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Abstract

At the beginning of the 1980's, there was a gap in quality be-
tween cars made by the U.S. “Big Three” and those made by the
Japanese. Since then, the Big Three have adopted Japanese pro-
duction techniques, parts procurement practices, and labor relations,
dramatically improving the quality of their automobiles. During the
period, the Japanese manufacturers kept their automobiles more ex-

pensive than the comparable models made by the Big Three to slow
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their sales, thereby blunting trade frictions, and preventing possible
dumping complaints by the Big Three. Yet the Big Three seem to be
losing overall U.S, market share, dipping to 68.3% in 1999 after fluctu-
ating between 70-74% for the preceding two decades, while that of the
Japanese automobiles increased from 19.8% in 1985 to 24.0% in 1999.
To find an economic rationale underlying this trend, we formulated a
hypothesis that U.S. consumers' automobile purchase decisions were
influenced not by the initial purchasing prices, but by the totﬁl cost
of ownership (TCO). We first proposed and illustrated a method to
convert the automobiles’ reliability scores in Consumer Reports into
monetary maintenance and repair expenditure. We then calculated
those expenditures, and incorporated them into the TCO calculation
for the twenty-six most popular 1996-model-year vehicles. The pro-
posed statistical model takes care of the bias introduced by partially
missing reliability data. We found that the market shares of vehi-
cles generally reflected their TCO differential when U.S. consumers
chose from U.S automobiles. In medium passenger car market where
the Japanese had already been offering credible alternatives by 1996,
however, U.S automobiles seem to have been given “buy American”

TCO premium of about $2,000.

1 Introduction

At the beginning of the 1980’s, there was a gap in quality between cars
made by the U.S. “Big Three” and those made by the Japanese. Since then,
the Big Three have adopted Jlaj)anese production techniques, parts procure-
ment practices, and labor relations, dramatically improving the quality of

their automobiles. During the period, the Japanese manufacturers kept their



automobiles more expensive than the comparable models made by the Big
Three to slow their sales, thereby blunting trade frictions, and preventing
‘possible dumping complaints by the Big Three as we see in our review of
the U.S. automobile market in section 2. Yet the Big Three seem to be
losing overall U.S, ma.rket share, dipping to 68.3% in 1999 after fluctuating
between 70-74% for the preceding two decades, while that of the Japanese
automobiles increased to 24.0% in 1999 from 19,8% in 1985. See Figure 1.

Figure 1: Transition of market shares for passenger cars and light trucks

combined in the 1'L01nited States.
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We know that reliable automobiles are less expensive to maintain and
repair, They may even be able to command higher resale prices. Nichols
and Fournier (1999), after having examined how reputation for quality affect

pricing in the U.S. used-car markets, concluded that “adverse reputation



has reduced the prices of U.S. automobiles through 1990.” The question
is then: did the long-term savings from reliable automobiles warrant U.S.
consumers’ opting for them even with their higher initial prices? Were U.S.
consumers’ automobile purchase decisions influenced not by the initial price,
but by the total cost of owneréhip (TCO)—the initial price, the fuel cost,
the maintenance and repair expenditure minus the resale price? We wrote
this paper to investigate the validity of the hypothesis.

To answer the question concretely, we estimated the vehicle-specific TCOs
in U.S. dollars for twenty-six popular 1996-model-year vehicles! in their first
eight years® of ownership. They were selected from the thirty bestselling pas-
senger cars and the twenty bestselling minivans, SUVs, and pickup trucks® in
the United States during 1992-1999¢ and were consistently on the bestselling
list throughout the period.® Since these popular fifty vehicles and their sib-
lings covered 73.1% of all the vehicles sold in 1996 and covered all market
segments——passenger car, minivan, SUV, and pickup truck—important to av-
erage consumers, we believe the choice is representative, We then discussed
the relationship between the estimated TCO and the market share of these
vehicles.

The initial price, fuel cost, and resale price components of TCO were

immediately available from standard industry references ( Ward’s Automo-

LThe 1996 model year vehicles were gelected not only because they were new enough
to make the conclusions of this paper relevant, but because they were old enough to have

their reliabilities well documented.
*The rounded median age of the vehicles on the road in the United States.
8Minivans, SUVs, and pickup trucks were classified as light trucks—trucks weigh less

than 14,000 1b..
4The detailed sales figures were available to-us up to and including 1999,
*We included Ford Windstar minivans though they were introduced in 1994 because

we needed a vehicle against which the TCO of Dodge Grand Caravans could be compared.
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tive Yearbook, Consumer Reports, and Edmund.com), and were adjusted for
inflation, Maintenance and repair expenditure by model and year were not
directly available, so we used predicted maintenance and repair expenditures
based on reliability and problem rate statistics from Consumer Reports, the
number of vehicles on the road from Ward’s Motor Vehicle Facts and Figures
and maintenance and repair cost figures from Mitchell Mechanical Parts &
Labor Estimating Guide, calibrated to give their average corresponding to
actual eicpenditures reported in the Consumer Ezpenditure Survey.

This paper is organized as follows. We review the outlook of the U.S. au-
tomobile market and the narrowing quality gap between U.S. and Japanese
automobiles during 1985-1999 in section 2. The methods for estimating the
statistical model, and for converting the information derived from the model
into the maintenance and repair expenditures are described in section 3, In
section 4, we present the results and discussion on the TCO vs the mar-
~ ket share follows in section 5. Appendix A explains how we estimated the
statistical model. Appendix B describes in detail how we calculated the

vehicle-specific ratio for maintenance and repair expenditure.

2 The U.S. Automobile Market 1985-1999

The outlook for the U.S. automobile market changed entirely during the
1985-1999 period: the share of light trucks increased from 28.8% in 1985 to
48.4% in 1999. If you look closely you will find that the share of SUVs and
minivans respectively surged to 19.1% and 10.4% from 5.0% and 6.5%, while
that of pickup trucks rose slowly to 18.9% from 17.3% during the period.
These changing consumer preferences for automobiles require us to examine

closely all four market segments,



Passenger Cars

In Figure 2, we computed the average of the lowest sticker prices quoted in
the Consumer Reports for small (subcompact), compaet, and medium cars
weighted by the number of units sold (we call this the lowest average sticker

price).® We found from the figure that the average price of passenger cars

Figure 2. The lowest average sticker price and market share of passenger

cars,
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with Japanese nameplates had consistently been higher than that of the
8This index calculation included both the U.S. manufactured and imported passenger

cars. Manufacturers typically make similar versions, or trim lines, of the same model,

differing mainly in standard equipment and distinctive options, We chose the lowest
sticker price because the U.S, and Japanese models with basic trim lines tended to be
more comparable in standard equipment and options. We did not include the automobiles
categorized as “large cars” and “luxury cars” because Japanese manufacturers have rarely

produced “large cars” and they introduced luxury models only in the late 1980s.
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similarly equipped cars made by the Big Three since 1986, one year after
the Plaza accord. An article titled “Japanese Raising Prices to Head off
Trouble,” Automotive Nevx;s, February 24, 1992, clearly explained Japanese
manufacturers’ intentions in that they kept the price of their passenger cars
high to slow their sales, thereby blunting trade frictions, and preventing
possible dumping complaints by the U.S, car manufacturers. Yet the market
share of passenger cars with Japanese nameplates increased from 13.6% in
1984 to 20.1% in 1991 mainly at the expense of the U.S. manufacturers (from
53.7% in 1984 to 42.6% in 1991) as shown in Figure 2.

Although Japanese manufacturers had sucgessfully moved production of
cars wit_h volume sales to the United States by 1993,” they maintained the
pricing policy. Their market share slowly declined to 15.7% in 1999 from
19.2% in 1992 due to the changing consumer preferences to light trucks,
during which the share of U.S. passenger cars shrunk by almost one-third
to 28.9% in 1999 from 41.2% in 1992. In short, the fraction of consumers
in this segment who purchased Japanese nameplates rose even though they

were more expensive than comparable U.S, models for the 1985-1999 period.

Minivans

Since 1987 the lowest average sticker price of Japanese minivans have been
higher than that of U.S. minivans as in Figure 3. The pricing policy for
Japanese minivans may be explained similarly to pricing of Japanese passén-
ger cars. However the Japanese minivans were 19.0% ($3,454) more expensive

than the U.S. minivans by 1995, while the Japanese passenger cars were only

"The sales of Japanese passenger cars made in North America increased from 12.4% in
1986 to 51.0% of total Japanese passenger cars in 1993. This number stood at 70.5% in
1999, ’



Figure 3: The lowest average sticker price and market share of minivans.
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6.1% ($856) more expensive than the U.S. passenger cars. This much larger
price differential resulted because the Japanese manufacturers had only a few
models, and until 1992 all of them had to be imported from Japan. In addi-
tion, the Japanese manufacturers raised their minivan prices after the lawsuit
was filed by the Big Three in 1991, accusing some of them for exporting their
minivans to the U.S. below cost. As shown in Figure 3, the share of Japanese
minivans in the overall automobile market only slightly increased from 0.1%
in 1983 to 0.8% in 1995, while U.S, manufactures rapidly expanded their
minivans’ share from 4.3% to 10.4% during the same period. Since 1997 two
Japanese automakers—Toyota and Honda—have been producing minivans in

North America.® For minivans imported from Japan, the weakening of the

8Toyota Motor Manufacturing, U.S.A. began producing the “Sienna” in 1997 in Ken-
tucky. This model was designed specifically for the North American market. Honda of
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Japanese yen relative to the U.S. dollar—from about 85 yen to the dollar in
mid-1995 to about 110 yen in mid-1996——enabled the Japanese manufactur-
ers to keep the price of their minivans at the level of 1996, and accordingly
the Japanese minivan price differential over those made by the Big Three
shrunk from $3,924 in 1996 to $1,990 in 1999. In the meantime, the share of
Japanese minivans increased to 1.4% by 1999 while that of U.S. manufactur-
ers decreased to 9.0%. In short, Japanese manufacturers’ effort in the U.S.
minivan market in the latter half of 1990s has made this market, which was

dominated earlier by the Big Three, more competitive.

SUVs

Japanese SUVs were on the average 3549 cheaper than the U.S. SUVs in 1984,
The price of SUVs with Japanese nameplates, almost all were imported from
Japan, increased rapidly since 1986 due to the appreciation of the Japanese
yen. The U.S. government began imposing 25% tariff on imported cargo-
carrying SUVs in 1989,° and the price increase further accelerated. By 1991
Japanese SUVs were more expensivé than U.S. SUVs. See Figure 4. In
1996 Japanese manufacturers began importing car-based SUVs introduced
two years earlier in the Japanese market, Those car-based smaller SUVs
were broadly accepted in the U.S. market for their comfortable ride and of
lower prices relative to the mainstream truck-based SUVs. Unlike passenger
cars and minivans, the number of SUVs imported from Japan increased to -
660,245 units in 1999 from 128,206 units in 1992 and SUVs with Japanese

nameplates made in North America increased relatively slowly to 151,021

America began producing the “Odyssey”" in Ontario, Canada in 1998 and in Alabama in

2001,
#The U.S. government also imposed & 2.5% tariff on imported passenger cars.
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Figure 4: The lowest average sticker price and market share of SUVs,
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units in 1999 from 59,912 units in 1992. The Big Three, on the other hand,
took different path and introduced bigger, more expensive, and thus more
profitable models, They also recorded big sales during the same period.
For example, sales of U.S. SUVs increased dramatically to 2,278,956 units
in 1999 from 940,790 units in 1992. As a result, both U.S. and Japanese
manufacturers increased SUVs’ share to 13.5% and 4.8% in 1999 respectively
from 4.6% and 0.4% in 1985 as shown in Figure 4. The lowest average sticker
price of U.S. SUVs have been higher than that of Japanese SUVs over the
past five years as seen in Figure 4 because the Big Three concentrated on

bigger and more expensive models.

Pickup Trucks
Figure 5 shows the lowest average sticker price of pickﬁp trucks. It shows that
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Figure 6: The lowest average sticker price and market share of pickup trucks.
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Japanese pickup trucks have consistently been about $2,000 less expensive
than U.S. ones. This was because J apanese manufacturers produced mainly
compact pickup trucks and the price differential reflects the difference in the
target market. The share of pickup trucks by U.S. manufacturers expanded
from 13.0% in 1985 to 17.0% in 1999, while the share of Japanese pickup
trucks have gradually decreased from 5.0% to 2.5% as shown in Figure § as
the U.S. consumer preference for pickup trucks shifted'towa,rd larger ones.
Although Toyota introduced a full-sized pickup truck—the Tundra—in 1999
and the model has sold well, pickup trucks have remained one of the strongest

and the most profitable segments for the Big Three.
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The Quality Gap between The Big Three and J apanese

Automobiles

In the last two decades, U.S. automobile manufacturers have made noticeable
quality improvements. According to Kwoka (1998), “internal studies by the
companies and some outside reports were showing that Japanese models had
only 205 (iefects per hundred cars, whereas U.S. cars had 700 to 800 such
defects” in 1980. However he noted that “GM recorded 740 defects per 100
cars assembled, it had only 162 in 1989. Ford’s defect rate fell from 670
to 143 and Chrysler’s from 810 to 178 respectively.” Japanese automobiles’
defect rates fell from 205 to 119 in the same period.

A similar trend occurs in complaints by consumers. Each year, Consumer
Reports ask its readers to report “serious problems” on sixteen trouble spots
on cars going back for eight years. A “serious problem” is one that requires
a costly repair, puts the car out of commission for a time, or causes vehicle
failure or a safety problem (April 1995 Consumer Reports). Then the data
are compiled and analyzed by Consumer Reports’ statisticians. The average
number of problems its subscribers experienced with their cars in the preced-
ing 12 months dropped to 23 in 2000 from 105 problems per 100 new cars and
minivans in 1980 for U.S. manufacturers. For SUVs and pickup trucks, the
Big Three improved the numbers to 24 in 2000 from 114 problems in 1980.
For Japanese manufacturers, the problems for cars and minivans dropped to
11 from 34 and those for SUVs and pickup trucks improved to 12 from 41
{(April 2001 'O’onsumer Reports). The quality gap between the Big Three and
the Japanese manufacturers narrowed considerably since 1980.

Although the quality gap have subsﬁantially narrowed, some quality dif-
ferential between U.S. and Japanese-nameplate vehicles remained. In fact,

the same Consumer Reports noted that “despite that dramatic progress, new

12



U.S. cars in 2000 have only improved to about the level where new Japanese
cars were in 1985. And while a trouble rate of 23 problems‘ per 100 cars is

pretty good, it’s still twice as many as the average Japanese car.”

3 Methods

As mentioned, data for the other components of TCO is readily available,
but repair and maintenance expenditure must be estimated. Ideally we would

like data on maintenance and repair by year and model. What we have are:

1. Yearly data on average expenditure for automobile maintenance and

repair over all consumers from the Consumer Ezpenditure Survey;

2. Estimates of “typical” itemized maintenance and repair cost by model
for eight major mechanical systems for 1996-model-year vehicles com-
piled from Mitchell Mechanical Parts & Labor Estimating Guide 2002
part of which is listed in Table 1;

3. Design characteristics of 1996-model-year vehicles and their sales data
from Ward’s Automotive Yearbooks in 1996 and 1997;

4. The total number of up-to-eight-year-old vehicles of on the road in 1999
from Ward’s Motor Vehicle Facts and Figures in 2000 in Figure 7;

b. The likelihcods of problems in each of the eight major systems for 1996-
model-year vehicle between 1996-2001 from April 1997-2002 Consumer
Reports part of which is also listed in Table 1,

6. Annual (1996-2001) Classifications of 1996-model-year vehicles into five
(three in April 2000 issue and thereafter) reliability categories from
April 1997-2002 Consumer Reports;

13



Table 1: Subsytem and total repair costs for eight major mechanical systems

including labor and their reliabilities for 1996-model-year vehicles in 1999,

Major System Subsytem ' Ford Taurus Honda Accord ‘Toyota Camry
A/C Blower + Heater Core $461 $973 $551
Compressor $559 $504 $886
Total $1,020 $1,567 $1,437
Reliability 4 4 5
Cooling Water Pump $260 3408 $324
Radiator -+ Hose $671 $383 $558
Total 3031 $791 $882
Reliability 2 5 5
Electrical Window Motor $150 $182 $316
Wiper Motor $148 $265 $240
Total §298 $447 556
Reliability 2 4 4

Subsystems corresponding to Augst 2000 issue of Consumer Reports were listed.

7. Annual (1992-2001) estimates of the number of problems of 1992-2001-
model-year vehicles by reliability categories in April 1993-2002 Con-

sumer Reports. Table 2 is the estimates for 1996-model-year vehicle.

We will use these data to construct estimates of lifetime maintenance and
repair expenditure, The Consumer Ezpenditure Survey is based on a carefully
designed sample, the estimates of “typical” itemized maintenance and repaif
cost and design characteristics of 1996-model-year vehicles are engineering
data, and the total number of up-to-eight-year-old vehicles of on the road is

based on sales data, These may be presumed statistically reliable. However
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the samples on which reliability calculations are based are self-selected: they
are solicited by Consumer Reports. It seems possible that owners of unreliable
automobiles are overrepresented in the sample, leading to a sample selection
bias. This is aggravated by the fact that if there are too few responses for a
given model/model-year in some year, Consumer Reports reports a missing
value. We next turn to a careful description of the reliability data, and the

statistical methodology applied to reduce selection biases.

Predicted Reliability Score vs Reliability Summaries

There have been two automobile reliability scores published in Consumer Re-
ports, “predicted reliability score” and “reliability summaries.” The reliability
summaries are the weighted sum of the problem rates of all problem spots
year by year, car by car, Consumer Reports described that “the reliability
summaries show how each model compares with the overall average for that
model year” and “the scores in reliability summaries are on relative scale,
compared with the average for all models of the same year, from much worse
than average to much better than average” on a five-point scale (April 1998
Consumer Reports). The predicted reliability scores, on the other hand, are
the judgment based on the three most recent years of reliability summaries.
With their auto engineers’ knowledge of the current year’s models and the
reliability data for the past models, Consumer Reports claim that they have
been able to give reliability prediction for most current models.

Past experiences, however, showed that predicted reliability scores might
not be as accurate as the name implied. For example, out of 103, 163 and 150
of 1996-model-year vehicles surveyed in April 1998-2000 issues respectively,
46.6 %, 45.4 %, and 44,0 % of them registered reliability summaries that

were different from the reliability scores predicted in April 1997 issue. In
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_this study we chose reliability summaries as the measurement of reliability
for two reasons: first it reflected the actual response, not prediction, from
the readers in Annual Questionnaire; second the way it was computed—
relative to the average for all models of the same year, which can be easily

determined—enabled us to calculate vehicle-specific reliability summaries,

Nonignorable Missing Value Problem

As mentioned, there are two potential problems in Consumer Reports’ relia-
bility summaries: the number of responses from owners of automobiles with
few sales might be too limited to reliably evaluate these cars, making “insuf-
ficient data” entries to appear in their reliability summaries; comparatively
more owners might have responded to their surveys if they had been dissatis-
fied with the reliability of their own vehicles, either out of obligation to make
the information available to public, or simply to convey their frustration.
Especially the “non-ignorable” non-response problem of the latter—in sam-
ple survey terminology, a variable Y with unit nonresponse is categorized as
“non-ignorably missing” if some of the Y are missing because of the under-
lying values it takes—could make the responses from owners of unreliable
automobiles overrepresented in the sample and seriously distort the analysis.

See appendix A for how these problems were addressed.

Data for estimating the statistical models

Reliability summaries were the response variable for the multinomial cumu-
lative probability logistic regression model in equation (1) in Appendix A.
We used reliability summaries for 1996 model years published in April 1997-
2002 Consumer Reports, We assigned scores 5 to 1 to entries from much

- better than average to much worse than average in 1997 to 1999 issues. In
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April 2000 issue and thereafter, reliability summaries were recorded on a 3
point-scale—better than average, average, worse than average—and called
the “reliability verdict.”!® We assigned scores 3 to 1 to them. There were
84 (47.7%), 35 (19.9%), 47 (26.7%), 48 (27.3%), 53 (30.1%) and 83 (356.8%)
missing reliability summaries out of 176 models in 1996, 1997, 1998, 1999,
2000 and 2001 respectively. We coded them as “NA” and included them.,
The observed data indicator was the response variable for the binomial logis-
tic regression model in equation (3) in Appendix A. The models in (1) and
(3) were simultaneously estimated. |

Due to the quality of the parts, the nature of the design, or the produc-
tion technique, some models suffer problems at a rate far lower or higher than
what one might expect from sheer aging. Explanatory variables for model
(1) were: cars’ design characteristics—maximum horsepower, displacement
in liters, weight in pounds and length in inches; three dummy variables,
which we named “origin,” indicating country of origin—U.S., Japan, and
Europe!!-—of automobile manufacturers; nine “segment” category dummy
variables indicating whether a vehicle was small, medium, large, luxury,
sport/sporty, coupe, pickup truck, SUV and minivan; one dummy variable
indicating whether the model was completely redesigned or newly introduced

in 1996 by the Big Three (redesigned for short).!? These data were taken

10%e have strong reason to believe the five-point scale in 1997 to 1999 issues can be
converted to the three-point scale in 20002002 issues by merging two extreme categories
into one category. Thus the “much better than average” and “better than average” relia-
bility summaries in 1997-1999 Consumer Reports jointly corresponded to the *better than
average”" rellability verdict In 2000-2002 issues, So did the “much worse than average”
and “worse than average” reliability summaries in 1997-1999 issues to the “worse than

average” reliability verdict in 2000-2002 issues. See Table 4.
11n the 1996 model year, they were German and Swedish automobiles.
12This variable was introduced to capture the relatively large decline in reliability re-
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from Ward’s Automotive Yearbook in 1996. Design characteristics of an au-
tomobile were those of the mid-priced models. We assume sales volume and
reliability summary of each model could affect missingness of its reliabil-
ity summary, and used the sales figure and reliability score as explanatory

variables in model (3).

Converting the Predicted Reliability Summaries into

Maintenance and Repair Expenditure Figure

To estimate the maintenance and repair expenditures that are in line with
those in Consumer Ezpenditure Survey, we proceed as follows. In step 1,
we obtain the average maintenance and repair expenditure per problem for
all 1996-model-year vehicles. In step 2, we calculate the ezpected number of
problems & 1996~model-year vehicle was to encounter each year from 1996
to 2003; In step 3, we calculate a series of ratios of maintenance and re-
pair expenditure per problem for the particular vehicle relative to that for
the “average” 1996-model-year vehicle!? as they—both the particular vehicle
and the “average” vehicle—become older from 1996 to 2003; In step 4, we
multiply the three numbers in steps 1-3 to obtain the maintenance and repair
expenditure for the vehicle from 1996 to 2003. Steps 2-4 were conducted for
each of the thirty passenger cars and the twenty light trucks.

The method depends on availability in step 2 of annual estimates of the

number of problems of 1996-model-year vehicles as they age for each of the

ported by Consumer Reports of the automobiles made by the Big Three in the first yesr
of introduction or of complete redesign. We tried similar variables for automobileg made

by European and Japanese manufacturers, but they were insignificant,
13The “average” 1996-model-year vehicle is defined as the one whose maintenance and

repair expenditure per problem was average
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five (three in 1999 and thereafter) reliability categories. Their 1996-2001
estimates were from Consumer Reports. Their 2002 and 2003 estimates were
not yet available, but we could substitute those of 1995- and 1994-model-
year vehicles in April 2002 Consumer Reports. Thus the 1996-2003 estimates

were as shown in Table 2. The method also requires in step 3 engineering

Table 2: The annual estimates of the number of problems of 1996-model-
year vehicle when its reliability falls into one of the five (three in 1999 and

thereafter) categories.

Reliability Summary .
Year 1(1) 2(1} 3(2) 4(3) 5 (3)
1686 0,490 0.402 0,283 0.258 0.190
1807 0.778 0.840 3,503 0.382 0.258
1898 0,081 O0.850 G681 0519 0207

1008 1124 0.747 0.450
2000 1.225 0.880 0.503
2001 1.362 0.050 0.530
2002 1483 1,008 0.872
2003 1.558 C 1223 0.705

"data on vehicle-specific maintenance and repair costs. They were compiled
from Mitchell Mechanical Parts & Labor Estimating Guide and were partially
listed in ‘Table 1.

If the maintenance and repair expenditure of a vehicle depended only on
how often that vehicle broke down over the eight year period, steps 1 and 2
would suffice. Step 3 is necessary because the maintenance and repair costs -
vary with vehicles. For instance, we found that in general vehicles made
by the Big Three were more problem-prone but less expensive to fix than
those made by the Europeans and Ja.panese' because their parts were less
expensive, So the maintenance and repair expenditure for vehicles made by
the Big Three would be overestimated without step 3. We describe steps 1

to 3 in detail below.
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Step 1

What we needed was the longitudinal 1996~-model-year row sum in Figure 6(a)
corresponding to the 1996-2003 total maintenance and repair expenditure.

Dividing this total expenditure by the total number of problems in 1996-2003

Figure 6: Substituting the total maintenance and repair expenditures for the
up-to-eight-year-old vehicles on the road in 1999 to those for 1996-model-year
vehicles from 1996 to 2003.

(a) (b}
Calendar Year Calendar Year
192:93.94,95.96,97, 98.99-(_)9‘01 02,03 192.,93,94,95,96,97.98.99.00,01,02,03
93
93
94
e th dit
e expenditure
% we need
the expendifure calculated from
Consumer Expenditure Survey o
Bach cel] shows the total expenditure for the model Each arrowhead shows our substitution
year vehicles in the calendar year. on the expenditure,

for 1996~-model-year vehicles with én average reliability obtains the average'
maintenance and repair expenditure per problem over the eight years.
However', what we had in the expenditure for automobile maintenance and
repair in Consumer Expenditure Survey was cross-sectional, that is, it was
calculated annually over all households which had varying number of vehicles
of diverse models and ages. The column sum corresponding the calendar year
1999 in Figure 6(a) is the total maintenance and repair expenditure for the
vehicles up to eight year old in 1999. Dividing this column sum by the

number of up-to-eight-year-old vehicles on the road in 1999 and multiplying
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the resulting per vehicle expenditure figure by 1.93 vehicles per consumer unit
in 1999 roughly obtains $664 expenditure per consumer unit for automobile
mainienance and repair in 1999 Consumer Ezpenditure Survey. Here we
assumed that the expenditure for vehicles more-than-eight-year-old resembles
that for vehicles up-to-eight-year-old,

However, note first that the total number of problems 1996-model-year
vehicles were estimated to have encountered during 1896~1999 were close
to those of 1999-1996-model-year vehicles in 1999 as shown in Table 3.'5

Table 3; The total numbers of problems of 1996-model-year vehicles in 1996-
1999 were close to those of 1-4 year old vehicles in 1999,

Calendar Year

Mode! Year 98 27 a8 09
89 10,623,884
80 17,349,773 18,173,723
01 14,087,572 16,408,082 16,480,277
92 10,882,526 12,099,231 14,214,057 15,451,516
02 10,015,812 11,148,243 13,151,584 15,171,855
04 8,761,880 9,350,064 11,194,401 13,577,824
05 7024, 337 10,102,470 11,081,703 12,085,254
06 2,007,825 6,802,572 8,805,040 9,006,080
87 4,166,770 6,927,326 8,846,058
28 2,231,270 68,176,128
49 3,207,738

Note also that the expenditures for automobile maintenance and repair in

14 Although older vehicles tend to break down more often, this does not necessarily
translate into their higher maintenance and repair expenditures: owners of those vehicles
are more likely to postpone some repairs or defer some maintenance work, and if they

choose to have their vehicles repaired, they are more likely to opt for used or rebuilt parts,
15T obtain the total number—2,907,825—of problems 1996-model-year vehicles were

expected to have had in 1996, we multiplied the estimated number of problems—~0,283
in Table 2—of 1996-model-year vehicle with average reliability in 1996 by the number—
10,275,000 in Ward’s Motor Vehicle Facts and Figures in 2000—of 1996-model-year vehi-
cles on the road in 1996.
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Consumer Ezpenditure Survey were stable at $651 per consumer unit with
average number of 1.9 vehicles in 1992-1999, These two facts allowed us to
substitute, for instance, the total maintenance and repair expenditure for
one-year-old vehicles in 1999—cell in 1999 model year row and 1999 calendar
year column~—for the total maintenance and repair expenditure for 1996-
model-year vehicles in their first year—cell in 1996 model year row and 1996
calendar year column—as indicated in Figure 6(b).

To turn the total expenditure figure into a per problems one, we used
two numbers other than the $344 expenditure per vehicle (that is, $664 per
consumer unit with 1.93 vehicles in 1999 Consumer Ezpenditure Survey) for
automobile maintenance and repair: the total number—105,326,000—of up-

to-eight-year-old vehicles on the road in 1899 in Figure 7 from Ward’s Mo-

Figure 7: The total number of up-to-eight-year-old vehicles on the road in

1999 (in thousands) and their total maintenance and repair expenditure.
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Total 105326 '*3$344.0= $36232,144,000
Each cell shows the number of the model year vehicles
on the road in that year, :

tor Vehicle Facts and Fz'gures in 2000 to obtain the total maintenance and
repair expenditure of $36,232,144,000~$344x105,326,000; the numbers of
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problems—0.27 to 1.41—for 1992-1999 model year vehicles with average re-
liability in Figure 8 to obtain the total number—=85,214,000—of problems for

up-to-eight-year-old vehicles on the road in 1999. The average maintenance

Figure 8: The total number of problems for up-to-eight-year-old vehicles on
the road in 1999.
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and repair expenditure per problem for up-to-eighf—yea.r-old vehicles was thus
$425~:836,232,144,000/85,214,000. This will be used in step 4. Notice that
a mechanism was embedded here in step 1 to guarantee that our estimated
maintenance and fepair expenditure match the expenditure for automobile

maintenance and repair in Consumer Brzpenditure Survey.

Step 2

In step 2; we first used model (1) in Appendix A to predict five-category—
much better than average to much worse than average—reliability distri-
butions (three categories in 1999 and thereafter) of the thirty best—selling

passenger cars and the twenty best-selling light trucks each year from 1996
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to 2003. Since we could not estimate these probabilities for 2002 and-2003,'6
we used the average of 1996 to 2001 as a proxy for these two years. For
instance, 1996 Ford Taurus—the most popular passenger car in 1996-—was

estimated to have the reliability distribution in Table 4. From Tables 27

Table 4: Estimated reliability distribution for 1996 Ford Taurus.

Reliability Summaries
Year 1 (1) 2 (1) 3(2) 4 (3) 5 (3) Averngs  Consumer Reporis
1998 0113 0281 0421 0140  0.045 2,72 1

1997 0121 0207 0421 0317 0.043 2.68 1
1998 6638 03230 0115  0.012  0.005 1.52 2
1909 0.617 0.320 0.064 1.44 3
2000 0.528 0.389 0.083 1.55 2
2001 0.763 0.201 0.0368 127 2
2002-03 0.508 0,313 0,088 149 NA

and 4, 1996 Ford Taurus’ expected numbers of problems in 1996-2003 was
obtained as in Table 5.'® This process was repeated for all the fifty vehicles.

Table 5: 1996 Ford Taurus’ expected number of troubles.

Calendar Year
26 a7 28 99 00 o1 02 03
038 o055 081 098 108 1.24 1.27 138

18Reliability verdicts were not yet available and so statistical models could not be esti-

mated for these two years,
17Tn order to derive the total number of problems in 1999 in Figure 8, we used the

estimates of the number of problems—0.27 to 1.41—for one-to-eight-year-old vehicles in
1989 with average reliability. In Table 2, on the other hand, we listed the estimates of
the number of problems as 1996-model-year vehicles aged. Therefore the estimate of the
number of problems in average reliability entry in Table 2 did not have to coincide with
those in Figure 8 except that of 0,747 (rounded to 0.75 in the figure) for 1996-model-year

vehicle in 1999,
18For instance, 1996 Taurus’ expected number of problems was calculated in the year

1996 to be 0.113 X 0.490 + - +- + 0,045 x 0,190 = 0.33,
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Step 3

In step 3, we calculated yearly ratio of maintenance and repair expenditure
per problem for each vehicle relative to that for the 1996-model-year vehicle
whose maintenance and repair expenditure per problem was average from
1996 to 2003. Taking the best selling 1996 Ford Taurus as an example, we
explain how we proceeded.

Table 1 in an unabridged form gives how likely one is to face problems in
eight major mechanical systems—-air conditioner, cooling system, electrical
system, engine, fuel system, ignition éystem, suspension, and transmission—
and their itemized approximate repair costs for the fifty most popular 1996-
model-year vehicles. If we multiply the likelihoods and their associated costs
and add them up over the eight major mechanical systems to obtain yearly
maintenance and repair cost of a 1996-model-year Ford Taurus in 1999, the
resulting figure of $1,034 overshoot by far the actual maintenance and repair
expenditure because this calculation implies that this Ford Taurus requires
complete repair or replacement with new parts of the eight systems every
time one of those systems breaks down. If we conduct the same calcula-
tions for the fifty vehicles,'® the resulting estimated average figure of $1,216
far exceeds the actual maintenance and repair expenditure as reported in
Consumer Fzpenditure Survey. However we assume that the ratio of the
maintenance and repair cost per problem for the 1996 Ford Taurus relative
to the “average” 1996-model-year vehicle approximates the ratio of mainte-

nance and repair ezpenditure per problem for 1996 Ford Taurus relative to

19Fssentially we assume here that the joint distribution of the overall repair costs and
of the annual expected number of problems for the excluded vehicles is similar to that of
the included vehicles, As mentioned, these popular fifty vehicles and their siblings covered
73.1% of all the vehicles sold in 1996, and we believe the choice is reasonable.
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the vehicle with average realiability. The assumption implies that a vehicle
whose maintenance and repair expenditure would be high if it was repaired
completely or its parts was replaced by the new ones should cost owners pro-
portionally higher when it was repaired partially or its parts were replaced
with used or rebuilt ones. The assumption was needed because Consumer
Reports were asking for reliabilities on the major systems, but not on their
subsystems. Thus we could not estimate the average cost of breakdowns,
some of which require replacement of the whole major system, others which
require partial replacement and still others might require only minor adjst-
ments, For instance, the maintenance and repair expenditure ratios of 1996

Ford Taurus were shown in Table 6, Their details are in Appendix B.

Table 6: The maintenance and repair expenditure ratios of 1996 Ford Taurus

relative to the average of the fifty popular vehicles.

Calendar Year
98 o7 98 99 00 o1 [+ 03
Weight 003 079 070 085 088 088 1.0 1,25

4 Results

Reliability Model Estimation

The final models are listed in Table 7. Confirming conventional wisdom,
1996-model-year vehicles made by Japanese manufacturers had consistently
higher reliability summaries than those made by the U.3. or European man-
ufacturers in 1996-2001 at 99% level of significance.

Other covariates were significant in some years. The 1996-model-year Eu-

ropean {German and Swedish) vehicles were more reliable than U.S, vehicles
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Table 7: Estimated parameters of the multinomial logistic regression models.

Model (1) for reliability summaries

Variabls 1998 1097 1998 1009 2000 2001
0 —-4.88%"" —3.60%%" —3.86%"* —3.08%"* —2.87°** —1.02%
(~4.48) (-4.45) (-3.68) (-3.34) (-2.08) {-1.89)
62 —3.25%** 1,845 —~2.55™* -0.872 -0,581 0.194
(-3.19) (-2.57) {-2.50) {-0,17) {-0.53) (D.18)
83 -1.34 0,0464 0,418
(-1.37) (0.08) {-0.42)
84 0.240 1.48% 0.818
(0.24) (1.08) (0.80)
Displacement 0.608%*
(2.33)
Max. horsspower 0.00808" 0.00849* 0.0177°** 0.0140%"" 0.0156*"
(1.81) {1.76) (3.22) (2.68) (2.45)
Japan —3.36"*" —8. 374" —2,04%4* —2.80%** —3.74*** —4.48"""
(-5.25) (-7.00) {-6.22) (-8.57) (-6,15} (-8.34)
Burope ~1,30"* -0.76 -0,09 -1.07 -4
{-2.01) (-1.11) (-1.45) (-1.58) (-2.87)
Small 2,13%%* 0.87
(3.08) (1.35)
Lavge 0,94 ~1,33*%" —1,54*" —~2,00%**
' (-147) {~1.98) (-2.20) (+2.68)
Luxury -1.40 —2,00** -1.88 —2.50*
o {-L.26) (-2.54) (~1.50) (-1.89)
Coupe 4,277 2,577 2.55%%* 0.98 1.20
(3.48) (3.22) (3.01) (1.08) {1.28)
Sporty 1.89*** 1.98%* : 2.15
2.70) (2.42) (1.27)
Miniven 2677 1.o1**" 1.64** 0.79 0.83 1.48*
(3.15) (3.82) (2.83) (1.84) (1.38) (1.74)
suv 134" Lar**" 2,02%** 2,06*** : L.47**
(1.80) (2.75) (3,58) (2.97) (2.18)
Plckup truck 1,807 1,82 1,26 . -0,83
{2.70) (2,84) (2.05) (-1.18)
Readesignad 1,00 2,73%%*
(1.03) {2.82)
Model (3} for obaerved indiestor
Variabla 1098 1607 1098 1099 2000 2001
Intercept —1.48" —~2.80%" 1, 44*  -2,807%* . =1.88%" —~0,487*"
(-1.87) (-2,45) (-1.83) (~2.,75) {-1.96) (-2.30)
Sales Volume 87041075 15841075 701.107B*""  10941075**"  731.107%***  g1241078%%
(5.70) (4.76) (5.08) (5.28) (5.32) (5.70).
Reliabllity summary 0,234 0,208 0.0204 0,204 -0,0112 0.203
{-1.53) (0,78} (0,15) (0.75) (-0.04) (1.05)
AlQ 320,34 411,16 300.77 281,86 273,80 248,07

. ¥, and *** represent significance at the ten, five, and one percent lovel respactively,

Asymptotic £-values of the cosfficienta appear in parontheses.
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in 1997 and 2001. Coupes, minivans, and pickup trucks were significantly
less reliable than medium cars in three years following their purchases, but
their reliabilities held up well afterwards. On the other hand, there were
persistent reliability problems for SUVs relative to medinm cars. The auto-
mobiles completely redesigned or newly introduced in 1996 by the Big Three
were possibly unreliable in 1996 and they were significantly unreliable at 99%
level of significance in 1998, _

Missingness in reliability summaries consistently showed that it was highly
correlated With the sales volume. A vehicle with higher sales volume was less
likely to have its reliability sumnmary missing. We could not totally exclude
the possibility that owners of a relatively new automobile whose reliability
was worse than average responded to Consumer Reports’ Annual Question-
naire more frequently than owners whose automobile showed better than
average reliability, For example, in 1996 automobiles with higher reliabilitieé
were more likely to have their reliability summaries missing, implying that
the overall reliability average for 1996-mode-year vehicles could have been
deflated by this self-selection bias. Because Consumer Reports evaluates the
reliability of automobiles on a relative scale within a model year, this meant
that the reliability summaries of 1996-model—year vehicles in 1996 could have

been inflated.

Maintenance and Repair Expenditures

We listed the estimated maintenance and repair expenditures for the twenty-
six consistently popular passenger cars and light trucks mentioned on page 4.
In decreasing order of sales in 1996 within their categories, they were: Ford
Escorts, Saturn SLs, Honda Civics, Chevrolet Cavaliers, and Toyota Corol-

las as small cars; Ford Tauruses, Honda Accords, Toyota Camries, Chevro-
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let Luminas, Nissan Maximas, and Pontiac Grand Prixes as medium cars;
Buick LeSabres, Ford Crown Victorias, Cadillac DeVilles, and Lincoln Town
Cars as large cars;® Ford Explorers, Chevrolet Blazers, Jeep Grand Chero-
kees as SUVs; Dodge Grand Caravans and Ford Windstars as minivans;
Ford Rangers, Chevrolet S-10 pickup trucks, and Dodge Dakotas as compact
pickup trucks; Ford F-150s, Chevrolet C1500s, Dodge Ram pickup trucks as

fullsize pickup trucks. Their estimated maintenance and repair expenditures

Table 8: Vehicle-specific expected maintenance and repair expenditures for

the twenty-six 1996-model-year vehicles (in 1996 U.S dollars).

Estimatad Maintenance snd Repair Expenditure{U.5.%)

Modal 1000 1887 1868 1999 2000 2001 2002 2003 Total

Small Car Ford Escort 127 153 223 229 247 aag 308 388 2,100
Satum 8 153 191 340 353 509 T 876 T03 3,841

Honda Qivic 'L 129 178 200 208 232 399 372 1,810

Chev. Cavalier 108 185 258 323 350 510 580 543 2,858

Toyota Corolln 111 144 197 239 223 22T 298 320 1,768

Madium Car Ford Teurus 132 185 08 340 388 463 598 784 8,153
Honda Accord 127 184 147 288 410 418 414 1.1] 2,574

Toyois Camry 108 183 180 207 368 411 448 645 2,518

Chev, Lumina 118 219 308 300 408 603 850 458 3,151

Nissan Maxima 119 188 225 331 282 274 346 403 2,218

Pontlac Grand Prix 118 235 367 456 465 530 569 847 3,388

Larga Car Buick LeSabra 118 174 308 353 3a7 587 490 464 2,849
Ford Crown Victoria 128 168 245 303 278 aso ars 500 2,380

Cadillac DeVille 248 a2e 440 E18 600 T8 179 938 4,598

Lincoln Town Car 108 145 439 286 310 313 408 348 2,187

suv Ford Explorer 118 199 2082 302 337 423 aro 540 2,549
Ohev. Blazer 344 3565 432 448 484 508 580 612 3,779

Jeep Grand Cherokes 121 241 348 422 504 810 626 718 3,582

Minivan Dodges Grand Caravan 155 208 298 341 37r 528 510 551 2,963

" Ford Windstar 136 184 231 346 419 500 G670 T34 3,229

Compnct Ford Ranger 138 172 232 267 242 39 302 484 1,180
Pickup Truck Chev, §-10 Pickup 313 3a7 292 369 442 487 1:1:] 512 3,350
Dodge Dakota [ E:1.3 “an 333 433 423 570 627 807 3,457

Fullsize Ford F.150 137 106 278 288 352 a51 4589 542 2,600

Plckup Truck Chev. G1500 Pickup 132 250 301 369 . 378 478 446 460 2,862
Dodge Ram Pickup 172 308 a82 479 483 540 648 603 3,830

20(adillac DeVilles, and Lincoln Town Cars were categorized as luxury cars in April

2000 Consumer Reports, but they were classified as large cars in April 1996.

29



adjusted for the rate of inflation in the CPI*! are listed in Table 8.

We found that on average owners would pay $2,434, $2,833, $2,991,
$3,307, $3,096, or $3,008 in 1996 U.S. dollars during 1996-2003 respectively
if they operated one of the listed small cars, medium cars, large cars, SUVs,
minivans, or pickup trucks purchased in 1996. As expected the small cars
were least expensive to maintain and repair and the medium cars follow.

The small and medium passenger cars produced by Japanese manufac-
turers were inexpensive to maintain and repair relative to the comparable
models from the Big Three because they were more reliable, although their
higher parts costs partially offset their reliability advantage. For instance,
Ford Escorts would encounter 1.6 times more troubles than Honda Civics
in their lifetime, but their maintenance and repair expenditures differed by
only $290 for the first eight years. Similarly Ford Tauruses was nowhere near
as expensive as their trouble rates indicated because their cost of repair was

lower than that of Honda Accords, Toyota Camries, or Nissan Maximas.

Vehicle Total Cost of Ownership (TCO)

We calculated TCOs for the twenty-six 1996-model-year vehicles fof the first
eight years of ownership. They included the initial price, the fuel cost, the
maintenance and repair expenditure minus the resale price, We assumed that
differences in insurance costs and costs of financing were negligible within a
market segment because vehicles were compared with others in the same seg-
ment, and did not include them, We adjusted the fuel cost, the maintenance
and repair expenditure stream, and the resale price at the end of eight years
of ownership using the rate of inflation in the CPI to obtain the TCOs in
1996 U.S. dollars when the vehicle was purchased. In Table 9, the figures for

41 Average rate of inflation in CPI during 1996-2001 was 2.45% & year,
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each model were in dollar amount relative to that of the vehicle listed at the

top within its own segment,

Table 9: Inflation adjusted total cost of ownership of the twenty-six 1996-

model-year vehicles for the first eight years of ownership (in 1996 U.S. dollars)

relative to the vehicle listed at the top within its own segment.

Relative Price

TCO

Model Trim Line Initial Price Maintenance and Repair Fuel Reaale Prica Differontial
Small Qar  Ford Bacort 4Dt LX Bedan 0 0 1+ 0 o
Saturn Sk 4PDr SL2 Sedan 780 5,041 -256 516 1,548
Honda Givie 4Dr LX Sedan 2,075 ~200 -480 1,568 -262
COhey. Cavalier 4Dr LS Sedsn 1,480 758 143 -17 2,408
Taysta Corolla 4Dr DX Sadan 2,423 -342 -372 1,020 ase
Medium Car  Fard Taurus 4Dr LX Sedan o o 1] 1] 0
Honda Accord 4Dr LX V§ Sedan 1,350 <570 0 2,388 -1,014
Toyots Cemry 40t LE V6 Sedan 1,338 -836 -416 2,022 -1,738
Chev, Lumina 4Dy LS Sadan -2,635 -1 L1} 189 -3,128
Nissan Meaxima 4D SE Sedan 1,554 -83% -507 2,015 -1,993
Pontiac Grand Prix 4Dz SE Sedan -3,901 234 503 257 -3,421
Large Car  Buick LeSabre 4Dr Custom Sedan 4] 0 0 0 0
Ford Crown Victorla  4Dr LX Sadan 1,288 -488 264 205 866
Undillae DeVille 4Dr Sadan 0 0 0 0 o
Linenin Town Car 4D Slgnature Sedan 2,085 -2,436 -721 7 -203
suUV Ford Explorer 4Dr 4WD XL Wagon 1] [ 0 0 [}
Chav. Blazer 4Dr 4WD STD Wagon 604 1,230 0 28 1,806
Jeep Grand Cherckee 4Dr 4AWD Laredo Wagon 3,881 1,043 787 534 4,877
Minivan Dodge Orand Oaravan LE Passenger Van 0 0 0 0 1]
Ford Windetar LX Poasenger Ven 50 266 -264 04 258
Compact  Ford Ranger 2Dr XLT Regular Qab SB 0 1] 0 1] o
Pickup Truck Chev. 5-10 Pickup D7 LS Regular Cab $B 467 1180 328 -72 2,088
Dodge Dakota 2Dr XLT Regular Cab 5B 1,008 1,298 328 -174 2,887
Fullsize Ford F-150 2Dr XL Regular Cab SB 0 0 0 0 ]
Pickup Truek Chev, CL500 Pickup  2Dr Reglar Cab 5B 348 262 418 170 B46
Dodge Ram 1500 2Dz LT Regular Oab SB -44 1,030 1,448 -272 2,706

For the initial price, we used the manufacturer suggested retail price

quoted from the Ward's Automotive Yearbook in 1997, For the fuel cost,

we assumed that each model traveled 12,000 miles per year for ei'ght years

and the yearly prices for regular and premium gasoline were the U.S. city

average retail prices in 1996-1999.2 Fuel mileages for these models were

3290002003 prices were the average of the first four years.
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taken from April 1997 Consumer Reports. The inflation adjusted mainte-
nance and repair expenditures were the eight-year total in Table 8. Since
1996-model-year vehicles will be eight years old only in 2004, we used resale
prices in September 2002 of the twenty six 1994-model-year vehicleé quoted
from Edmund.com.

The initial purchasing price advantage of Ford Escorts relative to Honda
Civics or Toyota Corollas was respectively totally reversed or considerably
narrowed in terms of the T'CO. Particularly, Honda Civics whose high initial
price differential with respect to Ford Escorts were considerably narrowed
by their high resale price had the lowest TCO among the five models in the
segment due to their lower maintenance and repair expenditure and higher
mileage. |

The maintenance and repair expenditure and resale price advantages for
Honda Accords and Toyota Camries totally reversed more than $1,300 of
their initial price disadvantages relative to Ford Tauruses. Nissan Maximas
showed similar pattern as Accords and Camries. On the other hand two
medium passenger vehicles from GM kept their TCO advantage over Ford
Tauruses almost solely because of their lower initial prices.

The initial price difference of $1,285 between Buick LeSabres and Ford
Crown Victorias was reduced to $856 TCO difference. In the luxury car seg-
ment, difference in the initial prices between Cadillac Devilles and Lincoln
Town Cars was close to $3,000, but the TCO of the latter was $203 lower due
to much lower maintenance and repair expenditure and fuel cost for Lincoln
Town Cars, Ford Explorers had smaller TCO than Chevrolet Blazers due to
their lower initial price and maintenance and repair expenditure advantage.
Dodge Grand Caravans were somewhat less expensive to purchase and main-

tain relative to Ford Windstars, Their TCO advantage rose to about $258
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for the first eight years of ownership. -

5 Discussion

In section 4, we discussed how differences in each of the components affected
the TCO differences within a market segment. We also learned that some
vehicles were noticeably more expensive to own and operate than the others
even if they were offered to the same market segment. In section 5, we discuss
the relationship between the TCO and the market éhare of these vehicles.
Consumers typically choose automobiles for price, safety, reliability, fuel
economy, performance, comfort, convenience, availability, brand-name recog-
nition/loyalty, design, and/or availability of certain features/options. So we
do not necessarily expect low TCO vehicles to sell well, nor should we. In
volume sales segments where utility and value of an automobile is critically
scrutinized, however, it is reasonable to expect that U.S. consumers are aware
of the cost of owning a vehicle for an extended period of time at least to some
extent. Over time competing models within the same market segment tend to
converge and become even more similar. That should mean that TCO should
be meaningful. Notice that TCO differential column in Table 9 should have
shown monotonically increasiﬁg patterns within a segment if U.S. consumers
in 1996 were basing their automobile purchase decisions solely on the TCO.
The market shares for large passenger cars, SUVs, minivans, compact and
full size pickup trucks all seemed to reflect their TCO differentials faithfully. |
Buick LeSabres with $856 smaller TCO than Ford Crown Victorias were
the best selling large cars in 1992-1999 period. Ford Explorers with the
smallest TCO have been the best selling SUVs since it first appeared in
1992 and Chevrolet Blazers had been trailing. Dodge Grand Caravans with
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$2568 TCO advantage over Ford Windstar had long dominated the minivan
market with their sibling Chrysler Town & Countries. Ford Rangers with
$2,058 smaller TCO than Chevrolet S-10s and Ford F150s with about $846
TCO advantage over Chevrolet C1500s had been the best selling compact
and full size pickup trucks respectively. It was interesting that vehicles in
these five market segments were all manufactured by the Big Three.

In luxury passenger car segment, Cadillac Devilles with $203 higher TCO
than Lincoln Town Cars have been the best selling vehicles with 1992-1999
average sales of 109,000 units, but Town Cars trailed Devilles only by 8,000
units on the average. There are two possible explanations for this. One is
that the almost $3,000 higher initial purchasing price of Town Cars was too
much upfront for some U.S. consumers to take even if it was eventually more
than offset by their strikingly low maintenance and repair expenditure, The
other is that consumers in this market may not be so sensitive to cost of
owning a vehicle and the $203 higher TCO for Devilles did not amount to
much,

In small and medium passenger car segments where the Japanese had al-
ready been offering credible alternatives by 1996, however, the market shares
recorded in that year did not seem to have reflected their TCO differentials.
For instance, Honda Civics should have been selling better than Ford Escorts
in small passenger car segment. Also any one of the five cars should have
been selling better than Ford Tauruses in medium passenger car segment.

In small passenger car segment, however, there was at least a reasonable
correspondence between the TCO and the market share among the three
U.S. cars-—Ford Escorts, Saturn SLs, and Chevrolet Cavaliers. In medium
passenger car segment, on the other hand, even among U.S. cars we were

surprised to have found that Chevrolet Luminas and Pontiac Grand Prixes
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had not been able to attract enough customers during 1992-1999, despite the
fact that their respective initial price advantages of $2,900 and $3,900 over
Ford Tauruses almost remained as their TCO advantages.

The $262 TCO advantage of Honca Civics over Ford Escorts might not
have been apparent to U.S. consumers, but the $1,614, $1,736, and $1,993
TCO advantage of Honda Accords, Toyota Camries, and Nissan Maximas
respectively over Ford Tauruses should have been. Thus an interesting new
hypothesis coming out of Table 9 is that U.S. consumers were willing to pay
a premium of about $2,000 for American medium passenger cars. When you
looked the market shares over the period of several years, however, we could
portray pictures more sympathetic to our original hypothesis. For instance,
Toyota Camries with relatively small TCO in the medium car segment in-
creased their sales volumes significantly from 257,466 units in 1989 to 448,162
units in 1999 as Toyota’s production capacity in the U.S. increased signif-
jcantly during these years. To learn whether U.S. consumers were willing
to pay premium for American cars or their purchase decisions were based
strictly on TCQO, we first need to examine the extent to which the sales fig-
' ures in these markets were distorted by the fleet sales to rental car companies
some of the automobile manufacturers owned at least partially. Then we need
to track the TCO fluctuations over a period of time and how they correlate

with the sales figures. We leave these efforts for future research.

A Multinomial Regression Model for Poten-
tially Nonignorably Missing Survey Responses

In appendix A, we summarize the method for estimating parameters in multi-

nomial logistic regression models when the response variable Y was partially
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missing and the missing data mechanism was potentially nonignorable, and
the explanatory variables were fully observed. This framework was presented
by Ibrahim and Lipsitz (1996) for binomial logistic regression model, We ex-
tended the model to multinomial logistic regression.

The model consists of the joint distribution of the multinomial ordinal re-
sponse variable Y and the'binomial observed data indicator R, #th of which
takes O when the ith of the Y is not oberved. Since the explanatory vari-
ables X are fully observed, they are treated as fixed throughout. In this
paper Y represents reliability scores and takes integral value from 1 (much
worse than average) to 5 (much better than average) and X includes several
design characteristics, car types, and the country origins of car manufactur-
ers. We express the joint distribution R and Y by specifying the conditional
distributions Y|(8, 8) and R{Y, a, where (8,8) and & are assumed to be
distinct, sets of indexing parameters for their respective distributions.

Suppose ¥;, i = 1,...,n, are independent multinomial observations with
the cumulative probability ;; up to and including jth category. Further, let
©; = (Z4,...,%p) denote the 1 x p observed vector of explanatory variables
for the 4th observation, X is an n X p matrix of explanatory variables, and let
B=(p,...,05)" denote the corresponding p X 1 column vector of regression

coefficients, We use a parallel logistic regression model for the ;'
]'Og{q‘bij/(]‘—wﬁ)}"—"Bj"ﬁTmi: i=1..,k=-1 ' (1)

with the likelihood for y;|e; is given by

'Lm (8: ﬁ)

= TIE, (s — g )™ :

ok exp(8; — B w;) __exp(fj-1 — Bre) M

= I, - - , (@)
I 1 exp(f; — B ) 1+exp(6-1 — B i)
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where ;; = 1 if 9; = j, 15 = 0 otherwise.

The negative sign in (1) is a convention ensuring that large values of ATx
lead to an increase of probability in the higher-numbered categories. Since
0; estimates logistic transformation of the cumulative probability up to and
including category j, 6, < 8y €+« < 04— must be satisfied.

The observed data indicator for the ith response y; can be written as

{ 1 if g, is observed,
Ti —

0 if y; is missing,

for i = 1,...,n. The vector r = (ry,...,m,)¥ is n x 1 column vector of
observed data indicators. We specify a logistic regression model for the ry’s,
Let 2; = (;,3;) and let & = (a1, ..., 0p41)T be a (p+1) x 1 column vector of
indexing parameters for r;. We define p; = Pr{r; = 1|2;, @} and the logisitic

regression model for the p;’s is

log{pi/(1 — p)} = zix, (3)

where the likelihood for 7; is

Lrilye (Q.')

I

(1‘%};) " (1-p)

= exp[rizio — log{1 + exp(z;x)}]. (4)

If apy1 # 0 or oy is significantly different from zero, theﬁ the missing
data mechanism depends on y; and thus nonignorable. If apyy = 0, then
f(ri|#i, &) does not depend on y;, but may depend on @;, When this happens
the missing data mechanism is referred as ignorable. If ap = -+ = o4y =0,
then the observed sample is effectively random subsample of the sample.

Under the assumption that « and (8,8) are distinet sets of indexing
parameters, the log-likelihood for ail of the observations can be decomposed
from (2) and (4) as
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n LU

I(r} = Zl(f;wi:yhri) = Z{ly‘,(g,ﬁ) + zr‘\‘Wi(a)}

i=l i=1

e [yij log{ exp(0; — BT ;) exp(8-1 — BT ;) }

1+ exp(Bj - ﬁTm,-) 1+ exp(ﬁjml - BT:U,-)

i=1

+rizia — log{l + exp(z;x) }|, (8)

where 7 = (84, ...,0k—1,81, ..., Bpy 1, .o, apg )T 5 & (k + 2p) X 1 column
vector of logistic regression parameters and {(7; @;, i, ;) is the contribution
to the log-likelihood from the ith observation. The log-likelihood in (5)
essentially treats the y;’s as missing covariates in the mode! for (r;|z;, c).
Thus following Ibrahim (1990) and Abe et.al (1998), the maximum likelihood
estimates of 7 can be obtained via the EM algorithm by maximizing the
expected log-likelihood whose 4th individual contribution is

b Uiy v, i) F(wilri i, 7) if 5 s missing,

G TRTEN) if y; is observed,

El(r; @, y5, 1)) = { (6)

The E-step in (6) takes the form of a weighted log-likelihood with the condi-
tional probabilities f(y;|ri, @, T) of the missing data given the observed data
playing the role of ratios. The M-step maximizing the function in (5), which
is equivalent to completing data maximum likelihood with each incomplete

observation replaced by a set of weighted “filled—in"” observations with weight

Fuilrs, @i, 7).

B Calculating vehicle-specific ratios of main-
tenance and repair expenditure

We obtained the yearly ratio of maintenance and repair expenditure in six

stages. First, we calculated vehicle-specific expected repair cost using the
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frequency-of-repair charts in April 2000 Consumer Reports®® and the cost
figures of the eight major mechanical systems for the fifty models from the
Mitchell Mechanical Parts & Labor Estimating Guide in 2002. For instance,
with the frequency-of-repair charts in Table 10 and the cost figures in Ta-
ble 11 of 1996-model-year Ford Tauruses, we calculated in Table 12 1996-2003
expected repair costs of 1996-model-year Ford Tauruses in 1996-2003 if com-
plete repair or replacement with new parts were required for the eight major

mechanical systems everytime at least one of their subsystems broke down.

Table 10: Frequency of repair charts of 1996-model-year Ford Taurus in
1996-2003. |

Calendar Yaar

Major System 96 o7 98 ] 00 01 02 03
AfC 0010 @010 0.035 0035 0035 0,036 0121 0121
Qooling 0.010 0,035 0.038 021 0072 0072 0,181 0,181
Electrical 0035 @072 0.072 0121 0121 0121 0221 0121
Engine 0.010 €010 0.010 (.035 0035 .0,035 0.121 0.181
Fuel 00385 O.D3E  0.038 0035 0072 0072 0072 0072
Ignition 0.010 0,038 0.03% 0,038 0035 0.035 0,035 0,038

Suspapsion 0.038 013 0.121 0,121 0.121 0,121 0,121 0,121
Transemmission 0.035 0,072 0.072 0.072 0.072 0,072 0,072 0,181
Total 0.180 0,380 0.414 0.573 0,561 0.581 0.841 1.012

Second, we obtained the expected repair cost per problem for each of the

#3The frequency-of-repair charts show the proportion of owners who have reported se-
rious problems for each trouble spot of each model on a five-point scale. The best score
5 indicates that 2.0% or fewer vehicles suffered a serious problem, score 4—2.0% to 5.0%,
score 3—5.0% to 9.3%, score 2—8.3% to 14.8% and score 1—more than 14.8% were af-
flicted with the problem, We assigned the midrange trouble rates respectively for the first
four of the five categorles. We assigned 18.1% for the score 1 category. To do so, we
first estimated a simple regression model of how the percentage increment between the

neighboring categories were correlated with the category increment using the first four

categories and then extrapolating the result to the score 1 category,
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Table 11: 1996-model-year Ford Taurus’ costs of complete repair or replace-

ment with new parts for the eight major mechanical systems.

Mejor Mechanical System Ropair Cost

AfC 1,019
Cooling 631
Electrical 208
Engine 4,001
Fusl 1,378
Ignition 68T
Suapension 748
Tranamission 1,535

Table 12; 1996-model-year Ford Taurus’ expected repair costs for the eight
major mechanical systems in 1996-2003 if complete repair or replacement

with new parts were required everytime one of their subsystems broke down.

Calendar Year
Major System 98 o7 08 99 00 01 02 03
A/OQ 10 10 ag kL] 34 38 123 123
Cooling ] a3 33 112 87 [ix) 160 189
Electrical 10 21 21 EL] a8 a6 38 36
Engine 40 40 40 140 140 140 482 726
Fuel 48 48 48 48 1.1 11 98 98
Ignition ] 2t 21 21 21 21 21 1}
Sunspeneion 26 j:11} o0 80 o0 90 &0 90
Transmission 54 110 110 110 110 110 110 278

Expected Repnir Coat 204 373 308 602 6O  BOY 1,120 1,640

fifty vehicles. For 1996-model-year Fdrd Tauruses, for instance, this meant
that dividing the expected repair cost at the bottom of Table 12 by the total
frequency of repairs at the bottom of Table 10. The result was shown in
Table 13.

Third, we obtained the expected total repair cost for each of the fifty
vehicles first by multiplying the expected repair cost in 1996-2003 for the
1996-model-year vehicle with the numbers of 1996-model-year vehicles on

the road in 1996-2003 respectively and then by aggregating the resulting
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Table 13: The expected repair cost per problem for 1996-model-year Ford
Taurus if complete repair or replacement with new parts were required ev-

erytime one of their subsystems broke down.

Calendar Year

96 87 L] 00 00 01 02 03
204/0.180 373/0.380 308/0.414 582/0.573 bO7/0.561 BOT/0.561 1,129/D.841 1,840/1.012
=1,133 =050 =063 =],034 =1,065 =1,065 =1,341 | =1,522

numbers. We assumed all the vehicles purchased in 1996 remained on the
road during the period. The sales volume information was taken from Ward’s
Automotive Yearbook in 1997. For instance, Ford Taurus' expected total
repair cost was $2,177,736,000 in Table 14. We repeated this process for the
fifty vehicles and added them to obtain the expected total repair cost for the
fifty vehicles of up to eight year old combined—8$42,051,478,000.

Table 14: 1996 Ford Taurus’ 1996-2003 expected total repair cost if complete
repair or replacement with new parts were required everytime one of their

subsystems broke down (in thousand dollars).

Calendar Year Expocted Total
a8 o7 oL 99 00 01 02 03 Repalir Cost
Repair Cost per Vehicle 204 373’ 398 592 597 597 120 1,540 '
Number of the Vehicle 401,045 401,040 401,040 401,049 401,048 401,041t 401,049 401,049
Toial 81,770 140,465 150,684 237,583 230,451 239,481 462,503 617,731 2,177,738

Fourth, we computed the total number of problems each of the fifty 1996-
model-year vehicles was expected to have encountered. For example, the
expected total number of problems 1996-model-year Ford Tauruses had /will
have in 1996-2003 was 1,816,000 as in Table 15, We aggregated them to
obtain the expected total number of problems in 1996-2003 for the fifty
vehicles combined——34,594,000.
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Table 15: The expected total number of problems for 1996-model-year Ford
Taurus during 1996-2003 period.

Cealendar Year Total Number
[+1:] 97 :1.] 99 00 01 02 03 of Trouhles
Number of Troubles par Vshicls 0.180 0.380 0,414 0.573 0.5681 0.561 0.841 1.012
_ Numhber of the Vahicle - 401,048 401,040 401,040 401,040 403,049 401,040 401,040 401,048
Total (thousand) 72 156 186 230 225 225 3387 408 1,816

~ Fifth, we obtained the average repair cost per problem——$1,216-—-by di-
viding their expected total repair cost—8$42,051,478,000—for the fifty models
combined by their expected total number—34,594,000—of problems.

| Sixth, we divided the expected repair costs per problem in 1996-2003 for a
1996-model-year vehicle by the average repair cost per problem—3$1,216—for
the fifty models combined to obtain the yearly ratio for the particular vehicle
in 1996-2003. The 1996-2003 fa.tios of 1996-model-year Ford Tauruses were
calculated in Table 16,

Table 16: The maintenance and repair expenditure ratios for 1996 Ford Tau-

rus.

Calendar Year
96 a7 98 89 00 01 02 03
Weight 1,133 959 963 1,034 1,065 1,066 1,341 1,522
/1,216 /1,216 /1,216 /1,216 /1,216 /1,216 /1,218 /1,216
=0.98 =0.79 =079 =0.86 =0.88 =0.88 =110 =1.26

We think these calculations were warranted because there were significant
differences in repair costs among the eight major mechanical systems and
because there were significant vehicle-to-vehicle differences in likelihoods of

breakdown in the eight major mechanical systems. For example, engine is
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in general much more costly to repair than electrical system, but much less

likely to break down. Thus vehicles with many electrical system breakdowns

may end up having smaller ratio than vehicles with a single engine trouble.
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