracy of
estimating areawide emissions do, in fact, reside in the limitations of the

LDVSP data base. This possibility will be further considered in Section 5.

It may, at first glance, appear that there is some contradiction
between the results presented in this section and those reported in
Sections 35&5 and 3.3.6, where it was shown that engine size and
manufacturer were not significantly related to emissions {within model
years) and were not significant predictors of emission levels, according to
an analysis done for EPA (EPA 1982). The contradiction is not real,
however. The comments in EPA's memorandum were directed especially toward
prediction of emission factors for newer vehicles, as shown by the wording:
fyere not significant predictors . . - by FY '79." These newer vehicles
have been subject to increésingly striﬁgent emission requirements, which
have stimulated the development of increasingly effective control
technologies, resulting in much amaller emission levels and less
variability between vehicles of variocus makes and engine sizes. In this
situation it is understandable that the statistically most significant
effects on emissions are those found on dividing the vehicle population by

model years.
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4.0 EVALUATICON OF EPA VEHICLE COMPLIANCE PROGRAMS

U.S. Environmental Protection Agency (EPA) designs, conducts (through
contractors) and implements the vehicle recall program to ensure that
current in-use motor vehicles are meeting the emission standards throughout
the 5-year or the 50,000 mile emission warranty period{ This chapter first
reviews both EPA's and ARB's recall enforcement programs and then evaluates
the EPA program as to which aspects may be applicable for improvement of

ARB procurement programs in the future.

EPA uses a cluster sampling method in obtaining in-use vehicles for
emission testing. Specifically, EPA selects three or four metropolitan
areas in different parts of the country, and procures and tests vehicles
obtained from those study areas. Since motor vehicles in the cluster
sampling areas constitute only a small fraction of the national vehicle
population, the study areas must be carefully chosen so that the combined
vehicle population over the study areas will reasonably approximate the
national vehicle population mix. In order to implement proportional
sampling throughout the clusters, the sample plan must be tailored to each
study area by taking into consideration the vehicle population mix in the

area.

ARB's in-use vehicle surveillance program can also be viewed as a sort
of cluster sampling, since the vehicles tested are procured only from the
SCAB, ordinarily. However, the cluster represented by the SCAB constitutes
about a half of the statewide vehicle population. Therefore, a sample
representative of the SCAB vehicle population is, in practical terms,
representative of the California vehicle population as well, unless the
vehicle mix of the SCAB is markedly different from that of the overall

California vehicle population.

PES has reviewed an EPA guideline document (EPA 1981), which is given
to EPA contractors to ensure a consistent procurement operation from one
procurement program to another. Attachments II through IV of the guideline
document spell out all major steps involved in the procurement operation.
Such steps are diagrammatically illustrated in Figure 4-1. For easy

comparison, a similar diagram for ARB procurement is shown in Figure 4-2.

4-1
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Figure 4-1. EPA Procurement Diagram




ARB Determines Sample Size and Vehicle Mix
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Figure 4-2. ARB Procurement Diagram
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Major differences between ARB and EPA procurement procedures are:

1. While ARB lets its contractor select candidate owners randomly
from vehicle registration records, EPA provides the contractor
with an owners list already randomized in a statistically sound
manner.

2. While ARB's contractor contacts only those owners who have
returned the reply post card indicating willingness to
participate, EPA's contractor contacts, in addition, those owners
who have not returned the reply post card.

3. EPA's contractor is not allowed to procure a candidate vehicle
until all candidates above it in the list have been either
determined to be acceptable for testing or eliminated.

EPA's owner-screening criteria appear to
of ARB, and are implemented rigorously by its contractor.

4
°

As to the first difference, the EPA method eliminates uncertainty as
to how well the contractor designs and implements its sampling plan.
"Random selection” is an objective, unbiased, statistically sound method of
selecting study items without any preference. Random selection, however,
is often misinterpreted as a synonym for "arbitrary selection”, which is
usually subjective and biased by the selector's habits and preferences.
Present ARB procedures leave much more discretional choice to the

contractor in selecting candidate vehicle owners.

As to the second difference, the EPA method increases considerably the
cost of identifying "ywilling® candidates but it helps little to impreove the
representativeness of samples so obtained or to raise the final capture
rate. According to an EPA contractor in Virginia, 50% to 60% of the
candidates to whom the solicitation letter is mailed are eventually
telephoned. In spite of such an intensive effort, the final capture rate
is about 5%. (This figure would be higher if the contractor did not reject
owners whose vehicles fail to meet EPA criteria for the testing program.

These owners account for 20% to 50% of the "willing" candidates.)

As to the third difference, the EPA method imposes on the contractor a
burdensome inflexibility in the vehiecle procurement operation. EPA's
intent is to eliminate an unknown bias which may be caused by behavioral

differences between so-~called "eager beavers" and those who are more wary
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of any kind of solicitation.

The fourth difference is only conjectural and has not been
substantiated with documentary evidence. However, the rejection rates of
"willing" candidates seem to be considerably higher among EPA contractors
than among ARB contractors. To be qualified for the EPA recall program,
the vehicle owner must have adequate records of manufacturer-specified
maintenance for his car and must alsc be willing to appear in court as a

witness, if required to do so.
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5.0 DISCUSSION AND BASIS OF RECOMMENDATIONS

The overall purpose of this study, as defined by ARB, was to evaluate
the adequacy of vehicle sample selection methodologies in relation to three
ma jor ARB activities: (1) establishing emission factors for mobile source
emission inventories; (2) setting emission standards for new motor
vehicles; and (3) investigating the durability of emission control systems.
In particular, methods used by ARB's procurement contractors were to be
critically reviewed and the methods used by EPA in vehicle compliance
testing were to be considered, in order to generate recommendations for
possible improvements in selection of vehicles for ARB's "in-use" vehicle

surveillance program.

ARB has defined the objective of the procurement contractor as, "to
select a random sample of vehicles that is representative of the population
of vehicles of each engine size, manufacturer and model year being driven
in California.® Thus, a particular emphasis of this study‘has been to

evaluate the procurement contractor's success in achieving this objective.

On first examination of the existing arrangements for procurement of
vehicles, two limitations became apparent. First, it would not be feasible
for any procurement contractor to achieve a scientifically random sampling
of motor vehicles in the South Coast Air Basin. Second, of the ARB
activities which depend on the "in-use" vehicle testing program, the
establishment of vehicle emission factors for the mobile source inventories
is the one which most critically depends upon obtaining a data base that
would be adequately representative of the California motor vehicle

population.

5.1 RANDOM SAMPLING AND PROBLEMS OF BIAS

Scientifically, a random sample can be defined as a sampling of items
from a population, in which each item in the population has an equal chance
of being selected and each item 1is selected independently of each other
ijtem. In the ARB Min-use" motor vehicle surveillance program, it is
impossible to achieve a random sample of this sort because some components

of the population are excluded from the sample. In the first place,



certain types of vehicles are ineligible by ARB policy, e.g., rental cars,
fleet vehicles, and law enforcement vehicles. In the second place,
dependence on a voluntary participation system automatically excludes from

the sample all vehicles whose owners decline to take part in the program.

These exclusions from the sample universe may or may not have an
appreciable effect on the quantities estimated for use in emission
inventories (i.e., on emission factors). If the excluded vehicles and
those withheld from the program by owners have essentially the same
emission distribution as those actually obtained for the sample, then no
error will be made by relying on the sample to represent the population.
Unfortunately, there is no apparent method for determining the emissions of
these unsampled vehicles, and there is no convincing rationale for assuming
that they are the same as those sampled. Thus, even if the procurement
contractor were to deliver a truly random sample of the available
population universe, that sample could not be guaranteed to yield reliable

statistics for the entire in-use vehicle population.

Implicitly recognizing these difficulties, ARB has directed its
procurement contractors to use a stratified sampling system, with gquotas
.for sample sizes specified by model year, manufacturer and engine size, and
to apply random sampling techniques within the specified vehicle categories
("strata™)., This eliminates any requirement for the contractor to
randomize the sampling of vehicles as between model years etc., but it
leaves unchanged the problems of bias due to excluded classes of vehicles

and due to the large fraction of non-participating vehicle owners.

Thus, given the constraints imposed upon the procurement contractor by
ARB and by real world conditions, the contractor cannot guarantee to
achieve a scientifically random unbiased sample of vehicles which will

accurately represent the actual vehicle population.

5.2 REQUIREMENTS FOR ACCURACY OF DATA BASE

Reviewing the major activities for which ARB intends to use data from
the motor vehicle testing, we must consider what are the necessary

characteristics of the data base to serve each purpose to best effect.



First, to establish emission factors for developlng moblle source emission
inventories, an adequate sampling of all classes of vehicles which

constitute the in-use population must somehow be achieved.

Second, to provide adequate information for setting emission standards
for new motor vehicles, it would appear that the accuracy required would be
easily assured if reasonable confidence limits for the first objective were

achieved.

Third, for investigating the durability of emission control systems,
each such system to be assessed could be the subject of a specially
designed survey protocol, defining numbers of vehicles required as well as
any special conditions for the procurement. If durability information 1is
to be derived from the same data base used for the previous two objectives,
its accuracy would be constrained by the proportion of the data base

devoted to vehicles equipped with the system in question.

Adequacy in this context may be arbitrarily defined as the achievement
of 95 percent confidence limits no more than 10 percent above and below the
emissions index which is‘ultimately to be estimated. This implies that the
standard error of the emissions estimate should be not more than 5 percent

of the mean.

This is in fact a very stringent goal. It may not even be currently
feasible, in view of some technical factors as well as resource
constraints. Nevertheless, an emission inventory total that is intended
for use in air quality management planning, but cannot meet the criterion
of + 10 percent accuracy, will'not be generally perceived as fully
satisfactory. Therefore, we have assumed that such accuracy, even if not

currently attainable, should ultimately be a goal of ARB.

5.2.1 EMISSION FACTORS

Since the emission factors constitute only one part of the input
required to calculate total emissions, 10 percent accuracy in determining
emission factors does not automatically assure 10 percent accuracy in
estimating emission inventory totals. There is little doubt that, in most

emission inventory calculations, the activity factors (VMT, numbers of



trips, etc.) are no more accurately known than the emission factors.
However, in ARB practice, determination of activity factors is the
responsibility of a separate organizational division (the Stationary Source
Control Division, SSCD) and is outside the scope of this study. We
therefore assume that the desired accuracy in determination of emission
factors is such that a surrogate emissions total or "composite emission
factor,” based on the vehicle testing data base and appropriately weighted

by activity factors assumed known without uncertainty, will be accurate to

within + 10 percent.

It is true that the composite emission factors actually applied by
SSCD are not the emission factors supplied by MSCD but are derived by a
detailed process (see Section 2.3.2) in which the values furnished by MSCD
are adjusted for the effects of road conditions and weighted by VMT and
trip estimates corresponding to local conditions in whatever area is under
study. It is also true that MSCD furnishes its emission factors not in the
form of individual estimates for individual matrix elements (calendar year,
model year, odometer mileage, ete.) but in the form of linear equations
(see Section 2.3.2) having coefficients whose accuracy is unspecified.
However, the chosen approach, involving consideration of accuracy in terms
of a surrogate emissions total, obviates much complicated analysis and the
necessity for several additional arbitrary assumptions in favor of one
general assumption: that the vehicle testing data base will be adequate if
it provides for standard accuracy when applied to any vehicle distribution
of the 1980's. Thus, in this report, we discuss procurement problems in
the light of their effect on the accuracy of total emissions (or, what is
mathematically the equivalent, the overall composite emission factors) for

such a surrogate distribution.

This study has not focused on the problem of determining the
durability of emission control systems. Information relating, to this
endeavor has been published (ARB 1981d) (not by MSCD, but by'SSCD) in the
form of tables of new-vehicle emission rates and deterioration rates for 11
classes of vehicles, to be used in the esfimation of area-wide motor
véhicle emissions for emission inventories. An example of such a table is

shown as Table 5-1. The tabulated coefficients are derived from the
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Table 5-1. EXHAUST EMISSION RATES*ARBl

LIGHT-DUTY PASSENGER CARS

A (GM/MILE) B (GM/MILE)
: NEW VEHICLE DETERIQRATION RATE
POLLUTANT MODEL YEAR EM1ISSION RATE (PER 10, 000 MILES)
HC PRE—~1966 2. S80 0. 180
HC : 1966—19467 4. 840 0. 250
HC 1968-19469 4. 310 0. 250
HC 1970—-1971 3. 700 0. 370
HC 1972-1974 3. 020 0.170
HC 1975—-1976 0. 480 0. 32350
HC 1977-1979 0. 280 0. 210
HC 1980-1982 0. 330 0. 200
HC 1583—-1984 0. 290 0.210
HC 1985+ 0. 250 0.210
Cco PRE-19&6 " 79. 310 2. 250
Cco 19566—1967 57.410 2. 550
co 19468-1969 53..750 2. 550
co 1970-1971 44. 430 T 3.130
co 1972—-1974 33. 290 2. 440
co 1975—1976 7. 730 2.780
CcOo 1977-1979 4. 320 2. 220
co 1980 5. 720 2. 440
COo 1981-1982 5. 440 2. 440
co 1983-1984 4750 2. 100
o) 1985+ 3. 900 1..760
NOx PRE—194&6& 2. 930 0. 000
NQOx ' 19646—-1970 4. 0460 . 0. 000
NOx 1971-1973 3. 400 0. 040
NOx 1974 2. 200 0. 040
NOx 1975—-1976 2. 030 0. 040
NOx 1977-1979 1. 510 0. 070
NO x 1980 0. 760 0. 120
NOx 1981—-1982 0. 560 0. 100
NDOx 1983+ 0. 350 0. 080 R

1

Source: Supplement 2 to Procedure and Basis for Estimafing On-Road Motor Vehicle
Fmissions, Junme 1981. State of California Air Resources Board, Stationary
Source Control Division, Emission Inventory Branch, Motor Vehicle Emissions
and Projections Section. (ARB 1981d)



vehicle testing data base by linear regression analysis.

It is not clear that the practices of the vehicle procurement
contractors affect the accuracy of these deterioration factors except in
the most general sense, that a biased sample of any population is likely to

yield inaccurate statistics.

5.3 THEORETICAL OPTIONS FOR SAMPLING DESIGN

To provide the data needed for developing emission inventories, the
LDVSP data base will be most effective if it contains information covering
a statistically representative set of vehicles. The principal difficulties

in obtaining such a data set may be listed as:

(1) exclusion of certain segments of the vehicle population for
administrative or logistic reasons

(2) costs of sampling and testing adequate numbers of vehicles
(3) the problem of representing a continually shifting population.

The prineipal theoretical options for implementing a sampling program

may be listed as:
(1) continuous random sampling
(2) stratified sampling (e.g., present ARB practice)
(3) incremental quota sampling

(4) intensive sampling of population segments (e.g; to study mileage
dependence of emissions).

Following is a brief discussion of the advantages, disadvantages and

status of each optilon.

5.3.1 CONTINUOUS RANDOM SAMPLING

We have noted (see Section 2.2.2) that completely random sampling of
the vehicle population is administratively difficult, probably
prohibitively expensive, and perhaps practically unfeasible under current
conditions. It is also inconsistent with ARB's current policy of excluding

certain classes of vehicles (or vehicle owners) from participating in the



testing program.

Nevertheless, in principle, continuous random sampling offers the most
direct way of obtaining accurate representation of the real on-road vehicle
population. If implemented and continued over a long enough period of
time, it could conceivably yield an emissions data base for a sample
population which would reflect the actual daily activity of the various
types of vehicles being driven in a study area, as well as trends in the

vehicle population over time.

We suggest that the implementation of the currently mandated
California Motor Vehicle Inspection Program may provide an opportunity for
ARB to implement such a prograi. If all California vehicles, or all in a
region such as the South Coast Air Basin, are required to undergo emissions
inspection on a regular basis, it should be possible for ARB to institute a
systematic survey of the entire vehicle population and to select a given
proportion, on a random basis, for the more elaborate testing done by MSCD.
If participation in the extended testing sequence could be made automatic,
the problem of possible bias because of non-participating owners would
vanish. Otherwise, perhaps incentives to participate could be set high
enough to ensure a large capture rate and thus minimize the likelihood of

appreciable bias due to non-participation.

Another approach would be to mount a continuing survey prograil to
compile a random list of license plate numbers observed in traffic, then
obtain by solicitation each vehicle thus selected, or an acceptable
surrogate vehicle. For example, a list of principal traffic links could be
compiled and one randomly selected for visiting on each day of the year; on
each visit, one or two passing vehicles could be selected, using 2 standard
protocol to assure & random choice; then a procurement contractor would
identify the owner and persuade him to participate in the ARB testing
program. On failing to do so, the procurement contractor would seek to
obtain, as an alternate, some similar vehicle from a more willing owner.
This procedure would not eliminate the problem of bias due to voluntary
participation, and it would be substantially more costly than the current
procurement progranm. Tt would offer the advantage that the sample obtained

would be directly representative of vehicles in use, eliminating the



problem of setting quotas for various vehicle population segments {which is

one source of uncertainty in the current program).

5.3.2 STRATIFIED SAMPLING

Stratified sampling provides an approximation to the results of random
stratified sampling and 1is based on essentially the same rationale. If the
entire vehicle population can be divided into a series of subpopulations
("strata") whose numbers are known with reasonable accuracy, then the
peopulation mean can sometimes be determined more conveniently by
independently determining the means for the various strata and applying
standard statistical algorithms to combine them. In particular, if the
variances of the various subpopulations differ substantially from each
other, it may be possible to enhance the efficiency and improve the
accuracy of the desired overall mean by appropriately adjusting the

proportions to be sampled for each subpopulation.

ARB, in its vehicle procurement contracts, attempts to specify the
sample numbers appropriate to the subpopulations rather than to leave those
pumbers to the contractor!s discretion (ARB 1983a). It is intended that,
within each stratum, vehicle selection will be random. It 1is also intended
that each stratum will be represented by the same proportion of the total
population of such vehicles in the study area (at least for the
subpopulations which compose the population of vehicles of any one model
year; quotas for different model years have apparently been formulated on a

more intuitive basis).

Tn its LDVSP procurement contracts, ARB has typically specified quotas
for as many as 200 strata, based on manufacturer, model year, vehicle type
(car or truck) and engine size. Some quotas in LDVSP 5 were for as many as
seven vehicles, but most were for only one or two vehicles. The quotas are
determined in proportion to estimates of the real subpopulations, obtained
from State registration data and manufacturers' reports of production of

various engine sizes.

A similar sampling methodology deseribed by EPA (EPA 1982) has been

criticized by Survey Research Center of the Institute for Social Research,
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which commented (EPA 1982) "no one really knows how well quota samples
reflect the population of interest . . . actual bias is highly likely if
there is any relationship between quota criteria and other factors

influencing vehicle emissions.”

While stratified sampling imposes a requirement for accurately
assessing the populations of the strata, it also opens options for
optimizing the accuracy and efficiency of sampling in relation to the
various purposes which may be served by the data base. Appendix A offers a
brief discussion of some options for optimizing sampling quotas in the VSP

programs.

The power of random stratified sampling (see discussion, Section
2.3.1) diminishes when the number of items sampled from each stratum
becomes too small. In ARB's sampling scheme, many individual quotas are
only one or two vehicles. This degree of stratification seems likely to be
counterproductive, as 1t interferes with the potential randomness of the
‘sampling procedures and, in effect, substitutes an arbitrarily defined

sample for a random sample of the population.

Stratification of a population for sampling purposes confers no
improvement in accuracy of estimating the mean unless the individual strata
have distributions that differ significantly from that of the overall
population. In particular, if the true means of the strata do not differ
significantly, stratification will not be advantageocus as compared to

random sSampling.

When sample quotas for individual strata are too small, the conditions
for demonstrating significant differences petween strata means become
difficult to meet, because the confidence intervals surrounding those means
~are often inordinately wide. However, the problem of overstratification
can be avoided or alleviated by combining non-essential strata and thus
reducing the number of strata. For example, the nearly 340 vehicles
allotted for testing in LDVSP 5, if stratified by model year only, would
allow for average sample size of 34. Any further substratification would
begin to be excessive if it produced more than 5 strata within each model
year. Thus, one reasonable substratification would divide the vehicles of

each model year into 5 groups: perhaps one for each of three major US
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manufacturers, one for European and other American manufacturers, and one
for Japanese manufacturers. However, & stratification into five sets of
manufacturers and two ranges of engine size would be excessive, because
this would produce 100 strata (10 mode; years x 5 manufacturers x 2 engine

size ranges) and an average sample size less than 4 vehicles.

Another way to reduce the number of strata, so as to facilitate the
statistical interpretation of vehicle emissions test data, is .to sample
only vehicles of every second model year, instead of all model years, in
each annual surveillance progralil. This strategy can also lead to a new
system of estimating both areawlde composite emission factors and annual
rates of deterioration of those emission factors, with certain advantages

over the current gystem.

To sample in this manner, for exanmple, in 1983, vehicles are sampled
from the half of the vehicle population consisting of model year vehicles
of 1983, 1981, 1979, 1977 and 1975, In the next year, 1984, vehicles will
be sampled from the other half of the vehicle population consisting of
1984, 1982, 1980, 1978, and 1976. Thus, the sample size for each model
year will be doubled in each surveillance program, compared to the

currently used sampling scheme.

The above sampling scheme provides emissions test data for 1-year-old
cars, 3-year-old cars, 5-year-cld caré and so on. The lack of even-age
cars will not cause any significant data loss; for the purpose of
determining emission deterioration factors, the spread of accumulated miles
among those odd-age cars would be as large as that among every-age cars.
Increased sample sizes in model year strata might enable ARB to derive an
emission deterioration rate for gilven-age cars directly from each model
year stratum instead of going through the conversion of a regression
relationship between emissions and accumulated mileage on individual cars

into the less direct relationship for ages of vehicles.

5.3.3 INCREMENTAL QUOTA SAMPLING

It is a point of some importance that, in ARB's LDVS3P daﬁa base, the

yearly quota samples do not constitute the sole or even principal source of
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the data which must be utilized in providing emission factors for use by
33CD. Rather, the new information each year constitutes an increment to
the data'base; it yields the first tentative evaluation of the emissions
from new vehicles reaching the highways, and it bolsters the determination
of emission factors and deterioration factors for previous years by further
increasing the body of testing data avallable for statistical interpreta-
tion. Viewed in this light, 1t appears perhaps less critical to assure
accurate representation of the extant motor vehicle population of the
current year than to assure that the entire data base, accumulated over
several years, contains the data required to permit accurate estimates of
emissions and trends In emissions during those years for emission inventory
and plamming purposes. If there are important sources of bias, as there
may be, which affect the annual data increments year after year, then it is
to be expected that the integrated data base is subject to a similar bias.
However, for the sake of maintaining continuity in the ability to assess
trends, it may be important to evaluate any important source of bias

thoroughly before deciding whether and how to eliminate it.

What may be called nineremental" quota sampling is envisioned as a
system which would operate‘in essentially the same way as ARB's current
quota sampling system. However, the selection of strata to be represented
and of quotas to represent them would be specifically ad justed to optimize
the usefulness of the resulting cumulative data base for emission inventory

purposes.

We do not wish to imply that ARB has neglected the cumulative aspect
of the data base in previous vehicle procurement quotas. Although total
quotas for various model years are said to be determined arbitrarily, it is
evident from the tables given in the contract solicitations (and in the
final reports of each testing series) that there is in fact always a
greater emphasis on testing more recent model years than older ones. (See,

for example, A-2 in Appendix A.)

It is, of course, fully appropriate that the quotas for new vehicles
be larger than for older ones, since the cumulative data base already
contains much information regarding the older vehicles, but none regarding

the newest. The purpose of ineremental quota sampling would be to
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capitalize on the same principle by explicitly considering the information
already in the data base in order to calculate quotas which would

supplement that information most efficiently.

To apply these principles on an incremental quota basis, the gquotas
would be calculated for the entire data base (rather than for one year's
procurement as shown in the example) and quotas for the year would be
determined by difference petween the calculated total quotas and the sample
numbers already in the data base. However, the examples discussed in
Appendix A illustrate that the required quota ad justments might very

well be major ad justments.

5.3.4 INTENSIVE STUDIES OF SPECIFIC SUBPOPULATIONS

For some purposes it may be desirable not to rely solely on random or
quasi-random sampling of the general vehicle population, but to develop a
special sample designed to provide particular technical information. For
example, we have seen that ARB would like to study the durability of
control'systems; but we have also observed that the regression analysis
approach, applied to routine testing data accumulated in the LDVSP data
base, may yield uncertain results and, therefore, questionable
interpretations. Again, in order to decide on the desirability or
necessity of requiring a manufacturer to recall and repair vehicles of a
certain cohort, it may be necessary to sample that cohort much more

intensively than the general vehicle population.

In assessing the durability of a specific control system, an analysis
based on repeated testing of a relatively small set of vehicles is likely
to be much more productive than an accumulation of single tests on randomly
selected cars. While random sampling and statistical evaluation can
furnish a very good data pase for characterizing the emissions of a wide-
ranging population with a multiplicity of vehicle types and ages, it is
really of very little use in investigating the behavior of individual
vehicles and the changes in their emissions with accumulated mileage or
time. Such investigations are more likely to profit from an emphasis upon

detailed observétion and experimentation to illuminate the physical causes
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of system deterioration.

The statistical approach minimizes precisely these detailed aspects of
vehicle behavior which might be used to create a useful mathematical model
of system deterioration. Further, such a model is very likely not to
conform to the assumptions which are implicit in the use of linear
regression analysis. In short, an investigation of control system
durability is a type of study to which simple survey procedures may be

unsuited.

On the other hand, sampling for recall testing is a case in which
statistical procedures will usually be important. However, the most
appropriate statistical procedures for recall testing may be a different
set from those most useful in estimating areawide emissions. In planning
for such testing, therefore, numbers of vehicles sampled should be
predicated on these statistical aspects. From the fact that ARB
procurement quotas for recall testing purposes ("special sampling") (ARB
1982b,¢,d,e) have been substantially higher than quotas of the same type of
vehicles for surveillance testing, it appears that ARB is aware of these
considerations and has been applying them. We therefore offer no further

discussion of the statistical aspects of recall sampling at this point.

5.4 IMPLICATIONS FOR VEHICLE PROCUREMENT SYSTEMS

5.4.1 EFFECT OF CAPTURE RATE ON BIAS IN DATA BASE

In Section 5.1 we have argued that vehicle procurement contractors
cannot guarantee to provide unbiased samples of the existing vehicle
population because (a) some vehicles are excluded by policy and (b) some
vehicles will not be made available by their owners. However, bias
introduced by these conditions may not be serious, depending on two
Factors: (1) how sharply each excluded subpopulation differs from the
remaining population which is adequately sampled, and (2) how large the

unsampled population is in relation to the sampled population.

For example, if the population of vehicles excluded for policy reasons
ig small, and if there is no reason to suppose that such vehicles

predominantly have excessive emissions, then it can be concluded that the
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oeffect on the composite emission factors due to excluding this
subpopulation will be small. If this is the case, very likely there is no

reason to be concerned about this effect.

On the other hand, the population of vehicles not made available by
their owners can only be considered large, in view of the small capture
rates reported by procurement contractors. In both ARB and EPA vehicle
surveillance programs, available information indicates that capture rates
exceeding 10 percent are uncommon. From this we may infer that the
population of unavailable vehicles is of the order of magnitude of 90
percent. In this case, 2 relatively minor difference in the distribution
of emissions between the sampled and unsampled populations could have very

serious effects on the accuracy of estimating areawide emissions.

Low capture rate is certainly a source of many unknown biases in the
samples obtained in the past programs Or to be obtained in future programs.
However, there is no practical prospect of raising the capture rate to a
level that would ensure the removal of such biases. Thus, rather than
seeking a definitive solution to the problem of low capture rates, it seems
more useful to examine how current procurement operations affect and are

affected by the low capture rates.

The procurement contractor is required to procure a given number of
vehicles of specified types under financial and time constraints,
regardless of what the final capture rate may be. Under such a condition,
it is natural for the procurement contractor to use his best knowledge and
available resources to minimize the cost of procuring the desired vehicles.
Suppose that there are two areas: one where the capture is somehow
consistently high and the other where the capture rate is somehow
consistently low. Assuming that other conditions are practically same for
the two areas, the procurement contractor would naturally focus his effort
on obtaining vehicles from the area with high capture rate rather than the
other area with low capture rate. Thus, his practice of minimizing the

cost naturally tends toward raising the capture rate.

However, such a practice may bring a more imminent problem of, say,
oversampling middle income surburban communities where people perhaps tend

t£o maintain their cars more carefully and undersampling low-income mid-
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urban communities where people tend not to maintain their cars. Such a
syétematic difference in car maintenance practice between communities could
cause more serious bias in the sample than the difference in maintenance
practice between people willing to participate and those not willing
because the former would produce a real pias whereas effects of the latter

would more likely be random.

Although it is more or less conjectural, the above discussion clearly
indicates a need for mandatory sample allocations over different

socioeconomic areas.

0of the model year strata, the earliest in the data base are most
likely to constitute significant sources of bias. As the data from LDVSP 5
show (see Section 3.3.3), average emissions of both HC and CO are much
larger for these older vehicles than for the overall data base; for model
years 1971 through 1974, the averages (in grams per mile) are HC 4.3, CC 52
compared with overall averages HC 1.7, cO 21. Since the variance
associated with these larger averages is also much larger than the variance
for later model years, fhe averages for the older vehicles are less
accurately known. Alsc, as has peen discussed (Section 3.1), the

proportion of outliers is significantly higher for the earlier model years.

Thus, even with the best random sampling procedures, the small numbers
of vehicles sampled for these model years lead to a large uncertainty in
estimating their emissions and a correspondingly large uncertainty in
overall emissions. When it is also considered that the procurement
contractors may be reluctant to deal with such vehicles (many of which may
be disqualified for reasons of safety and driveability), it appears that a

substantial bias from this source is a distinect possibility.

Such bias, if it exists, is most likely to cause underestimation of
areawide emissions (because existing excessive emitters will not be
proportionately represented). A mitigating factor is that the relative
populations of vehicles of earlier model years is clearly declining, SO
that bias for those years may become less important. However, the problem
will no doubt increase in later model year cohorts as more of those
vehicles outlast their warranty periods and their control systems

deteriorate.
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5.4.2 APPROACHES FOR CONTROLLING BIAS

It is basically not possible to eliminate bias from any survey or
sampling operation, since the possible sources of bias are leglon and many
are highly speculative 1in nature. To reduce possible biases to an
acceptable level, the designers of a survey nust endeavor to identify the
possible important factors capable of causing bias; knowing these, the
principal options are (1) to eliminate them by redesigning the sampling
operation and (2) to account for them by evaluating them and appropriately

adjusting survey results.

Fortunately, many conceivable sources of bias are of little
consequence in the execution of a program, but it is important to evaluate
the possibilities at an early stage in program planning. In the case of
ARB's in-use vehicle surveillance programs, data are already available,
from several years of testing, which can facilitate judgments as to the
probable importance of various sources of bias. Some of the statistical
procedures which are useful in this context have been illustrated by
example in Section 3.3, using the LDVSP 5 data. They indicate, in a
preliminary manner, that biases due to inaccurate representation of model
year subpopulations are potentially serious; that biases in sampling by
manufacturer and engine size may exist but are probably less important;
that biases due to inadequate geographical and socioceconomic sampling

appear to be minor.

In view of these considerations, it is logical to recommend that the
accumulated data base from the in-use vehicle surveillance program be
statistically reviewed annually, not only to determine the appropriate
quotas for sampling by model year, put also to monitor the importance of
recognizable sources of bias and to devise an appropriate partition of
model year quotas into quotas for the various subgroups. An analysis of
the error bounds associated with the statistical parameters (emission
factors and deterioration factors) reported to SSCD for use in estimating
areawidé emissions should also be performed. Comparison of such results

from year to year would indicate whether the program could achieve



consistent improvement in the efficiency of the sampling design and overall

accuracy of the results.

Besides the simple exploration of the data base and annual monitoring
of its quality, other means of evaluating and adjusting for possible bias
in sampling exist. The imminent implementation of a California
vehicle inspectioh and maintenance program may provide an opportunity to
compile relevant statistics on the emission status of practically all
vehicles which belong to specified categories. The inspection systems used
in the MVIP program will, of course, not be equivalent to the CVS testing
done at the MSCD laboratoery, but the distribution of failures in the MVIP
program should show a rather high correlation to statistics which can be
derived from the VSP data bases. Tt would be advantageous, if possible, to
provide for a continuous and fairly intensive statistical monitoring of the
consistency between data from the two sources. Exploration of the
relations and discrepancies should help to evaluate suspected sources of

bias and, perhaps, reveal some unexpected ones.

Finally, to deal forthrightly with the problem of bias due to low
capture rates, various experimental approaches can be devised. Incentives
to participate can be varied, and they should cause some variations in
capture rates. If parallel testing programs could be run based on
different incentives and therefore different capture rates, there would be
an opportunity to determine the sensitivity of the estimated emission

factors to the capture rates.

Other sources of bias can also be investigated by special surveys and
experimental approaches. It is likely, however, that for most practical
purposes such approaches will be too expensive and time-consuming to be of

much use in connection with the in-use vehicle surveillance progra.

5.5 USE OF INCENTIVES TO ENCOURAGE PARTICIPATION

A low response rate is one of the principal concerns expressed by many
vehicle procurement personnel whom PES has interviewed under the present
study. The reason for the concern is the effect of low response rates on
sample bias (the lower the response rate, the greater the chance of

sntroducing a significant bias into the sample population of procured
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yehicles).

The Institute of Social Reseach (ISR) at University of Michigan
conducted, for EPA, the telephone interviews of both participants and non-
.participants in the FPA's FY '80 Emission Factor program in San Antonio.
Many of the ISR interviewees have indicated that an independent report on
the mechanical condition of the vehicle, or a guaranteed tune-up, could be
more valuable to them than a $50 savings bond or a loaner vehilcle.
However, PES interviews with the procurement contractors revealed thatvsuch
alternative incentives had already been tried in the SCAB. The
solicitation letter of one procurement contractor implies that upon
request, such an independent report on the mechanical condition and the
test result will be furnished. This offer seems to increase the rate of

positive response to mail solicitation.

Several procurement contractors have tried offering prospective
participants a free tune-up service as an incentive. According to their
experience, such an incentive tends to attract vehicles which are totally
out of proper maintenance and thus introduce a bias toward poorly
maintained vehicles. This incentive is also quite risky for the contractor
because the cost of fulfilling the promised service varies widely from car

to car and is difficult to control.

The ISR survey also identified the three major reasons for non-
participation: not recalling the solicitation letter; doubt about the
legitimacy of the program; and inconvenience of participating in the
program. The first and second reasons reinforce the importance of contact
material and follow-up contact, while the third reason indicates a need of
reasonable compensation for the perceived inconvenience. One solution to
this perceived inconvenience is to provide the owner with a loaner vehicle,
which is practically equivalent to his own car. However, this type of
incentive is quite costly because the contractor would have to acquire a

wide variety of loaner vehicles in order to meet all requests.

In California, the mandatory inspection/maintenance (I/M) program is
scheduled to start in March, 1984, Under this program, owners wWill be

required to have their vehicles inspected every other year at established



emission test stations. Such requirement for regular, mandatory inspection
will be considered inconvenient and annoying by many motorists. Therefore,
it may be suggested that a waiver for the I/M program be offered to

vehicle owners as an incentive to participate in the VSP program. The
feeling of inconvenilence avoided might prove to be a substantial stimulus
to owners in various categories to make their vehicles available for

testing.

5.6 SUMMARY

In this chapter we have reviewed the objectives of this project in
relation to ARB's stated information needs. The sampling system described
by ARB does not correspond to a "random" or "proportional® sampling design,
but rather to a "stratified" sampling system. In such a system, the
procurement contractor is given a iist of types of vehicles with numbers of
each type to be procured, and is instructed to sample randomly within each

type until its quota is reached.

Although there are substantial elements of randomicity involved in
this procedure, there are two main impediments to the achievement of true
random sampling, even within the strata defined by the quotas. These arise
from (1) the exclusion of certain vehicles by ARB policy; (2) the
unwillingness of most vehicle owners to make their vehicles available for
testing. An unknown amount of bias in the assessment of emission factors
arises from each of these causes, but the second cause appears the most

important, in view of low vehicle capture rates (5 to 10 percent) .

In relation to conventional accuracy criteria (95 percent confidence
limits at + 10 percent about an estimated mean), it is seen that such
accuracy wlll be very difficult to achieve, gauged by distributions of
emission factors for HC and CO as observed in LDVSP 5. Further
difficulties are imposed by the use of a linear regression approach to
represent the relation of emissions to miles driven and by the application
of uncertain activity factors (VMI) in the ultimate calculation of areawide

emissions.

Theoretical options for the modification of sampling design include:
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1e continuous random sampling
2. quota sampling similar to present practice

3. incremental quota sampling based on needs for supplementing the
accumulated data base

L, intensive sampling of population segments where special
information is required.

These options are not at the disposal of the proéurement contractor, but
should be considered by ARB in designing solicitations for the procurement

contract.

Study of the data from LDVSP 5 indicates that the procurement
contractor is not in a position to reduce known sources of bias to any
major extent, since it appears that differences in emissions as related to
geographic and socioeconomic factors are, at worst, minor. On the other
hand, potential bias due to the unavailability factor could be somewhat
reduced by improving capture rates, perhaps by increasing incentives to
owners; but this would be an expensive option. Furthermore, since this
bias cannot af present be estimated, any benefit from redﬁcing it must be

considered highly speculative.

Improvement of the adequacy of vehicle sampling appears'to depend much
more directly on the improvement of the plan than on possible improvements
in the technical procedures of the contractors. A quota sampling plan,
like that in use at present, may be the only practical option for the in-
use vehicle surveillance program, 1in view of existing constraints on
resources. But there are good prospects of improving the overall accuracy
of emission factors determined in the program, by directing due attention

to elements of statistical design when fdrmulating the sample quotas.

Most importantly, the annual sampling plan should be designed with
explicit reference to the status of the existing data base. The accuracy
(i.e., the standard deviation) associated with each of the recognized
éubpopulations in the data base should be determined, and the annual
" incremental quotas should be calculated to place the greatest emphasis on
those subpopulations which contribute most to emission totals and those

which are least adequately characterized by the existing data. Since both
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the emissions and the standard deviatiocns are especially large for older
vehicles, there may be a need for further emphasis on sampling of such

vehicles.

Even though the exploratory statistical review performed as part of
this study provides no firm evidence that geographical location is a
potential source of bias in the VSP data base, reasonable geographical
dispersion should be maintained at least until that potential can be more
fully evaluated. Socioeconomic status is another factor which has been
viewed as a potentlal source of bias; again, no evidence of bias has been
seen, but reasonable dispersion of samples (consistent with costs of
implementation) is desirable. For both factors, statistical review should
he performed annually to evaluate upper bounds on the magnitude of these

effects,
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26 1980 and 1981 Nissan Cars - LDVSP 6 (Project 2S81C1).

State of California, Air Resources Board, June 22, 1982.

1982e

MS 82-08, Test Report of the Light-Duty Vehicle Surveillance Program,
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State of California, Air Resources Board, July, 1982.
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Mail Out No. 82-17. To: All Light-, Medium-, and Heavy-Duty Engine
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1975-76 cars (SAE 800395).

CARLSON, 1977

EPA-460/3-77-004, Study of Emissions From 1966 Through 1976 Model
Year Light-Duty Vehicles in Los Angeles, St. Louis, and Washington,
D.C.

Richard Carlson, Olson Laboratories, Inc., August 1977.

(Prepared for EPA, Contract No. 68-03-2379).
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1981. (U.S. Environmental Protection Agency) .

EPA 1982
Memorandum, J.F. Powers, Jr., to Division Directors. Subject: In-Use
Vehicle Sampling Methodology. )
U.S. Environmental Protection Agency, office of Air, Noise, and
Radiation (Ann Arbor, Michigan), November 10, 1982.
ERM 1983a
Private communication. Protocol of Instructions in Soliciting
Candidates for Vehicle Procurement (ARB Surveillance Testing)-
Attachments.
Environmental Resources Management, January 21, 1983.
ERM 1983b
Private communication. Computerized Vehicle Selection Procedure, J.
Stormes.
1983.

Fnvironmental Resources Management, February 2,

HORIE, 1981

Y. Horie and d. Cassmassi, "A Study of Driving and Storage Patterns of

Non-Primary Private Vehicles in the South Coast Air Basin.™
ntal Services, Inc. Prepared for California Air

Pacific Environme
Resources Board, Contract A0-073-31, August 1981.

OLI 1975 '
Plan of Performance, FY 1975 LDV and LDT Emission Measurement Program
d Los Angeles, CA. (Excerpts).

at Washington, D.C.;
Olson Laboratories, t 68-03-2379).

st. Louis, MOj; an
Tne. (Submitted to EPA3 Contrac

6-4



OLI 1977a
Final Report, The California Consumer-Owned Catalyst-Equipped Emission

Study (EPA Contract No. 68-02-2232). Excerpts.
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APPENDIX A. SUGGESTED APPROACHES FOR OPTIMIZING VSP SAMPLING QUOTAS
It is beyond the scope of this report to pursue in detail the
algorithms and mathematical approaches which could be applied to optimizing
stratum quotas so as to minimize the standard error of estimation of total
annual emissions or of population average emission rates. A few important

principles will be mentioned here, however.

First, we observe that the importance of obtaining an accurate
estimate of emissions for any stratum (subpopulation) of vehicles from the
general vehicle population is in proportion to the amount of emissions
contributed by that stratun. That is, a given relative error in
determining the emission factor for a group would have a greater effect on
the error for the total population if that group contributed, say, half the
total emissions than if it contributed only one tenth. Consequently, the

quota for each group should be adjusted for this effect.

Second, the number of vehicles needed in a sample for accurate
determination of the emission factor for a particular stratum depends on
the standard deviation within that stratum. Quotas could be adjusted for
this effect by requiring a greater total sample for strata which have

larger standard deviation.

According to ARB's motor vehicle emissions manual (ARB 1980a), the
fractional contribution of given-age vehicles to the total vehicle
population or to the total VMT in a typical calendar year is distributed
non-monotonically, as shown in Table A-1. The greatest fractional
contribution to both the vehicle population and the total VYMT is made by
two-year-old cars instead of one-year-old cars. (These results are derived

from vehicle populations in years from 1968 through 1975).

For a more recent year, a vehicle use survey conducted in the SCAB
(Horie and Cassmassi 1981) indicates that the greatest fractional
contribution to the vehicle population is made by four-year-old vehicles in
all LDVs and by three-year-old vehicles in primary LDVs, which are used
frequently (4 days per week or more) and are driven over long distance (7.5
miles each way or longer). This shift of the maximal contribution from the
2nd year to the 3rd or Uth year may have been caused by diminished auto

sales in recent years.



Table A-1.

AGE DISTRIBUTIONS OF MOTOR VEHICLES, VMT,
AND SAMPLE POPULATIONS BY MODEL YEAR

a b c Vehicles Vehicles
Light Duty Light Duty 411 Light Duty Primary Light Procured in Procured in
Passenger Cars Passenger Cars Passenger Cars Duty Vehicles LDVSP § LDVSP 6
Vehicle (Statewlide (Statewide (Sample (Sample (Sample (Sample

Age Population) VMT) Papulation) Population) Population) Population)

1 . 0647 Noll 3 082 052 .201 .225

2 .0986 L1357 .079 117 +159 .188

3 .0970 .1246 .098 .128 .130 . 154

4 .oous .1136 . 108 . 109 127 .138

5 .0920 .1030 .078 074 12 L1113

6 L0875 .0907 .064 .068 .086 .092

7 .0820 .0775 .0l .oul 0l .092

8 L0745 .0642 .076 .069 .053 0

9 .0665 .0518 .065 .055 .050 0

10 .0565 .0394 .073 .060 .041 0
>10 .1922 .1051 275 .224 0 0
8nased on 1968~1975 National Vehicle Registration Service data for California
bpaged on the same NVRS data and annual mileage accumulation rate taken from EPA document, Mobile Source
Emission factor
Crased on 1981 survey of 1335 randonly selected vehicles in the SCAB
dpaged on 1981 survey of 635 randomly se

lected primary vehicles in the SCAB



Table A-1 alsc presents the age distributions of motor vehicles
procured in LDVSP 5 (ARB 1982e) and 6 (ARB 19811). Unlike the nonmonotonic
distributions described above, the age distributions of vehicles procured
in the two surveillance programs are a monotonically decreasing function of
vehicle age. Furthermore, the fraction of latest model year vehicles in
the total sample population is 0.201 in LDVSP 5 and 0.225 in LDVSP 6.

These values are more than twice as large as the fraction of l1-year-old
cars in all the four age distributions of vehicle population and VMT 1listed

in Table A-1.

The above discussion indicates that the currently used allocation
scheme for the in-use surveillance program does not agree either with the
age distribution or the VMT distribution of the vehicle population.
However, it 1is interesting that the age distribution of vehicles in LDVSP 5
approximates the distribution of VMT by age of light duty passenger cars*
(Table A-1, column 3), except for the two latest model years and for

vehicles over 10 years old.

However, even if quotas were made roughly proportional to VMT for the
various model years, this would not necessarily be the best sampling scheme
for minimizing error elther in overall average emission rates per vehicle

or in estimated on-the-road emissions based on the VSP data base.

To illustrate how these principles can be applied in setting quotas,
we consider again the data from LDVSP 5. Suppcose that a total of 340
vehicles were to be procured and that each of the 10 model years from 1971
to 1980 were to be taken as an independent stratum. Taking the prior
estimates of the activity (VMT) by model year from Table A-1, activity-
based quotas are obtained by normalizing; i, Qf = 340 Ai/ZA, where Q

stands for quota, A for activity and i for model year. Results of this

*It appears that MSCD may have intended to specify quotas roughly
proportional to VMT, at least for the earlier model years of each VSP.
Thus, in ARB 1980b, "Vehicle Selection Methodology" 1is described as
follows: "To obtain a sample of vehicles representative of the California
state vehicle population, statistical blocks of vehicle types were chosen
for each model year. The sample within each block was chosen to represent
the actual population by vehicle manufacturer, model, and engine size.
More statistical blocks were chosen for later model years (1974~1977),
since these vehicles travel more miles per year than older vehicles.”



ecalculation are shown in Table A-2, (Column 43,

Where prior estimates of emission factors for these model years are
available, these can also be factored in; i.e., Qi = 340 AiEi/ZAiEi
where E stahds for emission factor. Taking as an example the mean CO
emission factors as found for various model years in LDVSP 5, emission-
based sample quotas for successive model years are also shown in Table A-2.
Thus, taking into aceount the probable emissions as well as the activities
for each model year, 1t appears that quotas for the earlier model years
would be two to three times as large as for the later. This is a complete

reversal of the relation initially postulated.

The situation is similarly altered when the effect of standard
deviation of vehicle emissions is incorporated. An adjustment for this
effect, proposed by Snedecor % Cochran (1980), may be based on direct
proportionality to the standard deviation. This gives quotas Qi = 340
A;S5/TA$84 (normalized to the total of 340). As a rough approximation,
sample standard deviations as shown in LDVSP 5 were about 27 for model
years 1971 to 1973, 20 for 1974 to 1977, and 12 for 1978 to 1980. Use of
these more aggregated estimates for
standard deviation would improve the sequence of quotas shown in Table A-2

by smoothing it.

Even the adjustment for standard deviation (discussed in the previous
paragraph) is insufficient to optimize the set of quotas in relation to the
contributions of the strata to on-the-road emissions. The standard-
deviation adjustment is designed to optimize quotas for estimating the true
population mean, which, in the data base under discussion, would be an
average of emissions per mile over all vehicles in the defined population.
However, the contribution of any stratum to on-the-road emissions is not in
simple proportion to the number of vehicles in that stratum, nor even in
proportion to the activity of those vehicles; in fact, it also involves the

typical emission factor for the stratum.

PES has not developed an algorithm or formula for optimizing stratum
quotas in view of the rather large differences in emission factors found
for vehicles of different model years (shown in Section 3.3.4). However,

it appears likely that such optimization would require an even greater



Table A-2. QUOTA ADJUSTMENTS TLLUSTRATED

Model Year 1971 1972 1973 1974 1975 1976 1977 1978 1979 13880
ARE Quota® 19 19 19 20 30 35 40 4l 51 60

Activity FractionP 039 .052 .064 .078 .091 .103 114 .125 .136 .094

Activity Quota® 15 20 25 29 34 39 43 47 52 36

' d
Emission Factor (CO) 48.1 50.1 67.9 38.2 23.1 20.6 14.9 10.6 9.8 8.5
Fmission Fraction® 089 .123 .205 .1&1 .099 .100 .080 .062 .062 .037
Emission Quotal 30 42 70 48 34 3% 27 21 21 13

Standard Deviation® 27.4 25.5 62.0 15.5 20.3 24.5 16.4 10.4 12.3 13.3
Aotivity x S.08  1.07 1.33 3.97. 1.21 1.85 2.52 1.87 1.30 1.67 1.25
(Act.xS.D.)Fraction* .059 .074 .220 .067 .103 .140  .104 .072 .093 .069
(Act.xS.D.) Quota’ 20 25 T4 23 35 u8 35 24 32 24

a:

ARB quotas for LDVSP 5 are shown, with a total of 337 vehicles.

Numbers of vehicles actually procured differed from the quotas, which represented
procurement goals.
Alternative quotas suggested herein are adjusted to a total of 340 vehicles.

b:

From Table A-1, for light-duty passenger cars, statewide.

. Obtained by partitioning 340 by activity fraction given above.
. From results of LDVSP 5, calculated by PES.

: Obtained by multiplying emission factor by activity fraction, then normalizing

the product to a total of 1.00.

: Obtained by partitioning 340 by the emission fraction.

. From results of LDVSP 5, calculated by PES.

. Product of activity fraction by standard deviation.

: Obtained by normalizing previous product to a total of 1.00.

. Obtained by partitioning 340 by the fraction in previous line.



emphasis on sampling the older model years than is suggested by the

standard-deviation adjustment alone.

In connection with these suggestions, it should be noted that the
total of emissions measured over the entire sample cannot be an unbiased
estimator of on-the-road emissions of the sampled population unless
activity-based quotas are used. If any other quota system is used, the
emissions of each model year sample must be weighted by the ratio of the
activity-based quota to the quota used, before totaling for an estimate of
population emissions. Despite this slight increase in the complexity of
the calculations, however, it appears that some of these alternate quota
systems could yield real improvements in accuracy for estimating on-the-

road emissions based on the MSCD data base.



GLOSSARY
ACE
Automotive Control Engineering

Activity Factor
{See "use factor™)

AEST
Automotive Environmental Systems, Inc.

Analysis of variance
A statistical technique for determining the relation of variations
within a body of data to suggested underlying factors

ARB
State of California, Air Resources Board

Bias '
Systematic error in estimates, due to factors known or unknown to an
investigator

BMDPTD

A statistical computer routine, titled "Description of Groups with
Histograms and Analysis of Variance," part of the BMD statistical

package (ref.)

(W.J. Dixon, M.B. Brown, mRiomedical Computer Programs P-Series”,

University of California Press, Los Angeles, 1979.)

Candidate vehicle
A vehicle listed, prior to agency acceptance or prior to owner
contact, for possible procurement by a contractor

CBD

Central business district
CEF

Composite emission factor
CID

Cubic inches displacement, a measure of engine size

Cluster sampling
Gathering items for a sample within selected small regions from a
large population

co
Carbon monoxide emissions



Compliance testing
Measurement of vehicle emissions by EPA under its compliance testing

program

Composite emission factor
An estimate of emissions per VMT for a composite vehicle population,
based on appropriate weighting of emission factors of individual types
of vehicles

Computerized vehicle profile
A randomization system devised by ERM

Confidence interval
The end-points of an interval having a specified probability of
covering a selected estimate. E.g., a 95% confidence interval about a
calculated mean, X may be expressed as X # I, which means that the
ntrueM value of the mean in 95 cases out of 100 will be between X + I
and X-I

Correlation coefficient
A measure of the degree of association between two measured
characteristics of individuals (e.z. vehicles) in a population. A
correlation coefficient near 1.0 indicates very close association

CVs
Constant-volume sampling procedure (ARB Laboratory)

Deterioration factor
In the context of this report, a factor determined by regression
analysis indicating the average rate of inecrease of an emission factor
per mile of accumulated vehicle travel (VMT)

DOL
U.S. Department of Labor

Emission factor
A value in grams per mile, measured in the surveillance program,
characterizing the average rate of emission of a particular pollutant
from a particular type of vehicle

Emission inventory
A compilation of estimated total rates of emissions of pollutants
within a defined area, such as SCAB

Emissions
Tn the context of this report, primarily hydrocarbon (HC), carbon
monoxide (CO), and oxides of nitrogen (NOx)



Emission standards
Limits for emissions from motor vehicles as specified pursuant to law
by ARB and EPA

EPA
U.S. Environmental Protection Agency

ERM
Environmental Resource Management

Evaporative emissions
Emissions of hydrocarbon vapors due to evaporation from fuel tank,
crankcase, carburetor, and other unsealed escape points

Fleet composition
The detailed composition of the sample of vehicles procured for a
surveillance program, in terms of numbers by vehicle class, model
year, manufacturer, engine displacement and, occasionally, other
vehicle parameters

FTP
Federal test procedure
HC
Hydrocarbon emissions
I/M .
Vehicle inspection and maintenance
Incentive

Monetary or other inducements offered to vehicle owners to encourage
participation in a testing program

Index of determination
The square of the correlation coefficient, g.v. When expressed in
terms of percent, it is equivalent to "percent of variance explained"

(pve)

In-use vehicle surveillance program
An ARB program in which emissions from consumer-owned vehicles are
measured

ISR
Tnstitute of Social Research, University of Maryland

LDV
Light-duty vehicle



LDVSP
Light-duty Vehicle Surveillance Program

Linear equation
Any equation of the form
y = a + bx,
where x and y are variables
and a and b are coefficients

Matrix
A tabular arrangement of sample quotas specified by various
characteristics of desired vehicles

Medium—duby Vehiecle Surveillance Program
Mobile Source Control Division, State of California, Air Resources

Board

MVIP
California Motor Vehicle Inspection Program

Normalize

Given a 1iist of numbers, to compute a second list proportional to the
first but having a different, preselected, sum

Emissions of oxides of nitrogen

QLI

Olson Laboratories, Inc.
PES

Pacific Environmental Services, Inc.
Polk

R.L. Polk Company

Probability level
In statistical testing, the chance that a particular statistical
result might have arisen solely because of random sampling
fluctuations. A comparison is usually said to be significant if its
probability level is 5 percent or less

Quota
A number of items specified to represent a subpopulation; i.e., a
specified subsample size



Randomization _
Any system for sampling items from a list in such a manner that
systematic error is avoided

Random sample
A sample selected from a specified population by a procedure wherein
choices are dictated by chance

Random selection
A sampling method in which items are chosen by chance; also called
"probability sampling®

Recall programs
ARB and EPA programs for testing emissions of motor vehicles, oriented
toward the possibility of requiring manufacturers to recall and repair
or improve vehicles with unsatisfactory emission control performance

Regression analysis (linear)
A statistical procedure for fitting the best straight-line relation to
a set of bivariate data

RSA
Regicnal Statistical Area (as defined by SCAG)

Sample
TIn the context of this report, usually a set of motor vehicles procured

for emissions testing

Sample selection
The process of choosing vehicles to be tested in a vehicle
surveillance or compliance program

SCAB
South Coast Air Basin

SCAG
Southern California Association of Governments

SCI
System Control, Inc.

SES
Socioeconomic status

Solicitation
A request by ARB or EPA for proposals by prospective contractors

SSCD
Stationary Source Control Division (California Air Resources Board)



SSU
Secondary sampling unit

Statistically valid
Conforming to conventional criteria for significance in statistical
tests; for example, less than a 5 percent chance of incorrectly
identifying an effect

Stratification
Definition of strata in stratified sampling

Stratified sampling
Specification of a sample as a set of mutually exclusive subsamples

Stratum (pl.,strata)
In the context of this report, any vehicle subpopulation utilized in
stratified sampling, or for which a sampling quota 1is specified

Surveillance program
Any program in which emissions from motor vehicles are measured

Use factor
Any measure of the extent of use of vehicles in a given time; for
example, annual or daily VMT

Vehicle miles travelled; a measure of vehicular activity used in
estimating mobile source emissions

V3P
In-use Vehicle Surveillance Program (ARB)



