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EXECUTIVE SUMMARY

Large vehicles have historically been more stable and provided more protection for their
occupants than small ones, although those benefits to society might be offset ifthey present a
greater hazard to other road users. Between 1975 and 1985, new passenger cars in the United
States became twice as fuel-efficient, but their average curb weight dropped by nearly 1000
pounds, with corresponding reductions in other size parameters such as track width and
wheelbase During 1990-91, the National Highway Traffic Safety Admimstration (NHTSA)
studied the safety effect ofthat weight and size reduction and concluded that it increased
fatalities by nearly 2000 per year.

Between 1985 and 1993, the number ofpassenger cars on the road and their average weight
remained quite stable, but the population oflight trucks -pickup trucks, sport utility vehicles
(SUV) and vans -increased by 50 percent, while the average weight ofanew light truck
increased by 340 pounds. By 1992, the number of fatalities in collisions between cars and light
trucks exceeded the number in car-to-car collisions. In car-light truck collisions, 80 percent of
the fatalities are occupants ofthe cars. That raises the question whether the growth mthe
number and weight oflight trucks is having an adverse impact on the safety ofpassenger car
occupants and other road users, possibly exceeding any safety benefits ofthe vehicle-weight
increases forthe occupants ofthe trucks.

The objective ofthis report is to estimate the relationship between curb weight and the fatality
risk, per million vehicle exposure years, for model year 1985-93 passenger cars and light trucks,
based on their crash experience in the United States from 1989 through 1993. "Fatality risk"
includes all fatalities in the crash: not just the occupants ofthe "case" vehicle, but also the
occupants ofother motor vehicles, pedestrians, and bicyclists. In other words, the objective is to
find the net effect on society, when vehicle weight is changed. Estimates are obtained for six
fundamental crash types that, together, comprise most ofthe fatalities in the United States:

Principal rollovers (not resulting from acollision)
Collisions with objects (e.g., impacts with trees)
Collisions with pedestrians, bicycles, ormotorcycles
Collisions with trucks over 10,000 pounds (Gross Vehicle Weight)
Collisions with passenger cars
Collisions with light trucks (pickups, SUVs, orvans)

The results for light trucks are new, while the findings for passenger cars are acompletion and
update ofNHTSA's 1991 study. The principal reason for analyzing cars again is that NHTSA's
1991 analysis did not address three types offetal collisions: those with pedestrians, big trucks
and light trucks. Also, the safety environment has changed since the mid-1980's: more light
trucks on the road, higher belt use, more female and older drivers. Because the analysis has been
expanded to include all the major crash types, the results ofthis report supersede the 1991
findings for passenger cars. In view ofthe complexity and the high public interest in the issue of
vehicle size and safety, adraft ofthis report was peer-reviewed by apanel ofexperts under the
auspices ofthe Transportation Research Board ofthe National Academy ofSciences. The report
was then revised in response tothe panel's recommendations.
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The estimates indicate what might happen to fatalities if historical relationships are maintained
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fatalities areestimated:

PASSENGER CARS: EFFECT OF 100 POUND WEIGHT REDUCTION
(light truck weights unchanged)

Crash Type

Principal rollover

Hit object
Hit ped/bike/motorcycle
Hit big truck

Hit another car

Hit lighttruck

OVERALL
+214 to +390±2-sigmaconfidence bounds

±3-sigmaconfidence bounds

Fatalities Effect of Net

in 1993 100 Pound Fatality

Crashes Weight Reduction Change

1754 + 4.58% + 80

7456 +1.12% + 84

4206 - .46% - 19

2648 + 1.40% + 37

5025 - .62% (nonsignificant) - 31

5751 + 2.63% ±151

26840 +1.13% +302

+170 to+434
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The effect ofdownsizing passenger cars would be astatistically significant increase of fatalities
in rollovers, collisions with objects, big trucks, and above all, light trucks. The harm would be
only slightly offset by amodest benefit for pedestrians, bicyclists and motorcyclists. The
observed effect on fatalities in car-to-car collisions, ifboth cars in the collision were downsized,
is not statistically significant. The largest relative increase, 4.58 percent, would be mrollovers,
given the historical tendency that reduced mass means narrower, shorter, less stable cars. But
me greatest absolute increase, 151 fatalities, would be in colUsions between cars and light trucks,
which were amuch bigger safety problem in "baseline" 1993 (5,751 fatalities) than principal
rollovers (1,754 fatalities).

Overall a100-pound reduction in the average weight ofpassenger cars, in the absence ofany
compensatory safety improvements, is estimated to result in 302 additional fatalities: a1.13
percent increase over the baseline. This overall increase is statistically significant. Its2-sigma
confidence bounds range from 214 to 390. Two-sigma confidence bounds have been considered
wide enough to include the likely range oferror in past NHTSA evaluations. Given this
evaluation's complex analysis approach, it might be appropriate to consider wider, 3-sigma
confidence bounds. They range from 170 to 434. Either set ofconfidence bounds supports a
conclusion that car weight reductions, given historical patterns ofcar design, would be
associated with increases in fatalities. The current estimate is higher than NHTSA's 1991 study
(approximately 200 lives per 100 pounds) because the 1991 study did not address collisions of
cars with light trucks, big trucks and pedestrians.

If all light trucks on the road were reduced in weight by 100 pounds, while passenger cars and
other vehicles remained unchanged, and in the absence ofany compensatory improvements in
safety technology, the following effects on fatalities are estimated:

LIGHT TRUCKS: EFFECT OF 100 POUND WEIGHT REDUCTION
(car weights unchanged)

Fatalities Effect of Net

in 1993 100 Pound Fatality

Crash Type Crashes Weight Reduction Change

Principal rollover 1860 + .81% (nonsignificant) + 15

Hit object 3263 + 1.44% + 47

Hitped/bike/motorcycle 2217 - 2.03% - 45

Hit big truck 1111 + 2.63% + 29

Hit passenger car 5751 - 1.39% - 80

Hit anotherlighttruck _LU0 - .54% (nonsignificant) i_^

OVERALL 15312 - .26% - 40

±2-sigma confidence bounds -100 to +20

±3-sigma confidence bounds -130 to +50
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TShed by the increase in most other types ofcrashes. The latest Ught trucks,£ tiie
averlgf weigh over 900 pounds more than passenger cars. Continued growth in tiie number and
weight^X^icks«Ukely to increase the hazard in colUsions between the trucks and smaUer
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the trucks isUkely toreduce harm in such colUsions.

Some people believe that smaU cars attract aggressive drivers because they are mo«^sporty and
powerful than large cars. They might argue that, to agreater or lesser extent it snot tiie cars,
but rather their drivers that are responsible for the higher fataUty rates of smaU cars mthe
Preceding analyses. This beUefmay have been vaUd at one time, but today, the typical smaU car
is no longer asports car. The make-models currently associated with high performance, high
torsepower, oraggressive driving are generally not smaU, but are ofaverage orevenshghtly
heavier-than-average weight. As aresult, the high-performance make-models, ifa^g,
Ed the preceding analyses in fevor of smaUer cars. In asensitivity test, the aialyses ofthis
reportwLe-runwithoutmosesportyandhi^^^ The correction
between passenger car weight and fataUty risk did not diminish. In fact, it became slightly
singer The predicted effect ofa100-pound weight reduction escalated fromgrease of
302 fetahties in the baseline analysis to an increase of370 fetahties on the sensitivity test.
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CHAPTER 1

OBJECTIVES, BACKGROUND, ANALYSIS STRATEGIES AND DATA SOURCES

1.1 NHTSA's need to study size-safety relationships
Ahigh proportion ofthe motoring pubUc believes that large vehicles are safer than smaU ones
Ask people to describe asafe vehicle: some mention specific features such as safety belts; or air
bags brothers reply, "Show me the biggest car youVe got [111ppAUW Tmsbehefis
remforced by intuition, personal experiences in two-vehicle coUisions (the bigger car didnt
have ascratch"), and Uterature avaUable to the pubUc [4], [33]. The National ftghway Traffic
Safety Administration (NHTSA) has examined the size-safety issue anumber oftimes for
passenger cars. The latest study, dated 1991, confirmed that bigger cars are safer and estimated
that "the reduction ofthe average weight ofnew cars from 3700 to 2700 pounds [durmg 1970.
82] (or the associated reductions in car length and width) resulted mincreases ofnearly 2,000
fetahties and 20,000 serious injuries per year [7]."

Whereas large, heavy vehicles may provide excellent protection for their own occupants, their
mass, momentum and structural strength could present ahazard to the occupants of lighter
vehicles that colUde with them. Between 1985 and 1993, the population oflight trucks -
pickups sport utiUty vehicles (SUV) and vans -increased by 50 percent in the United States.
Since the major downsizing ofpassenger cars, Ught trucks have had asubstantial weight
advantage over cars, and this advantage grew by an average of240 pounds during 1985-93. By
1992, the number offetahties in coUisions between light trucks and cars exceeded the number in
car-to-car coUisions. That raises the question whether continued growth in the weight ofUght
trucks would have an adverse impact on the safety ofpassenger car occupants and other road
users, more than offsetting any benefits for the occupants ofthe light trucks, and possibly
resulting in net harm to society.

Thus, the size-safety relationship may be quite different for passenger cars and Ught trucks.
NHTSA's eariier size-safety studies only addressed passenger cars. Given the increasing
proportion ofUght trucks, it is appropriate to study the size-safety relationsip for Ught trucks at
this time (1995). But this is also agood time to recahbrate the relationship for passenger cars.
Since NHTSA's last analyses, the driving environment has changed in the direction ofhigher use
of safety belts and ahigher proportion ofolder and female drivers. Moreover, NHTSA's 1991
analyses did not address the relationship between vehicle size and fataUty risk, even for
passenger cars, in three important crash modes: colUsions with Ught trucks, big trucks and
pedestrians.

The mission ofthis study is to calibrate the relationships between vehicle mass and fatality risk
for the current (model years 1985-93 in calendar years 1989-93) fleets ofUght trucks and
passenger cars, in the six principal crash modes: rollovers, and coUisions with objects,
pedestrians, big trucks, passenger cars, and light trucks. These relationships include the safety
effects that are adirect consequence ofchanging mass, and the effects that are consequences of
changing other vehicle size-related parameters (width, length, height, strength) that are
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intrinsically tied to mass. The caubration process should weed out the effects ofother factors,
especially nonvehicular factors such as driver age and sex, that are merely confounded with
vehicle mass. One goal is to estimate the net effect on fatalities ofa 100 pound reduction in the
weight oflight trucks; "fatalities" include pedestrians and occupants ofother vehicles involved
in the crashes, not just the occupants ofthe light trucks. The other goal is to obtain
corresponding estimates for a100 pound reduction in the weight ofpassenger cars. These
estimates can be used to predict the net impact on fetahties from future weight changes, provided
that current associations between vehicle mass and other size-related parameters (width, length,
height, strength) stay about the same. The relationships between vehicle mass and the risk of
nonfatal injuries is addressed in separate reports.

Adraft ofthis report was completed in October 1995. Because ofthe complexity and the high
public interest in the issue ofvehicle size and safety, NHTSA arranged for apeer review ofthe
draft report by apanel ofexperts under the auspices ofthe Transportation Research Board ofthe
National Academy ofSciences. The panel completed its review in.June 1996. The chairman, D.
Warner North, submitted the panel's findings and recommendations in a letter, dated June 12,
1996, from the Transportation Research Board toRicardo Martinez, M.D., the NHTSA
Administrator. This report has been revised in response tothe peer review, as follows: Chapter 5
ofthe draft has been spUt into two chapters, 5and 6. The analyses that were added ormodified
in response to the peer review are documented in Chapter 6. Appendix Fsummarizes the panel's
recommendations and the responses by the author ofthis report. However, except for the
revisions and additions to address the peer review comments (primarily, but not exclusively, in
Chapter 6and Appendix F), the text ofthis final report is unchanged from the 1995 draft.

1.2 How vehicle size can affect safety

There are several intuitive reasons why heavier vehicles can beintrinsically expected to have
different fatality risk than lighter vehicles. Most ofthese factors, but not aU, favor the heavier
vehicles. There are other, confounding factors that, superficiaUy, make fetaUty rates oflight and
heavy vehicles different, but are not causaUy related to mass. For example, young drivers have
high fataUty rates and tend to drive smaUer cars; their high risk, undoubtedly, would persist even
ifthey aU drove big cars. FinaUy, there may be some "in-between" factors with an indirect-
causal relationshipto mass.

Among the factors with adirect, physical relationship to mass, the best-known is that heavier
vehicles have greater momentum. When aheavy and aUght vehicle, traveling at the same
speed, collide head-on, the heavy vehicle keeps moving forwards; its occupants experience a
relatively low-severity coUision with asmaU velocity change. The small vehicle gets pushed
backwards; its occupants experience asevere coUision with high velocity change. These are
inevitable consequences ofthe laws ofphysics; nothing can be done to equalize the velocity
changes. In ahead-on coUision oftwo cars, a1percent weight advantage corresponds to more
than a5percent reduction in the driver's fetaUty risk, relative to the driver ofthe other car [16],
p. 9.

What benefits an individual, however, doesnot necessarily benefit society as awhole, as wUl be



seen throughout this study. Individuals who buy heavier vehicles reduce their own risk ofdying
in two-vehicle colUsions, but increase that risk for occupants ofthevehicles they collide with,
possibly resulting in no net change in total fetaUties in two-vehicle coUisions. Ifone person buys
a 10 percent heavier car, he gets amass-ratio advantage, but ifeverybody else also buys 10
percent heavier cars, they cancel out his advantage. Based on momentum considerations in
multivehicle coUisions alone, society neither gains nor loses ifthe entire vehicle fleet
experiences a proportional change inmass.

Momentum may provide amodest benefit in colUsions between vehicles and "fixed" objects that
are, in fact, sUghtly movable. AmiddUng tree, for example, might completely stop asmaU car,
but aheavier vehicle (especiaUy abig Ught truck) might knock down the tree and keep roUing
forwards.

RoUover stability is another area where the laws ofphysics fevor one size ofvehicle over
another. Vehicles with a high "static stabiUty factor" (wide track, low center ofgravity) are less
prone to roUover than those with alow stabiUty factor (narrow track, high e.g.). But the
relationship between vehicle mass and the static stabiUty factor has historicaUy been different in
cars and Ught trucks. Much ofthe added mass in "big" passenger cars is used toincrease their
width and length (roominess and ride quality are selling points for big cars), but not their e.g.
height (nobody wants to climb a ladder toget into aCadillac). Thus, curb weight and the static
stabiUty factor have always been highly correlated in cars (although, conceivably, a moderate
amount ofweight could be removed from a car without reducing its track width). Big Ught
trucks, onthe other hand, are often taU or stand high offthe ground. Added mass does not
necessarily go into horizontal growth, but may go into vertical growth orinto structures that do
not change volume atall (four-wheel drive, heavy-duty aurying capacity). Curb weight and
static stabiUty are not strongly correlated in Ught trucks. For these reasons, roUover risk can be
expected tohave strong negative correlation with mass in passenger cars, but substantiaUy lower
correlation, if any, in Ught trucks.

Momentum isa crashworthiness factor (probability offetaUty given a crash has occurred),
whereas roUover stability isa crash avoidance factor (probability ofa crash occurring, given
some amount of on-the-road exposure). This study addresses the relationship between a
vehicle's mass and itsoverall fetaUty risk perunit ofexposure. The results will show thenet
combined effect ofaU mass-related crashworthiness and crash avoidance factors, andtheywill
not single out whether mass isprimarily affecting crashworthiness orcrash avoidance.

Directional stability isa second crash avoidance factor that tends to fevor bigger vehicles with
longer wheelbases. Avehicle is directionally unstable ifittends to skid orspin out ofcontrol in
response tobraking orsteering input oran uneven road surface. When avehicle is out of
control, it isUable to run offthe road, hit a fixed object orroU over. The smallest Ught trucks
have thegreatest problem with directional stabiUty.

There is awidespread perception that heavier vehicles have greater structural integrity than the
lightest vehicles and provide better protection against intrusion by other vehicles or fixed
objects. Doors, frames, pillars, roof raUs, etc. are thicker and stronger. Since the occupant
compartment is larger, these structures have more room todeform before they impinge on the



occupants. Heavier cars and light trucks can be expected to have lower fatality risk in coUisions
with objects and big trucks, where intrusion often occurs.

Heavier vehicles may also offer better built-in occupant protection and cushioning in crashes.
Their longer hoods and extra space in the occupant compartment provide an opportunity for a
more gradual deceleration ofthe vehicle, and ofthe occupant within the vehicle. Crash tests in
the New Car Assessment Program indicated that larger cars present a friendUer crash
environment for belted occupants in frontal crashes [7]. It is unknown ifsimilar trends exist for
light trucks, or for unbelted occupants ofcars.

The preceding factors all worked to the advantage oflarger vehicles. There is one crash-
avoidance and onecrashwoithiness factor thatmake smaUer vehicles safer incertain types of
crashes. Small vehicles, although they are less stable, appear to have greater maneuverability.
It isunknown whether this isdue primarily to physical factors ordriver-vehicle interaction.
Light weight and short wheelbases may actuaUy speed up the vehicle's response tosteering
input. In addition, drivers appear tobelieve that smaU vehicles are easier to steer, and they are
more likely toexecute evasive maneuvers. That may help them avoid impacts with pedestrians
and, perhaps, with othervehicles.

The larger cars and, especially, Ught trucks are believed tobe highly aggressive and sometimes
incompatible with smaller vehicles on the road. They have an exceptional ability to damage the
smaUer vehicle, even beyond what might beexpected, given their superior momentum and
structural strength. Their siUs arehigh above the ground and have a tendency to ride over the
sills of smaller vehicles with damage to theoccupant compartment. Similarly, thehigh, flat front
ofthese trucks may beaggressive to pedestrians. An increase intheweight and size of light
trucks might do more harm to caroccupants and pedestrians than it does good for theoccupants
ofthe light trucks.

1.3 Factors that confound size-safety analyses

The most important confounding factor in size-safety analyses isthat young drivers, onthe
average, drive substantially lighter cars and trucks than older drivers, and females drive lighter
vehicles than males. Driver ageand gender arebothhighly correlated with fataUty risk. Size-
safety analyses must control forage and gender, otherwise, they will attribute safety problems to
small vehicles that are actually dueto the young drivers who usethose vehicles.

The relationship between age, gender and fetaUty risk isnonlinear, and it varies with the type of
crash, because it is a compositeofat least four factors:

o Annual mileage is highest for drivers inthe20-50 agegroup andis fairly constant within
thatgroup. Mileage drops steadily after age 50and before 20. Women drive less than
men [6], pp. 15-16.

o Intrinsic vulnerability to fatal injury is lowest at age20 and rises steadily thereafter,
by 2.3 percent peryear for males and 2 percent for females. Atage 20, females are30



percent more vulnerable than males, but by age 60, males and females are about equally
vulnerable [9], pp. 22-28.

o Driving imprecision orerrors that lead to crashes may proliferate due to inexperience,
fatigue, alcohol, or adeterioration of physical capabilities and driving skills. Errors are
frequently committed byyoung, inexperienced drivers; are least frequent from young
adulthood until thebeginning of middle age (ages 25-50); and steadily increase in
frequency for older drivers.

o Driving intensity oraggressiveness ismanifested byintentional driving near the limits
ofavehicle's performance: high speeds, foUowing vehicles closely, passing, turning left,
orchanging lanes when the space between vehicles islimited. Intense driving reduces
the margin of error and increases accident risk. While it isdifficult to quantify driving
intensity, it isundoubtedly highest for young drivers and it decreases steadily with age; it
hasbeen higher for males than for females.

Most age-gender groups score high on some factors and low on others. For example, young
males are high onmileage and intensity, butlow onvulnerabUity. In general, though, drivers in
the 30-50agerange havethe lowest composite fetaUty risk.

A typical pattern of fetaUty risk by age and sexis shown inFigure 1-1 (which graphs the
logarithm ofthe fetaUty rate relative to "induced-exposure" crashes in 11 States, based on
methods developed in Chapter 2 ofthis report). The data points for males and females each
come relatively close to an "asymmetric V witha flat base." The fatality risk for male drivers is
reasonably constant between ages 35 and 50. Belowage 35, the riskincreases at a strong, almost
Unear rate as the drivers get younger. Above age50, the riskalso increases, but not as strongly.
The fataUty risk for female drivers is nearly constant betweenages 35 and 45, andit is weU
belowthe risk for males. Belowage35, the riskincreases in a manner similar to the pattern for
males. A straight line, parallel to the line for males, fits the data reasonably weU. At the higher
ages, however, the risk for females catches up withthe risk for males. The right part ofthe "V"
for females hasa steeper slopethan for males, and it starts sooner (45 rather than 50).

The relationship varies by crash mode. Rollovers are typicaUy associated with intense driving,
and they are prevalent among young drivers. The left side ofthe "V" is especially steep, while
the right side (the portion for older drivers) is flat or might even point downwards. Analyses of
roUovers that do not control for driver age are stronglybiasedin favor ofthe larger vehicles,
which tend to have older drivers. Even intense drivers, on the other hand, keep a respectful
distance from bigtrucks. Theseimpacts are moreUkely to result from unintentional driving
errors, and theyare amajor problem witholder drivers, not young drivers. The "V" is steeper on
the right than onthe left. Analyses ofcoUisions ofpassenger cars with bigtrucks that do not
control for the ageofthe car driver are actuaUy biased against the larger cars, which tendto
have older drivers.

Geographical region is a confounding factor that may result inabias against the larger vehicles.
The heavily urbanized northeastern and Pacific States havelow fatality rates and anabundance
of small carsandtrucks, while the southernand interior western States have higher fetaUty rates



FIGURE 1-1

LOGARITHM OF THE FATALITY RATE, BY DRIVER AGE AND SEX

(M=male, F= female)
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and, on the average, somewhat larger vehicles.

Some vehicle design features are sUghtly confounded with car size and also have a direct or
indirect relationship with fetaUty risk. For example, air bags reduce fataUty risk in frontal
crashes and, initiaUy, were more Ukely tobe instaUed in large than in smaU cars. Sport-utiUty
vehicles (SUV) attract more intense drivers than vans, and they tend to behghter than vans, on
the average. Other vehicle design features include ABS, type ofdrive train and car body type.

Driving intensity and imprecision vary from one individual to the next, and they even vary over
time for the same individual. Intensity isgenerally higher for young males, at night, onhigh
speed roads, and for two-door cars and SUV. But, ofcourse, not all young males drive intensely,
nor are all older drivers error-prone, etc.

It isweU-known thatcertain make-models of passenger cars and Ught trucks attract innately
aggressive drivers and/or perhaps even stimulate average drivers to drive more intensely than
usual. Those models include sporty cars - convertibles, two-seaters and high-horsepower two-
door coupes - and certain Sport Utility Vehicles. There isa widely-held view that the "typical"
light caris sporty, and vice-versa, and that, asa consequence, thehigher fatality rates of light
cars arereally because they aresporty or high-performance, notbecause they are light. (For
example, thepeer-review report states onp. 5,"Insofar asmore aggressive drivers tend to drive
smaUer cars...the effect ofaggressiveness is incorrectly incorporated into the estimated effect of
weight-such that reductions inweight appear to have a greater impact onfetahties thanis infeet
true.") In feet, most ofthe sportyor high-performance vehicles withreasonably highsales
volumes are somewhat heavier than the average vehicle on the road. Thus, as we shall see in the
sensitivity testsof Section 6.5, the"sports/high performance" factor is actuaUy a modest bias
against heavier cars, notagainst Ught cars.

Vehicle age andcalendar yearmay interact with fataUty risk. In general, oldervehicles have
fewer fetahties peryear, but more permile (they are driven less). Some calendar years, such as
1992, are saferthan others for aU vehicles. If, as in the case ofUght trucks, averagemass is
changing overtime, theremay alsobe interactions of mass withvehicle age andcalendar year,
possiblybiasingthe analyses.

1.4 Analysis strategies and data sources

Theideal measure of riskis the number of fatalities per 100million miles,adjusted for driver
age, sex, and theother confounding factors described above. Another measure, thenumber of
fatalities per 100 reported crashes, isless desirable. It does not address crash avoidance
capabilities, butonly therisk ofa fetaUty given thata crash has occurred. Vehicle A might be
safer than Vehicle B because it has fewer crashes, even though both vehicles have the same
fataUty rateper 100crashes. SpecificaUy, large carshave far fewer roUovers per miUion miles
than smaU cars,but the fetaUty risk per 100roUovers is aboutthe same, or evenhigher in the
large cars.

The fataUty risk per 100 reported crashes can also bebiased byvehicle-to-vehicle differences in



crash reporting. To begin with, the legal threshold for crash reporting is typicaUy aspecific
dollar amount ofdamage. Vehicles with expensive parts (large cars) are more likely to have
damage in excess ofthe threshold than vehicles with inexpensive parts (small cars). Secondly
the same impact can result in different extents ofdamage on different vehicles. An impacltiiat
trivially dents arugged pickup truck, and goes unreported, might have disabled asmaU, Ught car.
Finally there is amotivation to avoid the paperwork and other burdens ofcrash reporting Many
borderiine-reportable crashes go unreported. Intuitively, it seems that reporting rates wiU be
lower when owners are less fastidious about their vehicles -e.g., when they are no longer brand-
new. The net result is that large, elegant, expensive vehicles, such as brand-new luxury cars,
may have high reporting rates for low-level crashes, and, as aresult, few fetahties per 100
reported crashes. Large, rugged, utilitarian vehicles, such as five-year-old full-sized pickup
trucks may have relatively few reported low-level crashes. Since the crashes that ai& reported
are, on the average, fairly severe, the fataUty rate per 100 reported crashes is high.

The ideal measure ofrisk being fetahties per 100 miUion mUes, the ideal data base ought to
include every mile traveled by every vehicle in the United States. Every mUe negotiated without
afetal crash would constitute a"success" and every fatal crash involvement would be a failure.
The mass ofthe vehicle, the age and sex ofthe driver, the time ofday, the highway speed limit
etc would be known for every fetal crash and for every successfully negotiated vehicle mile. A
logistic regression analysis would caUbrate the ratio of"feUures" to "successes" as afunction of
vehicle mass, driver age and sex, etc. The regression equation makes it possible to estimate the
fataUty risk per 100 mfflion mUes, as afunction ofvehicle mass, ifall other factors are held
constant.

Ofcourse, the ideal data base does not exist. There is no national census ofthe annual mileage
driven by individual vehicles, let alone the characteristics ofindividual miles (age and sex of
driver time ofday, etc.). Apossible substitute for acensus ofnules would be an exposure data
base- aprobability sample ofvehicle sightings on the nation's roads, specifying the make-model
ofthe vehicle the age and sex ofthe driver at the time the vehicle was sighted, the tome ofday,
type ofroadway, etc. While an exposure data base is at least theoretically obtainable, none is
currently available or planned.

Since analyses offetaUties per 100 miUion mUes are not feasible, another measure ofrisk must
be selected FataUties per million vehicle years, at first glance, are an acceptable substitute. R
L Polk's National Vehicle Population Profile is acensus ofcars and Ught trucks registered in the
United States, classified by make-model, model year, registration State, and some other vehicle
parameters [26]. In combination with fetal accident data, it is possible to compute fetaUty rates
by make-model and, ultimately, by vehicle weight. Polk data, however, provide no information
about the age or gender ofvehicle owners. Even ifthey did, the information would be oflittle
value since the owner is not necessarily the driver. Intuitively, vehicle nines can readUy be
classified by driver age and sex, time ofday and roadway type; vehicle years cannot That
makes it impossible to perform alogistic regression analysis of"feUures" (fetal crash
involvements) and "successes" (vehicle years without afetal crash involvement) as afunction of
vehicle mass, driver age and sex, etc. Any information on driver age and sex, for vehicles not
involved in fatal crashes, would have to come from adata source other than Polk, and it would
be in the form ofaverages at the make-model level, not data on individual vehicles.



The two preceding methods were based on direct measures ofexposure: vehicle miles or vehicle
years Athird method uses "induced exposure" as asurrogate for vehicle mUes or years. Units
of induced exposure are crash involvements: typicaUy, involvements as anonculpable vehicle in
amultivehicle coUision [5] (or, more narrowly, avehicle that was standing stiU and got hit by
somebody else). The rationale is that such avehicle did nothing to bring about the collision, but
got involved in the coUision merely because "it was there." These involvements are said to be a
surrogate for exposure, because they measure how often avehicle "is there" where it can be hit
by other vehicles. Avehicle driven 20,000 miles per year should have twice as many induced
exposure crashes as avehicle driven 10,000 miles per year under similar conditions.

The great advantage ofthe induced-exposure method is that the units ofexposure are crash
involvements. The age and sex ofthe driver, the time ofday and roadway type are aU known.
Logistic regression can be appUed directly, with fatal involvements defined as "feUures" and
induced-exposure crash involvements defined as "successes." The regression equation makes it
possible to estimate the fetaUty risk per 100 induced-exposure crashes, as afunction ofvehicle
mass, if all other factors are held constant.

Nevertheless, the induced-exposure method has critical flaws. The induced-exposure crash rate
is highly sensitive to many factors other than avehicle's mileage. Specifically, it depends on the
density oftraffic where the vehicle is operating. Manhattan tiudcabs wUl have many induced-
exposure crashes per miUion mUes, and few fetahties per 100 induced-exposure crashes. Pickup
trucks in rural Wyoming have few induced-exposure crashes per miUion miles, because there are

' so few other vehicles on the road tohit them, and many fetahties per 100 induced-exposure
crashes. Even at asingle location and time, the induced-exposure crash rate will vary from
driver to driver. An aggressive young male driver will have few induced-exposure crashes per
milUon miles because he rarely stands stiU long enough to get hit by somebody else.

Moreover, induced-exposure crashes, like any other kind ofpoUce-reported, nonfatal crashes, are
subject to vehicle-to-vehicle differences in reporting rates. As noted above, large, rugged,
utilitarian vehicles, such as big pickup trucks and vans, may have relatively few reported low-
level crashes ofany type, including induced-exposure crashes - and there is no way to estimate
the extent ofunderreporting directly from the accident data. Finally, the "fatality rate per 100
induced-exposure crashes" is asomewhat artificial measure ofrisk, whereas the fataUty rates per
100 miUion mUes, or per milUon years, are natural measures that are much easier to visualize and
explain.

In view ofthe preceding considerations, three separate analysis strategies will be pursued.
Chapters 2and 3present logistic regression analyses offetahties per 100 induced-exposure
crashes, based onaccident data from 11 States:

Florida DUnois Louisiana
Maryland Michigan Missouri
New Mexico North Carolina Ohio
Pennsylvania Utah

Those are the States whose accident files are avaUable for analysis at NHTSA, and where the



Vehicle Identification Number (VDJ) is reported on most vehicle records. The VTN »essential
for wrrecVSentification ofthe make-model, the vehicle mass, body type, and other size
Meters safetyTeatures and equipment. These analyses wiU produce estimates oftheSSsfetwee^vehicle mai ami fetaUty risk per 100 induced-exposure crashes but the
SSs mayTbiased due to vehicle-to-vehicle differences in crash reporting, as described
above.

Chanter 4 based on State accident data and Polk registration data for the preceding 11 States,
Saes rateofinduced-exposure crashes per 1000 vehicle years -imtiaUy by make-mode
^b^enti%yvehicleweight. T^^^^^}^^^^^
for Dassenaer cars is nearly constant, as afunction ofvehicle weight, after the data areXlLdford'verageandsex. Howeve,-.the.atefor.ighl^^f^^^^
weight increases. In other words, the weight-safety analyses ofChapters 2and 3are
significantly biased against the bigger light trucks.

In Chanters 5and 6, Fatal Accident Reporting System (FARS) accident data [10] and PolkSodateforthe entire United Stetes are jomtly analyzed to obtamfetahtyrate^
nSTvenicle years -by make-model, model year and vehicle body type. As noted above, tiie
P^date aiy nothing about driver age and sex. However, the induced-exposure accident date
for tiieTl StiTs provide information about the distribution ofdriver age and gender, *well as
oAroarameters by make-model, model year and vehicle body type. Aregression analysis
aSrSver'a^sex"* °*« «*«*• fectors to obtain, hopefully, unbiased estimates
ofthe residual relationships between vehicle weight and fatality risk per million years.

1.5 NHTSA's earlier size-safety studies

There have been numerous studies ofthe relationship between vehicle size and safety. Almost
dl ofthem focused on passenger cars, not Ught trucks. Almost aU ofthe*t concluded that
fetahties or injuries increase when mass is reduced. The National Research Councds
comprehensive analysis of fuel economy issues reviewed the size-safety Irterature[2] pp. 47-68.
Teaxty aTl964, statistical analyses by Kihlberg, Narragon and CampbeU showed ahigher
serious-injury risk per 100 reported crashes in smaU cars [22]. The enerjgy crisis of 1973-74sp3Est in tiie size-safety issue. The first statistical analysis at^Awa, perfonned
hv Mela in 1974 T24] He analyzed the driver's serious injury rate per 100 car-to-car crash

St ofthe driver's car, but decreased by 2percent per 100 pound decrease in the weight ofthe
orteVcar Ita 1984, Jones and Whitfield used logistic regression to analyze injury rates per 100
Sriverr^nfroUmg for other variables such as age and sex [14]. Serious injury risk mcreased by
4.1 percent, per 100 pound weight reduction, for unrestrained drivers, and by 2.8 percent for
belted drivers.

NHTSA's most recent size-safety analyses were performed in 1989-91 They include Mengert
^Borener-s analysis of fatal crashes, sponsored by NHTSA [25], and agroup of studies by
NOTSA staff that became the basis for the agency's position on the effect of passenger-car size
on fatality and injury risk [7].
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The Mengert-Borener Model comprehensively addresses the relationship between car size and
fataUty risk The measure ofrisk, fetahties per miUion car years, accounts for crash-avoidance
as weU as crashworthiness effects. Separate analyses address four crash modes which^ together,
comprise essentially aU fatal crashes involving cars: single-vehicle [roUover or fixed object],
coUision with pedestrian/bicyclist, coUisions oftwo passenger cars, coUision ofcar with another
type ofvehicle [light truck, heavy truck, motorcycle]. The date set included model year 1978-87
cars in calendar year 1978-87 FARS and Polk date. "Fatalities" included pedestrians and
occupants ofother vehicles as weU as the car occupants.

Cars were subdivided into six weight groups (< 1950 pounds, 1950-2449 pounds, etc.). In the
three crash modes involving asingle passenger car, arelative fatality risk was obtained for each
ofthe six weight groups: the proportion ofthe fetahties Fs in weight group iwas divided by that
weight group's proportion ofcar registrations Rj. For example, ifcars in the lightest weight
group account for F, =15 percent ofthe single-vehicle crash fatalities and R, =10 percent of
car registrations, the relative risk is 1.5. In the car-to-car crash mode, the relative risk was
obtained for each ofthe 36 pairs ofweight groups: the proportion ofcar-to-car fetahties F^
involving acar ofweight group iand acar ofgroup j was divided by R,Rj. For example, if
coUisions between cars ofthe Ughtest weight group and the heaviest weight group account for
F,6- 1percent ofcar-to-car fetahties, R, =10 percent and R6 =5percent ofcar registrations,
then the relative risk is2.0. With these measures ofrelative risk, Mengert and Borener could
estimate the net effect on total fetehties for any hypothetical future change in the distribution of
car registrations among the sixweight groups.

Their analysis did not adjust for driver age, sex, or any other factor that is confounded with
vehicle mass and correlated with fetaUty risk. This was not as severe ashortcoming in analyses
ofcars ofthe early 1980's as itwould be in analyses ofrecent vehicles, since driver age has
become ever more confounded with vehicle weight [28].

Ifall passenger cars were tobe reduced in weight by 100 pounds, whUe vehicles other than
passenger cars remain unchanged, the Mengert-Borener model predicts the foUowing effects, by
crash mode, onoverall fetahties (car occupants plus the other people involved in the crashes):

Crash Mode

Single vehicle (rollover or fixed-object)
CoUision with pedestrian/bicycUst
CoUision oftwo passenger cars
CoUision ofcar with another type ofvehicle

AU crash modes combined

Effect of 100 Pound Reduction

2.0 percent increase
2.4 percent reduction
0.8 percent reduction
1.0 percent increase

0.5 percent increase

These results provided interesting revelations. The detrimental effects ofweight reduction were
confined tosingle-vehicle crashes and coUisions with larger vehicles (light and heavy trucks).
Thenet societal effect intwo-car coUisions wassmaU: the harm to the occupants ofthe smaUer
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car was offset by the benefit in the larger car. Lighter cars actually reduced ^°£;°r*eSTSven acollision, with pedestrians and bicyclists. The combined effortfor,dl the
cSrrSs wL an increase in fatalities, but proportionately less than many tad feared.
StiU the results betray some anomalies. That a100 pound reduction ™car w«ghrwould red»«
c^arSties Usimply cooperative. The reduction°f^^^tnT^U

downsizing on fetahties. Nevertheless, Mengert and Borener offered onginal and efficacious

Sorm"ppS; and they included fattl injuries to people other than car occupants.
The rest ofthe analyses described here were performed during 1989-91 by NHTSA staff,^andto^sumrnSd in a1991 document presenting NHTSA's conclusion on tie ovrf^effect
rf^ar^OTsafety[71. The largest relative increase in fatalities was observed mKahanesSr« Frontal impacts with fixed objects were considered «control group: a
S2£Sme ensure ofagroup ofvehicles to»«^™^3£ft£
miinver fatalities in aparticular car sue group was compared tothe number of frontal nxeaS£SST»*S^» relative roUover risk. "Size groups" were estabhshed based on
S.rSvridtitwheeU.ase. or acombintfion of ftose parameters. Mtovers--«-*
nTfllhanroiil-event roUovers, even ifthe first harmful event was acollision with afixed objectTl^ertS The study concluded**:..fleet ofmode.£•r!970 ™£**™
mldt vmM exoerience 3300 roUover fatalities per year, while afleet of19S2 cars, averaging

fatality increase for every 100 pound weight reduction.

One weakness ofthe analysis is that frontal fixed-object crashes are apartially flawed control
S^TSSw to^propensity to experience control group crashes should be completely

roUover-reducing benefit oflarge cars.
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crashes increases by 1.3 percent when car weight is reduced by 100 pounds. Since the measure

weight and crashworthiness; crash-avoidance effects are not considered. The NASS data set was
too smaU for astatistical analysis of fatal injury risk.

Klein, Hertz and Borener employed logistic regression to cahbrate drivers'injury risk per 1100
towaway crashes, as afunction ofvehicle weight, driver age and sex, crash mode, and1 otiier
v3es in 1984-87 Texas accident date and 1984-88 Maryland date [231 They studied fatal5£M^andpolice-reported "serious" (K +A) injury rates in three crash modes, nonrdtover
ringle-vehicle (ffced-object) crashes, coUisions between two cars, and collisions ofacar with a
E£ tmck. If each paisenger car in the coUision is reduced by 100 pounds, but all other
vehicles are unchanged, their models predict the foUowing changes mnsk:

Effect of 100 Pound Reduction

Crash Mode Fatalities K+A Injuries

Fixed object 0.9 percent increase not analyzed
Ctflo car nonsignificant 13 percent increase
Car to heavy truck notanalyzed 1.1 percent increase

Since the measure ofrisk is injuries per 100 crashes, the above estimates only take into account
crashworthiness effects. The analyses confirm the Mengert-Borener finding that reducing the
weight ofaU cars on the road has little effect on net feteUties in car-to-car crashes, but it will
significantly increase nonfatal injuries in those crashes, and fetahties in impacts with fixed
objects It was concluded that downsizing the passenger car fleet from 3700 to 2700 pounds was
associated with an increase of633 feteUties per year in single-vehicle nonroUover crashes.

Based on the estimated annual increases of1340 rollover fatalities and 633 single-vehicle
nonroUover fatalities, the agency concluded that "the reduction ofthe average weight ofnew cars
from 3700 to 2700 pounds (or the associated reductions in car length and width) resulted in
increases ofnearly 2,000 fetahties ...per year [7]." In relative terms, that amounts to 1.9 percent
increase in single-vehicle crash fetahties (roUover plus nonroUover) per 100 pound reduction in
car weight -or a0.7 percent increase in overall fatality risk per 100 pound reduction in car
weight. However, NHTSA's 1991 estimate is essentially based on an incomplete analysis since
the relationship ofcar size with fetaUty risk was not studied for three important crash modes:
coUisions ofcars with Ught trucks, heavy trucks and pedestrians.
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CHAPTER 2

FATALITIES PER 1000 INDUCED-EXPOSURE CRASHES IN 11 STATES: DATA

2.1 Analysisobjective
The overaU mission ofthis study is to calibrate the fetaUty risk per unit ofexposure, as a

S£ becaTe"H was there." These involvements are asurrogate for exposure, because they
m^ure^crashes are almost always nonfatal, and they are recorded on State accident file* The State date
can provide basic information, such as the VIN ofthe vehicle, the age and sex °fthe <inver, the
S day and roadway type. The Fatal Accident Reporting System (FARS) Provider more
Sled information about fetal crash involvements in the same States, aUowing identification of
the crash mode. Fatal involvements (in aparticular crash mode) and mduc^-exposure_
hvolvements are assembled into asingle date file. Logistic regression can be apphed^ectiy to
this file with fetal involvements defined as "feUures" and induced-exposure crash invo vements
SaT^successes." The regression equation makes it possible to estimate the fetehty risk per
100 induced-exposure crashes, as afunction ofvehicle mass, ifall other factors are held
constant.

The analysis methods described in Chapters 2-4 do not succeed in producing unbiased estimates
ofthe relationship between vehicle weight and fataUty risk, as we shaU see later on in Chapters 3
and 4. Thus, the primary findings ofthis report are those ofChapters 5and 6. The material m
Chapters 2-4 is nevertheless useful because it provides coefficients for the relationship between
driver age and fetehty risk; these coefficients are used in the Chapter 5-6 analyses. Also, the
Chapter 2-4 results, although displaying evident biases, do provide some confirmation for the
findings ofChapters 5-6. Many ofthe working date sets used in Chapters 5and 6are defined
here.

2.2 Vehicle classification and specifications

The prerequisite for the analysis is aprocedure that identifies vehicles on State files and FARS in
exactly the same way, and specifies the vehicles' mass and other characteristics. The Vehicle
Identification Number (VIN) is the one vehicle identifier that has exactly the same meaning on
FARS and on any State file that reports it. NHTSA has access to 11 Stete files that reported the
VIN during aU or part of 1989-93. Aseries ofprograms must be written that, based entirely on
the VIN identify avehicle's make-model, model year and body type, and specify its weight and
other characteristics. These programs are apphed to FARS and Stete date mthe same way.
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The first oroKram analyzes all VTNs on the accident file and picks out model year 1985-93
oaie^S^Strucks with Gross Vehicle Weight (GVW) *10 000 pounds. Light

characters ofthe VIN, assisted by the fourth character to identify the GVW oflight trucks
Awendi?AJttvahd combinations ofthe first three VIN characters: those that were included
m'the smdy^ aS those that were excluded because they denoted heavy trucks and buses,
motorcycles, All Terrain Vehicles, or vehicles with low sales volume.
The next set ofprograms decodes the first eight characters ofthe VTNs to identify and classify
*^Jm£T£* vehicle is assigned two four-digit codes: its fundamental car [or lightffl^S^S sptmc make-model (MM2). These codes replace any make-model
describes the VTN codes for each oftheir constituent make-models. Appendix Ĉ ™"me
fo^trucks The car groups were originaUy defined in NHTSA's evaluation ofthe New Car
£se^
Each car or Ught truck group comprises one or more make-models sharing abody platform For
examole aU GM Nobody cars (Buick Somerset and Skylark, Olds Calais and Achieva, Pontiac
group is defined -e.g. Honda Accord in 1990, or GM C/K pickups in ^^e^s vntii a
Shared body platform" belong to the same functional class (car, pickup, SUV or van) and
usShWthe same wheelbase, track width and primary drive system (front-wheel^or
rSeerT Different make-models in the same car group are sometimes nearly Unheal
""rpt£^or they may be recognizably different vehicles on the same platform (1985 CadiUac Seville ana
Eldorado, Nissan long-bed and King-Cab pickups).

The specific make-model codes for passenger cars generaUy, but not exactly, follow' tiie i*e-
1991 FA^S amTNASS definitions. It should be noted that the same make-model code may be
isedIfoTtwVqrite different vehicles in two separate car groups, even mthe same year, e.g., 1988
Buick LeSabre H-body sedan or aB-body station wagon.

The specific make-model codes for Ught trucks do not resemble tiie codes orrFARS orNIASS
T^ey are much more detaUed. To m^^

model code.

Fewer than 10 percent of aU light trucks, bu,«—^^^B^SS*
ScTTo^^^^
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and chassis, with aspecialized body built by somebody else, and not described by the VIN.
Since the weight and size ofthese bodies is unknown and may vary alot, the relatively small
number of"incomplete" pickups was usually excluded from the study. "Incomplete vans, on
the other hand, are more numerous, and many ofthem are camper conversions that are about the
same size as the original models. In order to avoid excessive loss ofdata, most ofthem are
included in the study. Appendix Cnotes exactly which incomplete vehicles are included and
which are excluded: the same WW definitions are used for the FARS and the State date, so the
criteria for inclusion are consistent.

Cases with nonvalid VTNs are deleted. To prevent excessive deletions, however, one set of
"minor" errors in the VTN is permitted: ifafield which must have anumeric code has alphabetic
Othe program "corrects" it to numeric 0; likewise Ito 1, Zto 2, Sto 5, Gto 6and Bto 8-and
vice versa if look-alike numeric codes appear in an alphabetic field.

Another program analyzes passenger car VTNs to define the body style (BOD2), which may have
the foUowing values: convertible; 2-door (including 3-door hatchback, 2-door station wagon); 4-
door (including 5-door hatchback); station wagon (with 4doors).

After identification and classification ofthe vehicles based on their VTNs, the next task is to fist
their specifications: the curb weight (CURBWT) in pounds, the wheelbase (WHLBASE) and
track width (TRAKWDTH) in inches, the type ofdrive train (DRVTRAIN) [RWD, FWD,
4WD], the air bag status (ATRBAG) [none, driver, dual], and the Antilock Brake System status
(ABS) [none, rear-wheel, 4-wheel]. An additional specification for passenger cars is the engine
displacement (CUBES) in cubic inches. For Ught trucks, additional variables are the truck type
(TRKTYP) [compact pickup, full-sized pickup, compact SUV, fuU-sized SUV, compact van,
full-sized van, pickup-car] and, for some pickups, the long-bed wheelbase (WHLBASE2).

The most accurate listings ofcurb weights for passenger cars are the official Automobile
Specifications supphed by the manufectiirers through the American AutomobUe Manufacturers
Association (once caUed the Motor Vehicle Manufectiirers Association, or MVMA). The books
list the baseline curb weight ofevery make-model and subseries (level ofdecor) plus the
incremental weight ofeach optional engine and other equipment. Data in these books have been
accurately encoded in the tapes ofR. L. Polk's National Vehicle Population Profile [26], which
lists acurb weight for each combination ofmake, model year, subseries [SERS_ABR], body
style, engine code and, possibly, fuel code. Based on software written for NHTSA's evaluation
ofthe New Car Assessment Program, each combination ofthese Polk codes can be associated
with aspecific car group (CG), make-model (MM2), body type (BOD2) and model year (MY)
[16], pp. 19-20. Registration-weighted averages ofcurb weight were computed by CG, MM2,
BOD2 and MY and entered into alook-up table. (Some weights in the initial table looked
obviously inaccurate. They were corrected based on the trend in earlier or later model years.) In
other words, given aVIN, the classification programs define the CG, MM2, BOD2 and MY, and
the look-up table defines the curb weight. The same procedure was used to define average
engine displacement [CUBES].

Wheelbase and track width of cars are clearly specified inAutomotive News Market Data Books
[3], and they are equal for aU cars in acar group. Information about the drive train, air bags and
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^ S^ ABS to Lh car. AppendixDtabulates the curb
weight, track width and wheelbase for 1985-93 passenger cars.

Curb weieht information is not as readily avaUable for light trucks as for cars^ The Polk filedoe* no??ndu£curb weights for light trucks. Ward's Year Bool.N^*«£» for
adetailed list ofmakes, models and subseries that translates readily to the hgh-tmck-group
?CG] and nXmodel [MM2] codes ofthis study. In each model year, Wards supply acurb
weiirforX"basic" vehicle in aparticular CGandMM2. However, what engine and
Smentrmcluded in the "basic" vehicle (and what engines or equipment are "optional )
SX1 thTmanufecturer and can vary from year to year, resulting; Jt.fluctuations ofthe
reported cu^JSts that may not reflect the trend in the average weight ofvehicles as actually
equipped alid sold Amoderate number ofthe reported weights seem as much as several
hundredpounds out ofline with the pattern ofprevious or subsequent model years, or with the
pattern ofrelated vehicles (e.g., the same truck with 4-wheel drive. The weights were edited to
estebSh smoother trends across model years and across closely related make-models (e^g., for a^dSeVwheel drive model should be consistently 400 pounds heavier than the rear-
wheel drive model). The information was entered into alook-up table ofcurb weight by CG,
MM2andMY.

Wheelbase oflight trucks is accurately specified in Ward's Year Boohr ai; weU as otherpublications, sfis the basic truck type [TRKTYP^ Where ^ M^k grou^
been defined so that aU vehicles in the group have the same wheelbase. But when^*e \TN does
not distinguish between short-bed and long-bed models, the principal variable WHLBASE isme^eXi the short-bed model, and the subsidiary variable WHI3ASE2 (never us*d in^tiie
Sses ofthis report) is measured on the usuaUy rarer long-bed model. Information about the
drivel air bags and ABS is derived from Ward's and from date in aNHTSA evaluation
report [21].

Track widths of light trucks, unUke cars, are not routinely reported in handbooks or year books
ThTmoTextensivVherniation on track widths may be found in adate base ofmeasurements atNHTSA^s^nicle Research and Test Center [12]. Those date do not include£ome high-vdume
nie-models.suchasfuU-sizedGMvans. ^SA^mXl^Ad^rand
those make-models; information on afew others was obtained from NHTSA Research anaMk!^Vd*b Parameter Database (assembled from MVN1A specification books^
FromSource or another, at least an estimate oftrack width was obtained for most light
fmcta^ In iXtrTckwidths are the same fo^
taStes the curb weight, track width and wheelbase for 1985-93 light trucks.

2.3 EPA's weight measurements: trends and comparisons
The Environmental Protection Agency (EPA), as part of its compUance testing for CAFES^suresme actual weighty
♦,n„.i« n-h*out weiaht is generally 300pounds less than the UFA test weigm. ) 1»cs^"^car^a^^nkeUhrJd equipped™«hopuor*cor^urfyv^ for that
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date.

During model years 1985-93, the sales-weighted average weights ofnew passenger cars
and Ught trucks, based on EPA date, were as foUows:

Average Weight

Model Year Passenger Cars

1985 ' 2867

1986 2821

1987 2805

1988 2831

1989 2879

1990 2906

1991 2934

1992 3007

1993 2971

LightTrucks

3560

3513

3497

3587

3658

3810

3716

3869

3901

1985-93 AVERAGE 2891 3679

The average light truck was about 800 pounds heavier than the average car. Between 1985 and
1993 the average car gained 100 pounds, but the average Ught truck, 340 pounds Thus, the
disparity between cars and trucks widened from under 700 to over 900 pounds. The truck
weights in Appendix Eshow that much ofthe growth was within make-models rather than due
to ashift from light to heavy make-models. For example, the Dodgep-150 pickup truck (CG
7102 MM2 7104) grew from 3450 pounds in 1985 to 3732 pounds in 1993. Ford Ranger (CG
7401* MM2 7401) grew from 2600 pounds to 2820 pounds. Chevrolet 4x4 "S" Blazer (CG
7604* MM2 7610) increased from 3139 to 3512. Growth within make-models reflects trends
toward heavier structure, more powerful engines, and additional luxury equipment.

The vehicle weights used in this study, based on Polk and Ward's date for cars and trucks
without optional equipment, are likely to be lower than the EPA weights based on actual vehicles
with typical optional equipment. The sales-weighted average weight for 1985-93 passenger cars
on the NVPP file is 2833 pounds, which is 2percent lower than the 2891 pounds on the EPA
file. The discrepancy between Polk and EPA is small, because the Polk file does take into
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account the weight ofoption.enginesand^^^^^^j^n
equipment. The average weight for 1985-93^ ™*£^^a fflr the discrepancy ispounds, which is 5.5 percent lowf^^^^^ However,larger because Ward's orty specifies asingleJJ^™J££ ^ essentially conStenteven for light trucks, the discrepancy is not «""™^and it has^remaui y ^

in this study are less underreported than the truck weights.

2.4 State data reduction
NHTSA has access to 11 Stete accident files that have date on the VINs ofcrash-involved
vehicles during aU orpart of1989-93:

Florida
Louisiana

Michigan
New Mexico

Ohio
Utah

1989-93

1990

1989-91

1989-92

1991-93

1989-93

Illinois
Maryland
Missouri
North Carolina
Pennsylvania

1989-92
1989-92

1989-93

1992-93

1989-93

The VTN-analysis programs can be applied to these files to identify 1985-93 cars and light trucks

Sways in crashes involving two or more vehicles, and they defined in the 11 States are as
follows:

Florida

Illinois

Louisiana

Maryland

be "none."

Vehicle maneuver must be "stopped for traffic control" or "stopped£ora tarn" or
"stoppedin traffic" or "legally parked"; strilong/stiuckauiiiotbe striking.

orunknown ifdefective."

Vemcleinaneuvermustbe^^be "none" or "unknown"; vehicle condition must be "no defects or "unknown u
defective."
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Michigan Driver's intent must be "stopped on road"; hazardous action must be "none"; contributing
circumstance must be "none."

Missouri Vehicle maneuver must be "stopped" or "parked"; contributing factor must be "no
improper behavior."

New Mexico Last driver action must be "stopped" or "parked"; next-to-last driver action must be "does
not apply"; contributing factors - "none"; first harmful event must be "collision of2
vehicles."

N. Carolina Driver action must be "stopped" or "parked"; travel speed must be 0; contributing factor
must be "none stated" or "parked"; citation, violation must be "none"; object struck must
be "none" or"not stated"; vehicle condition must be "not defective," "not stated" or
"unknown ifdefective."

Ohio Person [driver] action must be "stopped to turn," "stopped mtraffic" or "parked"; travel
speed must be "stopped"; conmbuting factor must be "no error" or "not stated"; citation
must be "none"; object struck must be "nothing" or "not stated"; vehicle at fault in the
crash (accident level) cannot bethe number ofthis vehicle.

Pennsylvania Vehicle maneuver must be "stopped"; travel speed must be 0; ifthe prime cause is
"driver" or "vehicle" then the prime-cause vehicle number cannot be the number ofthis
vehicle.

Utah Veluclenianeuvermustbe"remamstopried"or"paA^
contributing factor must be"did notcontribute."

Also, the vehicle must be occupied by aperson in the driver's seat, with known age and sex.
This automaticaUy excludes unoccupied, parked vehicles from the study. Four additional control
variables are defined from the Stete date:

NTTE equals 1ifthe crash occurred between 7P.M. and 7 A.M.; 0 otherwise. This
variable is easyto define fromallofthe Stetefiles.

SURCOND equals 2 ifthe road surface was snowy oricy; 1for "wet" or any other sUppery
condition; 0 otherwise. This variable is easy to define from all ofthe State files.

SPDLTM5S equals 1ifthespeed limit was 55,60or 65; 0 otherwise. InIllinois orNew
Mexico, as a surrogate, equals 1 ifthe road wasrural and/or interstate. In
Michigan, there isnogood surrogate, and aU crashes have this variable setto 0.

RURAL equals 1 ifthe accident location was rural; 0 otherwise. Only Florida, North
Carolina, OhioandPennsylvania havea separate "rural/urban" variable. In
IUinois and New Mexico, the roadway classvariableindicates rural/urban. In
Maryland, the locality variable. InMissouri, thepopulation group variable. In
Louisiana, set RURAL = 1 if population group is "rural or unincorporated" and
locality is "open country, residential scattered or unknown." In Utah, setRURAL
= 1 ifroad class is "rural non-State highway" or locaUty is "farms, fields, open
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country." In Michigan, there isno good surrogate, and aU crashes have this
variable set to 0.

The sample sizes ofinduced-exposure crashes vary considerably from Stete to State, and are as
foUows:

Passenger Cars Light Trucks

Florida 108,122 35,209

Illinois 131,385 36,495
Louisiana 7,113 4,117
Maryland 21,700 6,089
Michigan 78,954 30,254
Missouri 37,427 14,789

New Mexico 7,467 5,373

North Carolina 20,761 7,533
Ohio 83,187 27,779

Pennsylvania 56,825 17,262
Utah 6.930 3,729

TOTAL 559,871 188,629

Samples vary between States due to circumstances such asnumber ofregistered vehicles inthe
State, number ofyears of data inthis study (e.g., one forLouisiana, five forFlorida), accident
reporting thresholds and traffic density (higher in the urbanized Stetes, resulting inmore
multivehicle crashes). TheoveraU samples of 559,871 cars and 188,629 light trucks aremore
than ample for the proposed statistical analyses.

2.5 FARS data reduction

The reduction offetal accident daterequires not only identifying andclassifying 1985-93 cars
and light trucks, but also classifying the type offetal crash they were involved in. Fatal accident
cases areextracted from FARS, rather than directly from the Stete files, to allow a consistent
coding scheme for the type ofcrash. One part ofthe FARS date reduction - vehicle
classification and specifications - is performed exactly as in the preceding section, and is limited
to date from 11 Stetes, each Stete for the range ofcalendar years Usted above. The methods of
the preceding section furnish ahst of1985-93 cars and Ught trucks in fetal crashes, specifying
the curb weight and other characteristics ofthe vehicles, the age and sex ofthe drivers, and the
subsidiary control variables NTTE, SURCOND, SPDLIM55 and RURAL (which are defined
directly from the FARS data, but are set to zero in all Michigan cases, since the Michigan
induced-exposure cases also had them set to zero).

To classify the type offetal crash, however, it is necessary to know the harmful events, impact
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io«i v«hicles or for vehicle records with missing or nonvahd VINs, the BODY.i xr vanaure
c?FMUb£ri taESl** the first step ofthe FARS data reduction crettes two file »
S loi^mand bgh trucks, including all variables in the State data analysis, plus thehaSeve^iL^ct^aVand precrash maneuver, ..dalisting ofevery vehicle »rvolv«l in atw^STKe 11 Statei[during the applicable calendar years, mdicatrng thebaic
body type, precrash maneuver and impact area.

Fatal crashes are classified using the rather detailed two-digit code described in the two pages of
Table1TcZ^rnvZ^g thVee or more vehicles, or multiple vehicles and apedestnan(s) or
where there^s no infoLtion about the •other" vehicle will not be analyzed in this report andSr^. Crashes involving asingle 1985-93 car or hght truck^ •*»J^
SSL. perhaps an unoccupied parked vehicle(s), are grouped into codes 11-17 2 and
sfbted^Ae FARS variables HARM EV (1st harmful event), M.HARM (most harmful
!vem?^AC^^ „ro^rSdi 11; clsio^th pedestrians, bicychsts and other nonmotonsts, 21; andcoS^tTparkedcars,81. AU other single vehicle crashes(with or-^-bse^uent
roUover) are coded 12-17; most ofthose crashes are collisions with fixed objects, but some are
Smsions with trains or animals, immersions and fires, and complex off-road excursions.
For two-vehicle crashes, the "case" vehicle, which is always a1985-93 car or light truck^th a
vaUd VTN and known driver age and sex, is matched up^^"f^,!*!^?^aaccident case, which may or may not be a1985-93 car or light truck If the other v^leisa
motorcycle or all terrain vehicle, the fetal crash type is coded 22. If it is aheavy truck or bus, the
crash type is coded 31-39, depending on the damage location on the case vehicle.

If the "other" vehicle is apassenger car (possibly, but not necessarily 1985-93), the crash type is
coded 41-59, depending on the precrash maneuver (VEH.MAN) and impact locations
OMPACT1) ofeach vehicle. The intention ofdefining so many different codes is not to perform
aseparate analysis ofeach, but to aUow flexibiUty for 8*^*^1110*^
classes The only crashes that are reaUy common are 41 (true head-on), 47 (front straight ahead
uitosTde]J 51 (left to front) and 53 (right to front). Ifthe "other" vehicle is ahght truck, the crash
type is coded 61-79, using the same scheme as above, but adding 20 to each code.

For crash types 41-79, the variables retained in each record depends on the status ofthe "other"
vehicle Ifthe "other" vehicle is not a1985-93 car or Ught truck, or ifit has an unknown or
nonvahd VTN, or ifits driver's age or sex are unknown, aU information about the "otiier vehicle
is dropped from the file after the crash type is coded. The record looks alot like asmgte-vehicle
crash, with information on the "case" vehicle only. But ifthe "other" vehicle is a1985-93 car or
Ught truck with complete specifications and driver information, this material is retained mthe
record, to aUow the use ofthis record in analyses of fetaUty risk as afunction ofthe weights and
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TABLE 2-1

CODES AND DEFINITIONS OF FATAL CRASH TYPES

11-17: SINGLE-VEHICLE NONPEDESTRIAN CRASHES

11 principal (noncolhsion) roUover -includes: ftot-narmful-event roUovers OJARM.EV
- IV first harmful event is contact with curb or ditch (HARM.EV =33,34) and most
harmful event is rollover (M_HARM =1); first and most harmful event» «nb «
ditch, roUover occurred, principal damage is on top ofvehicle (TMPACT2 - 13); tirst
harmful event is "other noncolhsion" (HARM.EV - 7) and most harmful event is
rollover . . _

12 coUision-induced roUover (most-harmful-event, single-vehicle) - includes: first
harmful event is coUision with an animal, or aparked car, or any object other than a
curb or ditch (HARM EV =11,14,17-32,35-46) and most harmful event is roUover

13 frontal impart (TMPACT2 - 11,12,1) with fixed object (M_HARM =17-46),
excluding crash types 11,12 above
side impact (TMPACT2 - 2-4,8-10) with fixed object excluding crash types 11,12
above .

15 other or unknown impact with fixed object excluding crash types 11,12 above
16 coUision with train or animal (M_HARM =10,11) excluding crash types 11,12 above
17 all other non-pedestrian single-vehicle crashes (aU single-vehicle crashes not included

intypes 11-16,21 or 81)

21-22: COLLISIONS WITH SMALL ROAD USERS (PEDESTRIANS, BICYCLISTS,
MOTORCYCLISTS)

21 single-vehicle coUision with pedestrian, bicychst, or other nonmotorist (HARM.EV
= 8,9,15)

22 2-vehicle nonpedestrian coUisions: the other vehicle is amotorcycle

31-39 2-VEHICLE NONPEDESTRIAN COLLISIONS: THE "OTHER" VEHICLE IS ABIG
TRUCK OR BUS (GVW >10,000 POUNDS)

31 impact with big truck: frontal damage to case vehicle (TMPACT2 =11,12,1)
32 impact by big truck: side damage to case vehicle (TMPACT2 - 2-4,8-10)
33 impact by big truck: rear damage to case vehicle (TMPACT2 - 5-7)
39 impart with big truck: other or unknown damage to case vehicle
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TABLE 2-1 (Continued)

CODES AND DEFINITIONS OF FATAL CRASH TYPES

41-59: 2-VEHICLE NONPEDESTRIAN COLLISIONS: THE "OTHER" VEHICLE IS A
PASSENGER CAR

41

42

43

true head-on coUision: each vehicle going straight ahead (VEH.MAN - 1,5,9,16,17;
includes passing, changing lanes, going around acurve), both vehicles impacting
frontally (TMPACT1 = 11,12,1)
front-to-front impact, case vehicle going straight ahead, other vehicle turning
(VEH MAN =2-3,6-8,10-15,98-99; includes aU slow or ^Baammum^

« front-to-front impart, case vehicle straight, other vehicle stopped (VEH.MAN =4,7)
44 front-to-front impact, case vehicle turning, otiier vehicle straight
45 front-to-front impact, case vehicle stopped, other vehicle straight
46 front-to-front impact, both vehicles turning, stopped or unknown maneuver
47 case vehicle front hits other vehicle's side (TMPACT1 =2-4,8-10), case vehicle going

straight ahead , ,
48 case vehicle front hits other vehicle's side, case vehicle turning, stopped or unknown

maneuver A~ri_e-r.
49 case vehicle front hits other vehicle's rear (TMPACT1 - 5-7)
51 case vehicle left side (TMPACT1 =8-10) hit by other vehicle's front
52 case vehicle left side, other vehicle nonfrontel or unknown impact
53 case vehicle right side (TMPACT1 =2-4) hit by other vehicle's front
54 case vehicle right side, other vehicle nonfrontel or unknown impart
55 case vehicle's rear hit byother vehicle's front
56 case vehicle's rear hit by other or unknown part ofthe other vehicle
57 case vehicle other/unknown part hits other vehicle's side
58 case vehicle other/unknown part hits other vehicle's rear
59 aU other 2-veh crashes, including those without any damage information

61-79: 2-VEHICLE NONPEDESTRIAN COLLISIONS: THE "OTHER" VEHICLE IS A
LIGHT TRUCK

61-79 same coding scheme as 41-59; just add 20 when the "otiier" vehicle is alight truck
rather than a passenger car

81: ONE MOVING VEHICLE HITS PARKED VEHICLE(S)

81 colUsion with unoccupied parked vehicle(s) (MJHARM =14)
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TABLE 2-1 (Continued)

CODES AND DEFINITIONS OF FATAL CRASH TYPES

91-99: ALL OTHER CRASHES

91 crash involving 3 or more vehicles (no pedestrians)
98 crash involving 2 or more vehicles, plus pedestrian(s)
99 2-vehicle crash, "other" vehicle isunknown type
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other characteristics of both vehicles in the crash.

A final, crucial variable describes the outcomeofthe crash: the number offatalities. TheFARS
variable FATALS, the total number ofpeople killed inthe crash, includingoccupants ofthe
"case" vehicle, occupants ofothervehicles, andnonoccupants, wiU be usedthroughout the
analyses of thisreport, consistent with the objectives described inSection 1.1 and the approach
ofMengert and Borener reviewed inSection 1.5. TheFARS variables DEATHS (fatalities inthe
case vehicle only) and TNJ_SEV (outcome for thedriver ofthe case vehicle) werealso retained.

Theproductofthe FARS date reduction is four accident files:

(1) The "case" vehicle is a 1985-93 passenger car; the crash typeis 41-79; the "other" vehicle is
a 1985-93 passenger caror Ught truck with vaUd VTN and known driver age and sex; each record
contains information on both vehicles and their drivers, plusaccident-level information (STATE,
NITE, FATALS, etc.): 4,617 records.

(2) The "case" vehicle is a 1985-93 passengercar; the crashtype is 11-99; if the crashtype is
41-79, the "other" vehicle is not model year 1985-93, or does not havea vaUd VTN, or its driver's
age or sex is unknown;each record containsinformation on the case vehicleand its driver only,
plus accident-level information: 17,035 records.

(3) The "case" vehicle is a 1985-93 light truck; the crash typeis 41-79; the "other" vehicle is a
1985-93 passenger car or Ught truck with vaUd VTN and knowndriverage and sex; each record
containsinformation on both vehiclesand their drivers, plus accident-level information: 2,113
records.

(4) The "case" vehicle is a 1985-93 light truck; the crashtype is 11-99;if the crash type is 41-
79, the "other" vehicle is not modelyear 1985-93, or does not havea vaUd VTN, or its driver's
age or sex is unknown; each record contains information on the case vehicleand its driver only,
plus accident-level information: 7,996 records.

In all, thereare 21,652 passenger-car and 10,109 Ught-truck "case" vehicle records avaUable for
the analyses. Note that a FARScoUision between two 1985-93 passenger cars with valid VTNs
wUl appeartwiceon file (1): oncewithVehicle No. 1 as the "case" vehicle and Vehicle No. 2 as
the "other" vehicle, and a second time with Vehicle No. 2 as the case vehicle and Vehicle No. 1
as the other vehicle. The accident-level information wiU be the same in both cases. Similarlya
coUision betweena 1985-93 passenger car and a 1985-93 Ught truck, each with vaUd VTNs, will
appear once on file (1)with the caras the casevehicle and "crash type" inthe 61-79 range, and
once onfile (3)with the light truckas the case vehicle and "crash type" in the41-59 range.

2.6 Unadjusted fatality rates per 1000induced-exposurecrashes

The FARSand State files are combined to form a single date base consisting offetal
involvements and induced-exposure involvements. Before anyregression analyses, it is
appropriate to inspect thebasic patterns inthedata. The cases aregrouped byvehicle weight,
andthe simple, unadjusted fataUty rate (ratioof fetal to induced-exposure involvements) is
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calculated and graphed for each class interval ofvehicle weight.

Figure 2-1 graphs the overaU fetaUty rate (any type offatal ^olv7f)/^PMse?^""*veS weight Cars were grouped into 100-pound weight interval (or 300 pound intervals£
Ae upPrr and lower ends, wherethe data are sparser), with centroids ranging from 180Ho 4100
oounds The vertical axis is the logarithm ofthe fatality rate. Figure 2-1, frankly, does not show
TtTd ofreolced fatalities as weight increases. The "crossed-swords" pattern in the da ais
LSv oecuhar and it reveals what happens when the date are not adjusted for driver age andT$L^£u^ pound r!mge, which have some ofthe highest fetehty rates, are to
aiarse «ctem Ford Mustang, pre-1989 Ford Thunderbird and Mercury Cougar, Chevrolet
CaZo^i^Monte Cario, Sid Pontiac Firebird: vehicles that are well-known for attractingyoZmat^ToAeraggressive drivers. The cars mme 2500-2600 pound range witii very low
fSmeSudetheSher Honda Accord,^
and Subaru wagon: vehicles with areputation for "respons.be" drivers, and atagh level of
urban, daytime use. These factors are strong enough to mask any vehicle-weight trend.
Figure 2-2 limits the fetal accident date to principal rollovers and presents the ratio of roUover
feteUties to induced exposure. Previous studies have shown astrong negative correlation
between vehicle size and roUover risk, and Figure 2-2 certainly confirms that trend. Alas, tiie 80
peiS reduction in roUovers for the largest cars relative to the smallest cars, as shown in Figure
2-2 is too strong. The smallest cars are popular with younger drivers, who>tend to driving
behaviors that lead to roUovers. After control for driver age and sex, it is hkely that the effect of
vehicle weight wiU be notbe as strong.

Figure 2-3 considers coUisions between two passenger cars. FataUty risk is tabulated by the
weight ofthe "case" vehicle. The "other" vehicle is apassenger car ofunspecified weight The
stars represent the risk ofan occupant fatality in the "case" vehicle. As might be expected
occupant fetaUty risk decreases steadily as weight increases. But as the case vehicles get
heavier, they increase the fetaUty risk to occupants ofthe "other" vehicle, as evidenced by the
trend in the circles. Thus, the principal measure offetaUty risk in this report -the totel number
offatalities in the crash (case plus other vehicle occupants), depicted by the solid bullets,
remains virtuaUy constant as the case vehicle's weight increases.

Figures 2-4 -2-6 depirt comparable trends for light trucks. Figure 2-4 graphs the overaU fetal
involvement rate relative to induced exposure. It shows arather unambiguous trend of
increasing fatality rates as trucks get heavier. Here is the first warning that the mduced-
exposure approach ofthis chapter is not suitable with Ught trucks. As explained in Section 1.4,
induced exposure is not a"pure," unbiased surrogate for exposure, and it could even be
confounded with vehicle weight. The upward trend in Figure 2-4 could indicate biases in the
induced-exposure method (induced-exposure crashes oflarger trucks are underreported, resulting
in spurious high fataUty rates), or it could reflect genuine safety problems with larger trucks, or
confounding effects ofdriver age and sex, etc., or some combination ofthese.

Figure 2-5 presents the roUover fataUty rate for tight trucks. Unlike passenger cars (Figure 2-2),
there is no downward trend as weight increases. Since the connection between mass and the
static roUover stability fertor is weaker in Ught trucks than in cars (see Section 1.2), it is not
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FIGURE 2-1

PASSBNGBR CARS
OVBRALL FATAL ACCIDENT RATE PER 1000 INDUCED-EXPOSURE CRASHES
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FIGURE 2-3

FATALITY RATE IN CAR-TO-CAR Co"lSl85! HSR 1000 INDUCED-EXPOSURE CRASHES
FA lix BY HEIGHT OF THE "CASE" CAR

('•' = fatalities in the crash
>ir' = case vehicle occupant fatalities
'O' = other vehicle occupant fatalities)
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FIGURE 2-4

LIGHT TRUCKS

OVERALL FATAL ACCIDENT RATE PER 1000 INDUCED-EXPOSURE CRASHES
BY LIGHT TRUCK HEIGHT
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LIGHT TRUCKS
ROLLOVBR FATALITY RATE PER 1000 INDUCED-EXPOSURE CRASHES
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FIGURE 2-6

LIGHT TRUCKS

FATALITY RATE IN LIGHT TRUCK-TO-CAR COLLISIONS
PER 1000 INDUCED-EXPOSURE CRASHES

BY WEIGHT OF THE LIGHT TRUCK
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surprising to find less association between mass and fatality risk. Also, biases in the induced-
exposure method may be masking any benefits for increased weight.

Figure 2-6 shows fetaUty rates when alight truck collides with apassenger car, depending on
the weight ofthe truck (the weight ofthe car is unspecified). The stars show the fatality rate for
occupants ofthe trucks; appropriately, it decreases as the weight ofthe truck increases. The
circles show the trend in fataUty rates for the car occupants in these crashes. The heavier the
trucks, the more fetahties in the cars. The soUd bullets indicate the overaU fetaUty rate in the
crash.' Figure 2-6 differs from Figure 2-3 in some important resperts. The average hght truck is
800 pounds heavier than the average car. Except for the very smaUest Ught trucks, the
overwhelming majority offatalities in car-truck coUisions are the occupants ofthe cars. Thus,
the circles (car occupant fatalities) and bullets (overaU feteUties) are at almost the same level for
all except the smallest light trucks. Since the car occupant fatality rate increases as truck weight
increases (the circles), so does the overaU fetaUty rate (the bullets).
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CHAPTER 3

FATALITIES PER 1000 INDUCED-EXPOSURE CRASHES
IN 11 STATES: RESULTS

3.1 Logistic regression: setting up the variables
The combined FARS and Stete date base defined in the previous chapter can be used, with
rtriv*Se^formations ofcertain variables, to drive logistic regression analyses of
fet£Xer1000 induced-exposure crashes, by curb weight (or track width, or wheeze)
and %2 of ZnZ variables induding driver age and sex. The procedure is best ulustrated by2example:Sal rollovers ofpasfenger cars, by curb weight It includes setting up the
variables, revising the induced-exposure date base and running the regression.

logistic regression on disaggregate date, usmg ma^
bv tiie LOGIST procedure on the Statistical Analysis System (SAS) [15] The dependentvSle^ROUFAT, has value 0or 1, also called "success" or "failure." In this case, a success
is an involvement in an induced-exposure crash: asurrogate for acar expenencing; aumt of
exposure without afetehty. Each fetaUty in aprincipal roUover counts as a"^ Thus ifa
FARS record is aprincipal roUover (CRASHTYP =11) resulting in one fetehty (FATALS - 1),
one date point with ROLLFAT set to 1is generated from the FARS record; ifthere were two
fetahties RATALS =2), two identical date points with ROLLFAT set to 1are generated from
the FARS record, etc. FARS cases that are not principal roUovers are not used mthis recession.
Every induced-exposure case from the Stete files generates one date point with ROLLFAT set to
0 (success).

Logistic regression uses alarge number of individual observations ofsuccess or fauure,
comprising awide variety ofactual combinations ofthe independent variables, to predict the
probability of failure under any hypothetical combination ofthe independent variables.
SpecificaUy, the model generates an equation which expresses the log-odds ofafiulure as a
linear function ofthe independent variables:

log (fetels/induced exposure) =A0 +A, *CURBWT +A2 *V2 +...

The principal independent variable, in this case, is the curb weight (CURBWT), which is entered
directly, without any transformations. Thus, the regression coefficient wiU indicate the change
in the log-odds ofafetaUty, given aone-pound increase in curb weight. For example, a
coefficient of- .0002 indicates that a 100-pound increase in curb weight is associated with a2
percent fataUty reduction per 1000 induced-exposure crashes:

log(Fw/BEw) = Ao +-.0002*W + A2*V2+...
log (Fw*100/IEw 100) =A0 +-.0002 *(W+100) + A2 *V2 +...

log (Fw+WoflEwioo) - log (Fw/T£w) = -.02
(Fw*ioo/IEw+1oo)/(Fw/IEw) = exp(-.02)=.98
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The most important control variables are the driver's age and sex. As discussed in Section U
me drive^Tge effect is not linear, and it is different for males and females. The age effects for
males and females in the actual date in Figure 1-1 came reasonably close to asymmetric Vs
wMStehE? The risk for males was flat between ages 35 and 50. Below age 35 ,t increased
almost linearly as the drivers got younger. Above age 50, the risk also increased but not as
Sy The'risk for female drivers paralleled the risk for males, at asubstantially low level,
up to age 45. Afterwards, it climbs quickly and catches up with the risk for mate.The nghl
part oftiie "V" for females has asteeper slope than for males, and it starts sooner (45 rather than
50). The data suggest that the effect can be modeled by piecewise linear functions:

FEMALE = 1 for females, 0 for males
YOUNGDRV = 35-AGE for drivers under 35,0 for all others

OLDMAN = AGE-50 for males over 50,0 for all others
OLDWOMAN = AGE-45 for females over 45,0 for all others

Whereas other formulations ofthe age and sex variables - e.g., quadratic and interaction terms
AGE2 and AGE2*SEX -could have been used, the preceding ones were chosen because oftheir
simpUcity, ease ofinterpretation, and high likelihood ofaccurate caUbration during regression
analyses (a potential problem with quadratic terms).

The fetehty rate per 1000 induced-exposure crashes varies greatly from Stete to State, due to
different accident reporting thresholds and levels oftraffic density. With 11 States mthe
analysis, it is appropriate to define 10 variables, ILLINOIS, LOUISIAN, etc., set to 1ifthe crash
occurred in that Stete and 0otherwise; Florida crashes get the value of0for all 10 variables.
Convertibles and two-door cars have higher fetality rates than four-door ™^£££g£
The body-type variable is used to define three dichotomous variables CONVRTBL, TWODOUK
and STAWAGON. AU three are set to zero ifthe case vehicle is afour-door car. Fatality risk
varied from year to year during 1989-93. The calendar year ofthe crash is used to define four
dichotomous variables CY89, CY90, CY92 and CY93. AU are set to zero for 1991 crashes.

Antilock brake systems were associated with an increase in passenger car roUovers [20]. The
control variable ABS4 was defined to be 1for cars with standard, 4-wheel ABS, 0for cars
without 4-wheel ABS (that includes afew cars with rear-wheel ABS), and .5 for asmall number
ofmake-models that had approximately 50 percent optional ABS installation. Since air bags
have Utile effect in roUovers [19], no AIRBAG variable is used in ^J^^0^00^'m 0
analyses that involve frontal crashes, AIRBAG is set to 1for cars witii driver or dualaubagM>
otherwise. Two dichotomous control variables are defined from the drive tram: AWD and FWD
(both are set to zero for rear-wheel-drive cars).

The accident-scene descriptors NTTE, SPDLTM55 and RURAL defined in Section£4 are
ZL dichotomous and may be used directly in the regressions. The surface condition n, used
to^mo dichotomous variables WET and SNOWJCE (both set to zero on_dryroads).
FinaUy vehicle age has been observed to have alog-linear relationship with fetehty rates
3vToVnegative depending on the type ofcrash and the unit ofexposure) once the car is
mor^ay?^^
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old r8l nn 39-41. Two control variables are defined: VEHAGE, set to the actual vehicle age
(CY -MY), but set to zero ifthis is negative; and BRANDNEW, set to 1ifCY sMY, 0
otherwise.

Initial regression analyses also included an independent variable, POWER, which was the ratio
ofthe engine displacement (CUBES) to CURBWT. The rationale was that cars with big engmes
(relative to their weight) attract aggressive drivers. POWER turned out to have astrong
correlation with CURBWT (r =.766), since engine size generaUy grows fester than curb weight.
When two independent variables are excessively intercorrelated, regression analyses can produce
meaningless coefficients. Sometimes, the problem is quickly recognized because one ofthe
regression coefficients will have the "wrong sign" (a countermturtive relationship with the
dependent variable). At other times, the flaw is more insidious. Both regression coefficients can
have the "right sign," but their magnitudes are quite exaggerated because the regression is
"playing offone variable against the other." Analysts are easUy fooled ifthey simply dont know
what the magnitudes "ought to be" or, worse, ifthey erroneously beUeve the effert wOl be strong
("I just know xxxx saves Uves"). In this case, the initial regressions showed strong, but not
obviously unreasonable effects in the right directions for curb weight (more weight =lower risk)
and POWER (more POWER =higher risk). The magnitudes ofthe effects were surprising, but
suspicions were not fuUy confirmed until the regression for pedestrian crashes (where the
expected effert for more curb weight is higher, or unchanged risk) also showed astrong fetaUty
reduction with increasing car weight. Problems Uke these make regression analysis achallenge
and an inexact science. It should be avoided when simpler techniques can do the job. The
analytic objectives ofthis report, however, can only be achieved with regression analyses.

The control variable RURAL was also dropped after initial analyses, because it is somewhat
redundant with SPDLIM55, and because itcould only be defined using surrogate variables in
some ofthe Stete files, leading topossible inconsistencies with FARS and between Stetes.

3.2 Revision of the induced-exposure data bases

The full induced-exposure file of559,871 vehicle records was too large for regression analyses,
given avaUable facilities. Also, it contains inordinate numbers ofcases from Stetes with low
accident-reporting thresholds (Illinois, Michigan and Ohio) and it could give aweight to date
from those Stetes that isoutofline with their share ofthefeteUties. The file was reduced to a
target size of100,000 cases (actual yield: 100,114) by performing simple random sampUng
within each State. The sampling fraction in each Stete was selected to obtain the same ratio of
fatal involvements per 1000 induced-exposure involvements in each Stete. Whereas the fataUty
rate per 1000 induced-exposure involvements varied in the original file from 20.1 in Illinois (low
reporting threshold) to 64.9 in Pennsylvania (high reporting threshold), the rate on the new file is
216 in each Stete. Similarly, the original induced-exposure file of188,629 Ught trucks was
reduced to a target size of50,000 cases (actual yield: 50,037):
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Original
Induced

Fat. Revised Revised

Fatal Rate/ Sampling Induced

Exposure Crashes 1000 Frartion Exposure

Passenger Cars: Creation of 100,000 Case Induced-Exposure FUe

Florida 108,122 5,836 54.0 .2493 26,931
1 A *^/\^

Illinois 131,385 2,638 20.1 .0927 12,202

Louisiana 7,113 281 39.5 .1825 1,255

Maryland
Michigan
Missouri

21,700
78,954
37,427

1,382
1,964
1,873

63.7

24.9

50.0

.2941

.1149

.2311

6,305
8,987
8,654
4 A f A

New Mexico 7,467 412 55.2 .2548 1,850

North Carolina 20,761 1,211 58.3 .2694 5,695

Ohio 83,187 1,919 23.1 .1065 8,935

Pennsylvania
Utah

56,825

6.930

3,688
448

64.9

64.6

.2997

.2985

17,207
2,093

TOTAL

Florida

Illinois

Louisiana

Maryland
Michigan
Missouri
New Mexico

North Carolina

Ohio
Pennsylvania
Utah

TOTAL

559,871 21,652 100,114

Light Trucks: Creation of50,000 Case Induced-Exposure FUe

35,209
36,495
4,117
6,089
30,254
14,789
5,373
7,533
27,779
17,262
3.729

188,629 10,109

77.0

26.0

48.8

95.3

31.8

69.0

90.8

76.3

29.2

85.3

91.2

.3809

.1286

.2414

.4711

.1571

.3411

.4492

.3775

.1444

.4217

.4509

13,374
4,733
1,040
2,848
4,759
5,009
2,461
2,847
4,032
7,331

-L6Q3

50,037

Unlike the situation with passenger cars, the original induced-exposure file of 188,629 cases,
although cumbersome, was still usable in regression analyses. Direct cempansons ofthe
original and revised files were achieved by perforating regressions; for pnncipal roUovers and
Kobject coUisions, each one with the original and the revised ffle. In both cases, there was
less than a10 percent difference between the original and revised files in the regression
coeffidents for the key independent variable CURBWT (a fraction ofone standard deviation for
AotScSite). Coefficients for control variables that have high interaction with fetehty risk,
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such as driver age, NTTE, SPDLIM55 and WET, were identical in the first two significant digits
(less than 1percent discrepancy). Chi-square values for curb weight and significant control
variables were simUar for both regressions. (Ofcourse, the coefficients for the intercept and the
10 Stete variables were quite different, asexpected.)

3.3 Anexample: logistic regression of passenger car rollovers
The date are now ready for the analysis ofpassenger car roUover fetahties by curb weight, as
documented in Table 3-1. There were 971 actual principal-roUover fetal crashes involving
passenger cars. They resulted in 1036 occupant fetahties (1.07 feteUties per crash). So there are
1036 date points with the dependent variable, ROLLFAT =1. As stated above, there are
100,114 records on the revised induced-exposure file. After deletion ofthe very small number of
cases with unknown curb weight, there are 100,028 data points with the dependent variable
ROLLFAT =0. The total number ofdata points in the regression is 101,064. For the data set as
awhole, the log-odds ofaroUover fetality is log (1036/100,028) =-4.57.

Table 3-1 Usts the regression coefficients (betas) for the intercept, the curb weight, and each of
the control variables in the logistic regression analysis on the 101,064 date points. Apositive
coefficient for the independent variables imphes that an increase in the variable is associated
with an increase in fetaUty risk (for ease ofinterpretation, the signs ofthe coefficients have been
reversed from the way they are presented in printouts ofSAS for personal computers).

The regression coefficient for curb weight is -.000248. In other words, a 100 pound weight
increase is associated with a2.5 percent reduction in roUover fatalities. Conversely, a 100 pound
weight reduction is associated with a2.5 percent increase in rollover feteUties. The third column
ofnumbers in Table 3-1, "Wald Chi-Square," attaches a x2 value of6.499 to this coefficient. In
other words, the association between car weight and roUover fetaUty risk is stetisticaUy
significant (p = .0108).

The remainder ofTable 3-1 provides regression coefficients for a long Ust ofcontrol variables.
AU ofthe coefficients are ofplausible magnitude and, ifthey are significant, they are in the right
direction. The great advantage ofdisaggregate logistic regression isthat many independent
variables can be used, aslong asthey are not excessively intercorrelated. The coefficient for
YOUNGDRV (young driver) is +.077, and it is highly significant (x2 = 168.77, p< .01). In
other words, for each year that a driver isyounger than 35, the risk ofa roUover fetaUty (to some
occupant ofthe car, not necessarily the driver) increases by about 8percent. The coefficient for
FEMALE is-.758 (x2 = 94.31, p< .01). Inother words, up to age 45, the roUover risk for
female drivers is1- exp(-.758) - 53 percent lower than for males ofthesame age. The
coefficients for OLDMAN andOLDWOMAN arebothpositive andstetisticaUy significant.
However, the coefficient for OLDMAN is just +.026, indicating only a small increase in roUover
fataUty risk above age 50 (presumably due to increased vulnerability toinjury, not an increase in
roUover crashes). The coefficient for OLDWOMAN is +.057, indicating that the difference in
roUover riskbetween males and females, which was so largeup to age 45, narrowsdown
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TABLE 3-1

LOGISTIC REGRESSION OF PASSENGER CAR ROLLOVER FATALITIES
BY CURB WEIGHT

Dependent Variable: ROLLFAT

ROLLFAT Count

0

1

100028 (induced-exposure involvement)
1036 (rollover fatality)

N of Observations: 101064

Analysis of Maximum Likelihood Estimates (Regression Coefficients)

Indep.
Variable

INTERCPT

CURBWT

YOUNGDRV

OLDMAN

OLDWOMAN

FEMALE

NITE

SPDLIM55.

CONVRTBL

TWODOOR

STAWAGON

VEHAGE

BRANDNEW

ILLINOIS

LOUISIAN

MARYLAND

MICHIGAN

MISSOURI

NEWMEXIC

NORTHCAR

OHIO

PENNA

UTAH

CY89

CY90

CY92

CY93

ABS4

AWD

FWD

WET

SNOW ICE

Regression
Coefficient

-6.6665

-0.00024B

+0.0770

+0.0263

+0.0566

-0.7580

+2.1919

+3.5060

+0.9927

+0.53S9

-0.0470

+0.0151

+0.3752

-0.2053

+0.2273

-0.5218

+1.5514

-0.0212

+1.5007

+0.4456

-0.3528

-1.3370

+1.8514

-0.0753

-0.00129

-0.0825

-0.2389

+0.4583

+1.1859

+0.1186

-1.0564

-1.2335

Standard

Error

0.3817

0.000097

0.00593

0.00873

0.00900

0.0781

0.0740

0.0832

0.2273

0.0804

0.2200

0.0225

0.1182

0.1232

0.3130

0.1842

.1362

.1282

.1560

.1536

.1697

.1595

.1490

.1137

.1085

.1096

.1263

.1580

.3500

.1134

0.1141

0.2522

0.

0,

0,

0.

0,

0.

0.

0,

0,

0.

0.

0,

0,

0.

Wald

Chi-Square

305.1196

6.4990

168.7661

9.0482

39.5268

94.3139

878.5173

1776.5520

19.0673

44.9526

0.0456

0.4546

10.0730

.7771

.5272

8.0219

129.8145

0.0272

92.4925

8.4141

4.3185

70.2462

154.4007

0.4379

0.0001

0.5659

3.5774

8.4181

11.4807

1.0925

85.6877

23.9247

42

Pr >

Chi-Square

0.0001

0.0108

0.0001

0.0026

0.0001

0.0001

0.0001

0.0

0.0001

0.0001

0.8309

0.5002

0.0015

0.0956

0.4678

0.0046

0.0001

0.8689

0.0001

0.0037

0.0377

0.0001

0.0001

0.5081

0.9905

0.4519

0.0586

0.0037

0.0007

0.2959

0.0001

0.0001



considerably thereafter.

Ss es^edaUy Urmted^ss roads, than in stop-and-go city driving.

"baseline" four-door bodystyle.

extensively used for long intercity trips or pleasure dnvmg.

The ten State variables need to be interpreted carefully, bthe revised mduced^osure file, aU
1Stetes have the same overaU fataUty rate, per 1000 induced-exposure crashes The

disnibution of fetal crash modes, however, still varies from State to State -e.g the proportion of
SSeVSInrp^ncipal roUovers. Thus, Illinois, Maryland and Ohio which are more
SSSlS(the "baseline" State), tend to have fewer roUovers (as compared to2££2P^estrian feteUties), and get negative regression coefficient^F«£«-
combines ahigh degree ofurbanization with an abundance of fixed objects (treats.ural
raw it hafan even smaUer proportion ofroUovers, and an even more^negative coefficient.
lSKrolloverfetalities, and positive coefficients. Michigan is aspecial case: since SPDLIM55 had to
bemS^o »revery record (see Secti6n 2.4), the crashes on high-speed roads (where most
rolloversS deluded in the SPDLLM55 =0group, and the proportion ofroUovers is high
by SPDLM55 =0standards. Calendar year has anegUgible effect The.roUover nsk m1989,
1990 and 1992 is about the same as in the "baseline" year of 1991, but the reduction for 1993

taroUoverfeteUtyrisk. The cedent,+.46, is consfc^
which estimated increases ofroUovers in the 25-50 percent range [20] pp. 105-108. Four-wheel
dTve (AvS cars, which are used extensively on rural and unimproved roads have substentially
hicher rollover fetaUty risk, but front-wheel drive cars have about the same nsk as baseline,retwieS SNOWJCE) substantiaUy
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depressed rollover risk relative to induced exposure. These conditions do no^necess^.r^euce
rollovers; they just greatly increase induced-exposure involvements, because drivers may have
more difficulty seeing stopped vehicles, and they certainly have less braking and handling
capabiUty toavoid hitting them.

3.4 Regressions on the size ofthe "case" passenger car
Logistic regressions similar to the preceding one were performed for each ofthe major
subgroups offatal crashes. The results are documented in Table 3-2. In each analysis tiie
"case" vehicles are passenger cars. The measure of risk (dependent variable) is the total number
offeteUties, including occupants ofthe case vehicles, occupants ofother vehicles, and
pedestrians, relative to induced exposure. The key independent variables (measures ofcar size)
are curb weight, track width, and/or wheelbase. The other independent variables (control
variables) include age and sex ofthe case vehicle driver, etc.

The analysis reviewed in the preceding section is CI, the first one Usted in Table 3-2. The first
column, Run Number, was sequentiaUy assigned to aUow easy reference to the various analyses.
The next column shows the type offatal crashes analyzed, and their code, as defined mTable 2-
1 The third column shows the measure ofcar size. Thus, regression CI analyzes roUover nsk
by curb weight. The fourth column is the main result: the percentage change in fatalities
assodated with a100 pound reduction ofcurb weight (or a1inch reduction oftrack width or
wheelbase). Since the regression coeffident for CURBWT in Table 3-1 was -0.000248, the
effect ofa100 pound wdght reduction is a2.48 percent increase in feteUties. The last column
displays the Chi-square(x2) value for the regression coeffident ofthe car-size measure. In
general y2has to exceed 3.84 for statistical significance at the .05 level and 6.64 for
significance at the .01 level. Thus, the effect ofcurb weight in analysis CI is significant at the
.05 level.

RoUover stabiUty is beUeved to be strongly related to track width (rdative to the height ofthe
center ofgravity) and only indirectly related to curb wdght, to the extent that most widecars are
heavy (see Section 1.2). Regression C2 caUbrates rollover fetaUty risk by track width. This
regression is set up just like CI, except with TRAKWDTH instead ofCURBWT as an
independent variable. The effects ofthe control variables are similar to thosein CI. The
regression associates a10.8 percent increase in roUover risk for every inch ofreduction in track
width The x2 statistics, rather than the coeffidents themselves, aUow adirect comparison ofthe
relative strengths ofthe effects. The X2 for track width is 31.33, significant at the .01 level, and
much stronger than the 6.50 for curb weight.

Wheelbase is strongly correlated with both curb weight and track width. It is also beUeved to
have adirect influence on directional stabiUty, which can be afactor in roUover causation.
Regression C3 caUbrates roUover risk by wheelbase, estimating a2.96 percent mcrease in
ro^veTSalities per inch ofreduction in wheelbase. The X2 is 17.19, intermediate between the
results for curb weight and track width.

Regressions CI -C3 make acase that track width is the size parameter most directly associated
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TABLE 3-2

PASSENGER CARS: LOGISTIC REGRESSIONS OF FATALITY RISK BY "CASE" VEHICLE SIZE

measure of RISK- fatalities in the crash, relative to induced exposure
£££ OF SIZE: curb weight, track width and/or wheelbase of the passenger

car "case" vehicle •«>„....
CONTROLLING FOR: driver age asex, car body style *equipment, road aaccxdent

conditions, etc.

Run

No.

CI

C2

C3

C4

C5

Crash Type (Codes)

principal rollover (11)

principal rollover (11)

principal rollover (11)

principal rollover (11)

principal rollover (11)
w RURAL control var

C6 frontal-fixed object (13)

C7 side-fixed object (14)

C8 collision-induced
rollover (12)

C9 hit object (12-17, 81)

C10 hit object (12-17, 81)

Cll pedestrian, bicycle,
motorcycle (21-22)

C12 hit big truck (31-39)

C13 hit another car (41-59)

C14 hit light truck (61-79)

Measure

of Size

(Case Car)

WEIGHT

TRACK WIDTH

WHEELBASE

WEIGHT

TRACK WIDTH

WHEELBASE

WEIGHT

WEIGHT

WEIGHT

Effect per 100
Pound or 1 Inch
REDUCTION (%)

+2.48 per 100 6.50

+10.80 per inch 31.33

+ 2.96 per inch 17.19

-11.10 per 100 {!?)
+18.90 per inch (!?)
+ 5.34 per inch (!?)

+2.62 per 100 6.90

♦ 1.62 per 100 6.53

+ 1.34 per 100 2.14

WEIGHT + .53 per 100 .22

WEIGHT +1.91 per 100 17.36

TRACK WIDTH +2.69 per inch

WEIGHT

WEIGHT

WEIGHT

WEIGHT

45

-1.00 per 100

+2.62 per 100

+ .78 per 100

+3.17 per 100

9.13

3. 45

13,.12

4 .57

34 .53



with rollover risk; curb weight, secondarily, through its correlation with track width. Couldnt a
better case be made by putting all three parameters in the same regression? The problem, of
course, is that they are highly intercorrelated: among these 1985-93 passenger cars the
correlation coefficients are .86 for curb weight with track width, .89 for curb weight with
wheelbase and .79 for track width with wheelbase. When they are entered simultaneously (C4),
it leads to typical "wrong signs" and meaningless results: the "effect" for curb weight is 11 very
large 11 1percent per 100 pounds, in the wrong direction, whUe the effects for track width and
wheelbase, while in the right direction, are double the values in C2 and C3. At least, the results
are so obviously wrong that the analyst will not be tempted to rely upon them.

The RURAL control variable is generally omitted from the regressions, as explained in Section
3.3. Regression C5 shows that the addition ofRURAL to the independent variables has little
effect onthecoefficient for curb weight: 2.62, vs. 2.48 in CI.

Regressions C6 -CIO address single-vehicle nonpedestrian crashes other than prindpal
roUovers: primarily impacts with fixed objects. The first question is whether, and how to
subgroup these crashes. It is best answered by analyzing some subgroups, and checking ifthe
results are consistent. C6 addresses frontal impacts with fixed objects (crash type 13), by curb
weight The control variables are the same as in CI, except that AIRBAG has been added, since
air bags can be expected to reduce risk in frontal crashes. The observed effect is a1.62 percent
increase in feteUties per 100 pound wdght reduction. C7 obtains avery similar 1.34 percent
effect for curb wdght in side impacts with fixed objects (crash type 14). The effects ofthe
control variables in C7 are generaUy intermediate between CI and C6. Although frontal and side
impacts with fixed objects may be due to different causes (the latter are more Ukely to involve
cars that have spun out ofcontrol), the weight effects are consistent.

Collision-induced rollovers (crash type 12) are almost as numerous as principal rollovers (737
vs 1036 on the analysis file). Most ofthem involve initial impact with afixed object. Should
they be grouped with the fixed-object impacts or the principal roUovers? Specifically, do the
factors that make smaU cars so vulnerable to principal roUovers also apply to impact-induced
roUovers? Regression C8 shows only a.53 percent increase in fetaUty risk per 100 pound weight
reduction, and it suggests these crashes are more appropriately grouped with other fixed-object
crashes.

Thus single-vehicle nonpedestrian crashes other than prindpal roUovers are areasonably
homogeneous group. In addition to the preceding categories, they include fixed-object impacts
with other or unknown damage areas and impacts with trains, animals and unoccupied parked
cars (crash types 12-17 and 81 in Table 2-1). Regression C9 associates a1.91 percent increase
in fataUty risk per 100 pound reduction in weight. The effect is statistically significant at the .01
level (X2 - 17 19) although it is somewhat lower than the 2.48 percent increase in principal
roUovers. It is interesting to compare the effects ofthe control variables in the analyses of
principal roUovers (CI) and these crashes: (1) the increase for young drivers is about tiie same in
CI ana C9, but the increase for older drivers is much larger in C9; (2) the trend to higher fetehty
risk in convertibles, 2-door cars, and brand-new cars is higher for roUovers; (3) heavdy forested
Stetes such as Maryland and Pennsylvania, have proportionately more collisions with objects;
New Mexico, Utah and Florida have fewer. AU differences are in the expected direction.
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CIO like C9 analyzes single-vehicle nonpedestrian crashes other than principal roUovers, but
fte ™ oSle is Lk width rather ttan curb weight. The association of feuhty•»*
wTtTck width is stttistauy significant but thex'valueisS;.13^•g*"™*'
17 19 in the regression by curb weight. This is quite acontrast with CI^and C2, where the
re^esrion ofCovers by"curb weight had x' -6-50, but by track wulth, 31.33. tooAer words,
stace curb weight and track width are highly correlated, any finality nsk significant correlaed
So« omfsize parameters will also be correlated with the other one. Nevertheless, rollover
S.p"eara7o be driven prinuuily by track width, while risk in unpads with objects is pnmanly
driven by curb weight.

Pedestrians, bicycUsts, other nonoccupants (equestrians) and motorcyclists are ahomogeneous
group in that they are aU smaUer than passenger cars. Very few ofthe fetahties in collisions
between passenger cars and these road users are passenger car occupants. Lituitively, a
reaction in passenger car weight might even help apedestrian or motorcychst surviv, axrash,
or it might make it easier for the car to steer around the pedestrian Mengert and Boreneri
modelsluggested that reductions in car weight reduce fatality nsk in pedestrian coUisions (see
Section 1.5). RegressionCll supports that finding: it associates a1percent reduction in fatality
risk with a100 pound reduction in car weight. The X2 yalue «3-45, which^feUsjust shortof
statistical significance. The effects ofthe control variables are listed in Table:3-3. They differ
from those in the analyses ofprindpal roUovers (CI), as foUows: (1) pedestrian crashes are more
ofaproblem with old than with young car drivers, whereas roUovers were primarily ayoung-
driver problem (pedestrian impacts are less the result ofaggressive driving than inattentive or
unskiUed driving); (2) the effect ofSPDLIM55 is much less here: rollovers are most common on
high-speed roads, but pedestrian crashes are most frequent in urban areas; (3) 2-door cars are
only sUghtly overinvolved in pedestrian crashes, and brand-new cars, not at all; (4) Florida, with
its abundance ofbicycUsts, motorcycUsts and elderly pedestrians, has higher fetehty rates for
these crashes than almost every other Stete; (5) ABS, which was assodated with asubstantial
increase in roUovers, shows asubstantial benefit here. Again, aU ofthe differences are mthe
expected direction.

By contrast, when cars coUide with big trucks or buses (over 10,000 pounds GVW), almost aU of
the fatalities are in the cars. Regression C12 shows that a100 pound weight reduction for
passenger cars is assodated with asubstantial 2.62 percent increase in fetality nsk. The effect is
statistically significant at the .01 level (x2 - 13.12). The coeffidents for the control variables
indicate that older drivers ofpassenger cars are especiaUy prone to collisions with big trucks,
and that air bags and ABS in the cars reduce the fetaUty risk.

The same method can be used to analyze coUisions between acar and another Ught vehicle: acar
or aUght truck. Curb wdght, driver age, etc. for the "case" vehicle are entered into the
regression, whUe the "other" vehicle is treated as a"black box" ofunknown weight, driver age,
etc., just as in the preceding analysis ofcolUsions ofcars with big trucks. Whereas the preferred
method is to analyze the effects ofthe weight, driver age, etc. for both vehicles (as will be done
in Sections 3.6 -3.8), this method at least has the advantage ofincluding accident cases where all
the variables are known for just one ofthe two vehicles - e.g., coUisions between a 1985-93 car
andapre-1985 car.
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TABLE 3-3

LOGISTIC REGRESSION OF THE FATALITY RATE IN IMPACTS OF PASSENGER CARS
WITH PEDESTRIANS, BICYCLISTS OR MOTORCYCLISTS,

BY CURB WEIGHT OF THE CAR

Dependent Variable: PEDFAT

PEDFAT Count

0 100028 (induced-exposure involvement)
1 2858 (pedestrian, bicyclist or motorcyclist fatality)

N of Observations: 102886

Analysis of Maximum Likelihood Estimates (Regression Coefficients)

Indep. Regression Standard Wald Pr >

Variable Coefficient Error Chi-Square Chi-Square

INTERCPT -4.6169 0.2123 473.1247 0.0001

CURBWT +0.000100 0.000053 3.4518 0.0632

YOUNGDRV +0.0350 0.00354 97.5527 0.0001

OLDMAN +0.0363 0.00354 105.2068 0.0001

OLDWOMAN +0.0571 0.00357 256.6122 0.0001

FEMALE -0.5671 0.0455 155.0002 0.0001

NITE +1.7276 0.0404 1827.9444 0.0

SPDLIM55 +1.1874 0.0499 565.2794 0.0001

CONVRTBL -0.1459 0.1956 0.5561 0.4558

TWODOOR +0.1157 0.0450 6.6278 0.0100

STAWAGON -0.1256 0.1011 1.5435 0.2141

VEHAGE +0.0588 0.0123 22.9952 0.0001

BRANDNEW -0.0197 0.0766 0.0662 0.7969

ILLINOIS -0.4025 0.0695 33.5727 0.0001

LOUISIAN -0.2884 0.1857 2.4120 0.1204

MARYLAND -0.2434 0.0835 8.4996 0.0036

MICHIGAN -0.1292 0.0800 2.6048 0.1065

MISSOURI -0.8934 0.0952 88.0726 0.0001

NEWMEXIC +0.0548 0.1289 0.1809 0.6706

NORTHCAR -0.2835 0.0962 8.6845 0.0032

OHIO -0.4362 0.0848 26.4898 0.0001

PENNA -0.3955 0.0602 43.2028 0.0001

UTAH -0.1747 0.1387 1.5870 0.2078

CY89 +0.0819 0.0652 1.5807 0.2087

CY90 +0.1104 0.0622 3.1500 0.0759

CY92 -0.0490 0.0616 0.6340 0.4259

CY93 -0.0103 0.0675 0.0231 0.8791

ABS4 -0.3229 0.1067 9.1538 0.0025

AWD +0.2789 0.2504 1.2404 0.2654

FWD +0.1042 0.0634 2.6996 0.1004

WET -0.7988 0.0581 189.1855 0.0001

SNOW ICE -1.1138 0.1800 38.2880 0.0001
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Regression C13 analyzes crashes in which the "case" car hit another passenger car. A100 pound
reduction for the "case" car (while the "other" car remains an unchanged "black box") is
associated with amodest 0.78 percent increase in fatality risk in the collision (occupants of
either vehicle), stetisticaUy significant at the .05 level (x2 =4.57). From this result, it may be
inferred that ifboth cars in the colUsion were reduced by 100 pounds, the increase in fatality nsk
would be twice as large (approximately 1.56 percent). The coefficients for the control variables
indicate that car-to-car coUisions are more ofan older-driver than ayoung-driver problem;
female drivers have lower risk than males, but the difference is not as large as in rollovers and
fixed-object crashes.

When the "other" vehicle is aUght truck, regression C14 associates a3.17 percent increase in
fataUty risk for every 100 pound reduction in the wdght ofthe "case" passenger car. The effect
is statistically significant at the .01 levd (x2 =34.53), and it is the highest effect for curb weight
in any ofthe regressions ofTable 3-2. The coeffidents ofthe control variables are almost the
same as in the car-to-car analysis (C13). Table 3-2 is the first indication, in this report, that
passenger cars may have substantial size-safety problems in coUisions with big trucks and Ught
trucks.

3.5 Regressions onthe size of the "case" light truck

When the "case" vehicle is aUght truck rather than apassenger car, the analysis method is
essentiaUy the same. Table 3-4, for example, iUustrates the analysis ofUght truck roUovers by
curb weight. The measure ofrisk (dependent variable) is stiU the total number of fatalities in the
crash, relative to induced exposure. The key independent variables are curb weight, track width,
orwheelbase. The control variables are the same as for passenger cars, except the following: car
body style is replaced by truck type, which is expressed as two dichotomous variables, SUV and
VAN (both ofwhich are set to zero ifthe case vehicle is apickup truck). Two distinct types of
ABS exist for light trucks: rear-wheel and four-wheel. ABS2 =1for trucks equipped with the
rear-wheel system; ABS4 =1on trucks with four-wheel systems. Since fewer than 2 percent of
1985-93 trucks were equipped with air bags, the AIRBAG variable was not used, since itwould
add Utile to the model. AWD, indicating four-wheel drive, iskept inthemodel, butFWD is
dropped because theonly trucks with front-wheel drive are compact vans.

There were 991 prindpal roUover crashes ofUght trucks, resulting in 1076 fetahties (date points
with ROLLFAT = 1). The revised induced-exposure date base contains 50,037 records; 89
pickup-cars (such as Chevrolet El Camino and Subaru Brat) are excluded, leaving 49,948
induced-exposure involvements of "true" Ught trucks (date points with ROLLFAT =0). Logistic
regression isapphed to the combined file of 51,024 date points, as shown in Table 3-4.

The unadjusted fetaUty rates discussed inSection 2.6 suggested that theweight-safety
relationship isquite different for Ught trucks and cars, at least relative to induced exposure.
Table 3-4 confirms that finding for roUovers. The regression coeffident for CURBWT is
+.000080. In other words, a 100 pound weight reduction is associated with a 0.8 percent
reduction in roUover feteUties, relative to induced exposure. The effect is not stetisticaUy
significant (x2= 1.42).
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TABLE 3-4

LOGISTIC REGRESSION OF LIGHT TRUCK ROLLOVER FATALITIES, BY CURB WEIGHT

Dependent Variable: ROLLFAT

ROLLFAT Count

0

1

49948 (induced-exposure involvement)
1076 (rollover fatality)

N of Observations: 51024

Analysis of Maximum Likelihood Estimates (Regression Coefficients)

Indep.

Variable

INTERCPT

CURBWT

YOUNGDRV

OLDMAN

OLDWOMAN

FEMALE

NITE

SPDLIM55

SUV

VAN

VEHAGE

BRANDNEW

ILLINOIS

LOUISIAN

MARYLAND

MICHIGAN

MISSOURI

NEWMEXIC

NORTHCAR

OHIO

PENNA

UTAH

CY89

CY90

CY92

CY93

ABS2

ABS4

AWD

WET

SNOW ICE

Regression
Coefficient

-6.7117

+0.000080

+0.0783

+0.0471

+0.0751

-0.2434

+2.0944

+3.6376

+0.3221

-0.1641

+0.0586

+0.4372

-0.5742

-0.3979

-1.2267

+1.0160

-0.3927

+0.9670

-0.1954

-0.9252

-1.4382

+1.2020

-0.0663

-0.1098

-0.3012

-0.2011

+0.0295

-0.2617

+0.2601

-1.0428

-0.3757

Standard

Error

0.2621

0.000067

0.00600

0.00866

0.0135

.0929

.0744

.0871

.0986

.1150

.0258

0.1240

0.1452

0.2806

0.2291

0.1549

0.1270

0.1253

0.1664

0.1866

.1567

.1500

.1183

.1137

.1147

.1264

.1009

.306B

.0975

.1185

.1861

0,

0.

0,

0.

0.

0.

0,

0.

0.

0,

0,

0.

0.

0.

0.

0.

0,

Wald

Chi-Square

655

1

170.

29.

30.

6.

793.

1743.

10.

2.

5.

12.

15,

2,

28

43

9

59

1

24

84

64

0

0

6

2

0

0

7

77

4

50

8354

4238

5699

5762

7582

8617

,4710

,3080

.6739

.0350

.1609

.4243

.6421

.0100

.6802

.0030

.5599

.5624

.3800

.5737

.2348

.2563

.3135

.9334

.89B3

.5292

0853

7276

1221

3807

0764

Pr >

Chi-Square

0.0001

0.2328

0.0001

0.0001

0.0001

0.0088

0.0001

0.0

.0011

.1537

.0231

.0004

.0001

.1563

.0001

.0001

.0020

.0001

.2401

.0001

.0001

0.0001

0.5755

.3340

.0086

.1118

.7702

.3937

0.0076

0.0001

0.0435

0,

0,

0.

0,

0.

0,

0,

0.

0,

0,

0.

0,

0,

0.

0.

0.

0,

0.



Unlike curb weight, the coefficients ofthe control variables close* parallel the results for
n^Lel^roUovers (Table 3-1). The coeffidents are nearly the same for young drivers
f078?^ T7TO) i^ SPDLIM55, BRANDNEW, CY and WET. The coefficients for older
(^ tarifland the various Stetes, although differing in magnitude, preserve then-earlier
r^ttem Ttenewwntxol variables have plausible effects: SUV and AWD are associated with
In that sense, the regression model "works" for Ught trucks.

Thirteen logistic regressions for Ught trucks, comprising rollovers and the other major subgroups
If fatal«£^documented mTable 3-5. THe results are obviously different from cars
ttaWesS Whereas every regression for cars, except in pedestrian crashes showed mcreasing
nskwheiiheight^w^reduced, most ofthe Ught truck analyses show diminishmg nsk as weight
is reduced.

Recessions Tl -T3 analyze prindpal roUovers. Tl is the analysis by curb wdght, discussed

the effect ofcurb weight: 10.80 percent fetaUty increase per mch reduction). Here.the trend is m
the same direction. Areduction in track width is associated with anincrease in Ugh nick
rollover fatalities, but just barely: 0.77 percent per inch. The effect is not snjnificant (x-J3).
Wheelbase (T3) has asUghtly stronger effect, as evidenced by the X2 =3.27, but it is still not
statistically significant.

T4 analyzes nonpedestrian single-vehicle crashes other than principal roUovers (crash types 12-
17 and 81) It is equivalent to analysis C9 for cars. For Ught trucks, a100 pound reduction was
associated with a1.30 percent decrease in fetality risk. Pedestrian, bicyclist and motorcychst
fetahties decreased even when car weight was reduced (by 1.00 percent, analysis CI 1); witii
Ught trucks (T5), the decrease relative to induced exposure is adramatic 4.40 percent per 100
nounds(Y2 =80 07). The only type ofcrash where feteUties increase as Ught truck weight
decreases is the colUsion with big trucks (T6), and the effect of0.49 percent per 100 pounds is
not stetisticaUy significant (X2 - .37). In all ofthese analyses, as for roUovers, the coefficients of
the control variables are plausible, and they generally paraUel those for passenger cars.

Regressions T7 and T8 analyze coUisions between aUght truck and another light vehicle: the
"otiier" vehicle is treated as a"black box" ofunknown weight, driver age, etc. T7 analyzes
crashes in which the "case" Ught truck hit apassenger car. A100 pound reduction for the hght
truck (whUe the car remains an unchanged "black box") is linked with asubstential 340 percent
reduction offetahties in the coUision, statistically significant at the .01 levd (x =101.91).
Most ofthe feteUties in these coUisions are occupants ofthepassenger cars.

In colUsions between two Ught trucks, regression T8 associates a3.30 percent decrease in
fetaUty risk for every 100 pound reduction in the wdght ofthe "case" Ught truck. The effect is
statistical significant at the .01 level (x2 =31.96). From this result, it may be mferred that if
both Ught trucks in the colUsion were reduced by 100 pounds, the reduction in fetehty nsk
would be twice as large (approximately 6.6 percent). WhUe that conclusion may be true relative
to reported induced exposure, it is absurd in any "real" sense. There is simply no way that a
coUision between two 3900 pound pickup trucks is intrinsicaUy twice as dangerous as acollision
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TABLE 3-5

LIGHT TRUCKS: LOGISTIC REGRESSIONS OF FATALITY RISK BY "CASE" VEHICLE SIZE

MEASURE OF RISK: fatalities in the crash, relative to induced exposure
MEASURE OF SIZE: curb weight, track width and/or wheelbase of the light truck

"case" vehicle
CONTROLLING FOR: driver age & sex, light truck type &equipment, road &

accident conditions, etc.

Measure

Run

No. Crash Type (Codes)

of Size

(Case Trk)

Tl principal rollover (11) WEIGHT

T2 principal rollover (11) TRACK WIDTH

T3 principal rollover (11) WHEELBASE

T4 hit object (12-17, 81) WEIGHT

T5 pedestrian, bicycle,
motorcycle (21-22) WEIGHT

T6 hit big truck (31-39) WEIGHT

T7 hit car (41-59) WEIGHT

T8 hit another

light truck (61-79) WEIGHT

T9 principal rollover (11)
w RURAL control var

T10 object, ped, bike, MC
big truck (12-39, 81)

Til object, ped, bike, MC
big truck (12-39, 81)
w RURAL control var

T12 principal rollover (11)
trucks s 4000 pounds

T13 object, ped, bike, MC
big truck (12-39, 81)
trucks « 4000 pounds

WEIGHT

WEIGHT

WEIGHT

WEIGHT

WEIGHT

52

Effect per 100
Pound or 1 Inch

REDUCTION (%)

- .80 per 100

+ .77 per inch

+ .68 per inch

- 1.30 per 100

1.42

.73

3.27

6.84

- 4.40 per 100 80.07

+ .49 per 100 .37

- 3.40 per 100 101.91

- 3.30 per 100 31.96

.70 per 100 1.03

2.30 per 100 47.03

2.30 per 100 44.42

.70 per 100 .36

2.10 per 100 14.60



between two 2800 pound pickup trucks (1.066 "=2.02): intuition suggests the nsks should be
fairly sinular. Thus, regression T8 is perhaps the plainest evidence that the induced-exposure
method does not accurately estimate "true" size-safety relationships, at least for hght trucks.

It is interesting to compare the effects of 100 pound reductions ofcurb weight in corresponding
regressions for cars and Ught trucks:

Principal roUover
Hit object
Ped-bike-motorcycle
Hit big truck
Hit one ofits own kind

Passenger Cars

(CI)
(C9)
(Cll)
(C12)
(C13)

+2.48

+1.91

-1.00

+2.62

+ .78

Light Trucks

(Tl) -.80

(T4) -1.30

(T5) -4.40

(T6) + .49

(T8) .-3.30

PC-LT

3.28

3.21

3.40

2.13

4.08

The observed effect for Ught trucks is 2.13 to 4.08 percent more negative per 100 pounds than
the effect for cars. It is not clear whether there are genuine differences in the size-safety effects
of cars and trucks, or biases in the induced-exposure method, or both.

Regressions T9 -T13 examine two possible sources ofbias. Could it be that the larger trucks are
used more in rural areas, where the crashes are more severe? The inclusion ofthe RURAL
control variable in the analysis ofprindpal roUovers (T9) does not redly change the results from
Tl. Similarly, analyses ofcoUisions with objects, pedestrians or big trucks (crash types 12-39
and 81) produced identical coefficients for curb wdght with (Tl 1) and without (T10) the
RURAL control variable.

The unadjusted fetaUty rates in Figure 2-4 seemed to show especially high fatality rates above
4000 pounds. Perhaps there is some unique underreporting problem for the induced-exposure
crashes ofthe largest Ught trucks. Nevertheless, even when trucks over 4000 pounds are
excluded from the regression analyses ofroUovers (T12) and coUisions with objects, pedestrians
or big trucks (T13), there is no real change in the coefficient for curb weight. Also, adetaUed
examination ofinduced-exposure cases byState, truck type and curb wdght did not show any
anomalies (such as sparse or missing cases above acertain weight) for any particular group of
trucks in any Stete, or even astrong overrepresentetion ofthelarger trucks in rural areas.

Ifthere is aweight-related bias in the reporting ofinduced-exposure crashes ofUght trucks, it
appears to be across the board. It is not confined to trucks above some specific minimum
weight, but tends to get graduaUy stronger as track weight increases. As discussed in Section
1.4, the larger Ught trucks are rugged, and they are not easUy damaged enough torequire
reporting ofthe acddent. Owners are not always festidious about the appearance ofthese tracks,
and they may choose not to report minor, borderUne-reporteble damages. FinaUy, "induced-
exposure" crashes involve atrack standing still and being hit by somebody else. The larger Ught
trucks may have fewer induced-exposure involvements because they are highly visible and look
abit dangerous, motivating other road users to keep asafe distance from them.
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There is Utile doubt that the induced-exposure method produces biased results for light trucks.
However it would be wishful thinking to assume that the results for cars are unbiased
because they "look right," and only the results for trucks are biased, because they lookv^ong" !£ conclusio'ns on the validity ofthe induced-exposure method have to be postponed
to Chapter 4, where the rate ofreported induced-exposure crashes, per million vehicle years, is
computed by vehicle weight. Those analyses wiU reved ifthe rate decreases as car and/or truck
weight increases.

3.6 Regressions on the weight ofboth vehicles: car-to-car
The preferred andysis ofthe weight-safety relationship in two-vehicle crashes is to cdibrate the
fatality risk as afunction ofthe weight ofeach vehicle, continuing; for the age and sex ofeach
driver! etc., plus accident factors such as the time ofday and speed limit, fotmtively this is more
precise than using only the information on the "case" vehicle and treating the "other" vehicle ai; a
"black box" ofunknown weight, driver age, etc. Atwo-vehicle regression is especially desirable
for differentiating the weight-safety effects ofthe striking and the struck vehicle in afront-to-
side impact, or other coUision modes where one vehicle strikes and the other is struck^ The
"feUures" in these regression andyses are the fetel two-vehicle crashes, but what are the
"successes"?

Each record ofafetel two-car coUision wiU consist ofthree groups ofvariables: (1) accident-
level variables, such as State, NTTE, SPDLIM55; (2) information on the "case" vehicle and its
driver (curb weight, age, sex, etc.); (3) information on the "other" vehicle and its dnver. The file
ofinduced-exposure involvements, on the other hand, has only one vehicle per record. The first
task is to transform the induced-exposure data into atwo-car file having the same record
structure asthe fetel two-carcoUisions.

The revised induced-exposure file ofpassenger cars (100,114 records) was classified by tiie five
categoricd acddent-level variables: cdendar year, State, SPDLTM55, NTTE and road surfece.
For any set of specific vdues for those five variables (e.g., 89, Florida, <55, daytime dry), there
is apool ofinduced-exposure vehicle involvements. By simple random sampling without
replacement, pairs ofcars are selected from the pool, until none remain (or the last one is
(liscarded, if there are an odd number). Each selected pair ofcars, togetiier with tiie accident-
level variables, constitutes a"two^mdu(^-exposure record." The file has 49,950 pairs of
cars (214 ofthe 100,114 origind records were not used because they were the last one in apool
with an odd numberofcases).

The rationde for the origind induced-exposure method was that avehicle hit while standing
stiU, just because "it was there," was asurrogate for exposure. The mduced-exposure
involvements measured how often avehicle ofaspecific type "was there" -i.e., at aspecific
cdentoye^ State, time ofday, etc. -where it could be hit by other vehicles The rationde for
Z sa^cXdar year, StiSe, time ofday, etc. Ifdl vehicles that "are there" (at aspecific CY,t*™«ctZ* equd likelihood ofgetting into fetel crashes witii one another, tiie fetal two-car
colUsion file would have about the same vehicle distribution as the two-vehicle induced-

54



exposure file The regression andyses wiU indicate what combinations ofvehicles are
Xnvolv^ in fetel crashes relative to induced exposure. Of course, the caveats about possible
biases with the induced-exposure method apply here, too.

Table 3-6 illustrates the andysis oftwo-car front-to-side impacts, by the curb weight ofeach car.
The file of fetel accidents involving two 1985-93 vehicles, with foU hiformation about both
veWdes and both drivers (see Section 2.5) contained 806 records ofactud coUisions bepveen
two 1985-93 passenger cars in which the front ofthe "case" vehicle impacted the side^ofthe
"other" vehicle. These 806 crashes resulted in 925 occupant fetahties mone car or the otiier. So
there are 925 data points with the dependent variable, TWOCAR =1. The 49 864 records on tiie
two-car induced-exposure file with known curb weights for both cars are the date points with the
dependent variable TWOCAR =0. The totel number ofdata points in the regression is 50,789.

The lower halfofTable 3-6 lists the independent variables and their regression coefficients.The
acddent-level variables, such as NTTE, SPDLIM55, ILLINOIS, CY89 WET and SNOWJCE
are the same as in earher andyses, such as Table 3-1. Each vehicle and driver-evel vanable on
the other hand, appears twice: once for the "case" vehicle and once, immediately following, the
corresponding variable for the "other" vehicle. For example, CURBWT is the weight ofthe
frontdly impacting "case" vehicle; OCURBWT is the weight ofthe side-impacted other
vehicle.

The side ofacar is far more vulnerable than the front. In front-to-dde coUisions, the
overwhelming majority ofthe feteUties are occupants ofthe cars that were struck mthe side.
The regression coefficient for CURBWT is +.000520. In other words, a100 pound weight
increase in the frontdly impacting vehicle is associated with a5.2 percent increase mthe
feteUties in the crash. The coeffident for OCURBWT is -.000542: a100 pound increase in the
struck vehicle reduces feteUties by 5.4 percent. These coeffidents make sense: smce most ofthe
finalities are in the side-impacted vehicle, the best strategy is to make the striking vehicle Ughter
and the struck vehicle heavier.

The regression coeffidents for the control variables are also plausible. The coefficient for
YOUNGDRV is higher than for OYOUNG, but both are podtive: young drivers are espeddly
Ukely to get involved as the fronteUy-impacting vehicle, but they are also more Ukely than 40-
year-old drivers to commit errors that result in being struck. Conversely, the coefficients for
OLDMAN and OLDWOMAN are smaU, but the coefficients for OOLDM (.1148) and OOLDF
(. 1058) are the largest in any ofthe regressions: older drivers are prone toturn or enter
intersections before traffic has cleared, and get hit in the side - and, given aside impact, their
fetaUty risk is high. ABS4 has asubstantial negative coeffident but OABS4 does not: ABS can
help prevent afast-moving vehicle from striking somebody else, but it usuaUy cant prevent a
slow-moving car from getting struck.

Six logistic regressions ofcar-to-car crashes are documented in Table 3-7, indicating the safety
effects of100 pound reductions in the weight ofthe "case" car (CV WEIGHT) and the wdght of
the "other" car (OV WEIGHT). The first andyds, CC1, includes aU colUsions between two
1985-93 passenger cars. It is a"symmetric" andyds in that every fetel crash is used twice: once
with car no. 1(as assigned, perhaps arbitrarily, by the FARS andyst) as the "case" vehicle and
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TABLE3-6

T.OSISTICREGRESSIONOFTWO-CARFRONT-TO-SIDEIMPACTFATALITIES.BYCURBWEIGHTOFEACHCAR LOGISTICREGRESSION"*^vehicle'sfronthitothervehicle'sside)

DependentVariable:TWOCAR

TWOCARCount

0

1

49864

925

NofObservations:50789

(two-car"induced-exposure"datapoints)
(fatalitiesinfront-to-sideimpacts)

AnalysisofMaximumLikelihoodEstimates(RegressionCoefficients)

Indep.Regr.

Var.Coeff.

y,INTBRCPT-5.4295

o»CURBWT+0.00052

OCURBWT-0.00054

YOUNGDRV+0.0636

0Y0UNG+0.0440

OLDMAN+0.0120

00LDM+0.1148

OLDWOMAN+0.0447

OOLDF+0.1058

FEMALE-0.5827

OFBMALE-0.4627

NITE+0.9853

SPDLIM55+1.9160

CONVRTBL-0.0985

OCV+0.0382

TWODOOR-0.0850

02D+0.1746

STAWAGON-0.3218

OSW+0.1278

VEHAGB+0.0422

OVEHAGE+0.0159

BRANDNEW+0.3790

ONBWVEH-0.0957

106.11

29.52

32.63

103.94

38.31

2.90

641.23

45.27

442.36

53.05

25.84

157.23
557.13

0.10

0.01

1.06

4.42

3.08

0.60

3.76

0.54

9.30

0.48

Pr>

X2

0.0001

0.0001

0.0001

0.0001

0.0001

0.0887

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.7544

0.9180

0.3025

0.0355

0.0791
0.4376

0.0524

0.4620

0.0023
0.4887

Indep.Regr.J

Pr>
..2

Var.Coeff.X*X

ILLINOIS-0.36017.380.0066

LOUISIAN+0.68895.800.0160

MARYLAND+0.23812.740.0977

MICHIGAN'+0.653324.980.0001

MISSOURI-0.657817.290.0001

NEWMEXIC-1.65877.990.0047

NORTHCAR-0.39374.920.0265

OHIO-0.28324.090.0432

PENNA-0.30147.610.0058

UTAH•-0.87855.660.0173

CY89+0.02150.030.8562

CY90-0.18572.420.1197

CY92+0.01340.010.9041

CY93+0.22833.670.0555

ABS4-0.30803.60,0.0577

OABS4-0.05350.090.7681

AWD+0.51581.250.2639

OAWD+1.89343.470.0623

FWD+0.04720.180.6694

OFWD-0.22683.810.0510

WET-0.12802.180.1397

SNOWICE+0.696517.060.0001



TABLE 3-7

CAR-TO-CAR COLLISIONS: LOGISTIC REGRESSIONS OF FATALITY RISK
BY THE WEIGHT OF EACH VEHICLE

MEASURE OF RISK: fatalities in the crash (occupants of either vehicle),
relative to induced exposure

MEASURES OF SIZE: curb weight of the "case" vehicle (CV) and curb weight of
the "other" vehicle (OV)

CONTROLLING FOR: each driver's age asex. each car's body style aequipment,
road & accident conditions, etc.

Run

No.

CC1

CC2

CC3

Crash Type (Codas)

all car-car collisions
(41-59)

CV's front hit OV's side
(47, 48)

front-to-front collisions
(41-46)

CC4 CV's front hit OV's rear
(49)

CC5 all except front-to-side
(41-46, 49, 52, 54-59)

Measure

of Size

Effect per

100 Pound

REDUCTION (%) xJ

CV WEIGHT

OV WEIGHT

+ 1.32

+ 1.20

6.54

5.37

CV WEIGHT

OV WEIGHT

- 5.20

+ 5.42

29.52

32.63

CV WEIGHT

OV WEIGHT

+ 1.62

+ 1.38

4.38

3.14

CV WEIGHT did not converge

OV WEIGHT

CV WEIGHT

OV WEIGHT

+ 2.48

+ 2.34

12.34

10.77

MEASURE OF RISK: fatalities in the case yah^e, relative to induced
exposure

CC6 front-to-front collisions CV WEIGHT
(41-46) OV WEIGHT

57

+ 7.95

- 5.70

55.28

26.55



car no 2as the "other" vehicle, and the other time with these roles reversed. One consequence is
that the effects for CV WEIGHT and OV WEIGHT ought to be the same (within the error
margin for the logistic regression dgorithm) -and they are: a100 pound reduction mthe case
vehide is associated with a1.32 percent increase in feteUties;m the "other *ata^
percent Ifdl cars on the road are reduced by 100 pounds -i.e., both the "case and the other
vehicle -the fataUty increase would be about 2.52 percent. Another consequence ofthe
"symmetric" andyds is that the X2 statistics shown in Table 3-7 are based on using each accident
case twice, so they are twice as high as the date redly merit. If the vdues of6.54 and 5.37 are
hdved, they drop outofthe significant range.

Regression CC2, the andyds of front-to-side impacts, has already been documented in Table 3-
6 It is an "asymmetric" andyds: each fetel crash appears ody once, with the frontdly ^
impacting (buUet) car as the "case" vehicle and the side-impacted (target) car as the other
vehicle Thus, the effects for CV WEIGHT and OV WEIGHT can be, and are quite different,
and their y2statistics are "honest." A100 pound reduction in the bullet car decreases fetahties
in the crash by 5.2 percent, statistically significant at the .01 level (x2 =29.52). A100 pound
reduction in the target car increases feteUties by 5.2 percent, dso stetisticaUy significant at the
01 level (x2 - 32.63). However, ifall cars on the road are reduced by 100 pounds -i.e., both the
"buUet" and the "target" vehicle -these effects almost cancel one another, and the net change m
front-to-side feteUties would be close to zero.

CC3 andyzes front-to-front impacts (crash types 41-46). It is a"symmetric" regression, like
CC1 A100 pound reduction in the "case" car, or in the "other" car is associated with about a
15percent fetaUty increase in the crash. Ifboth cars were reduced by 100 pounds, the net
increase would be about 3percent (unlike front-to-side impacts, where the net effect was dose to
zero) When the x2 statistics are cut in half, these effects are nonsignificant. CC4 attempted to
andyze front-to-rear impacts. With ody 105 feteUties in those crashes on the file, the logistic
regresdon dgorithm was unable to converge to asolution. CC5 is a"symmetnc" andysis ofdl
two-car coUidons except front-to-side impacts (i.e., front-to-front, front-to-rear, and aU others):
100 pound reductions in the "case" car, or in the "other" car are associated with stetisticaUy
significant, and fairly substentid 2.4 percent fetaUty increases in the crash.

CC6 differs from dl preceding andyses, in that the measure ofrisk is the number ofoccupant
fatdities in the case vehicle, relative to induced exposure. All front-to-front crashes are
included asinCC3. However, it has become an "asymmetric" andysis. Although each accident
case appears twice on the file, it wiU ody be used twice in the andysis ifthere are fatalities in
both the "case" and the "other" vehicle. The vast majority offetel crashes result in fetehties.in
ody one ofthe vehicles, and wiU ody appear in the andysis when the vehicle with the fetahties
is the "case" vehicle. CC6 Ulustrates the overwhelming importance ofrelative vehicle weight m
front-to-front coUisions. Each 100 pound reduction in the "case" car increases fetehty nsk by
795 percent for the occupants ofthat car, but a100 pound reduction mthe other ^reduces
fatditv risk by 5.7 percent for the occupants ofthe "case" car. Both effects are significant at the
.01 level (X2 =55.28 and 26.55, respectively). Ifboth cars are reduced by 100 pounds, the net
effect isa2.25 percent fetehty increase.

The effects ofthe control variables in this andysis are plaudble. Ayoung driver in the case
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vehicle has Utile net effect on fataUty risk in the case vehicle, because the increase nacodmt
risk is offset by the greater Ukelihood ofsurvivd, given acrash. Ayoung driver in the other
vehicle, however, increases the Ukelihood that there wUl be afetd crash, relative to induced
exposure, and that increases fetaUty risk in the case vehicle. Conversely the presence ofan old
driver in the case vehicle (where high accident risk combines with high fatality nsk) has a
stronger effect on fetaUty risk in the case vehicle than does the presence ofan old dnver in the
other vehicle. An dr bag in the case vehicle reduces fetehty risk in that vehicle, but an air bag m
the other vehicle has little or no effect on fetaUty risk in the case vehicle.

3.7 Regressions on the weight of both vehicles: truck-to-truck
Although fetel coUidons between two Ught trucks are not as frequent as between two cars there
are enough cases for regression andyses, using the same methods. The two-hght-tiuck mduced-
exposure file is constructed by the same procedure as the two-car file and it has 24,901 records
Table 3-8 documents four andyses oftruck-to-truck colUsions. The biases in the hght-truck data
already seen in Table 3-5 extend into dl ofthese andyses, and make it difficult to interpret the
results andthe x2 statistics.

TTl is a"symmetric" andysis ofdl coUisions between two light trucks. The model associates a
4percent reduction in fetaUty risk, relative to induced exposure, per 100 pound reduction in the
weight ofthe "case" truck, and 4.3 percent decrease per 100 pound reduction in the "other' truck.
These are even larger reductions than in andyds T8 (Table 3-5). Front-to-dde coUisions are
andyzed in TT2. A100 pound reduction in the "buUet" truck decreases fetality nsk by 7.3
percent. In the target vehicle, fetaUty risk does not increase (as it ought to), but at least the
"reduction" is ody 2.6 percent. In front-to-front coUisions (TT3), the effect ofa100-pound
reduction in dther truck is about a3.2 percent decrease in feteUties in the crash. The effect for
occupants ofthe case vehicle in front-to-front colUsions is andyzed in TT4: reducing the case
truck by 100 pounds increases the risk to its occupants by 1.17 percent, but reducing the other
truck by 100 pounds decreases risk to the case truck occupants by 7percent. If4percent is
added to dl the effects inTable 3-8, they look somewhat sinular to the results in two-car
coUisions (Table 3-7). That may, however, be acoinddence. At this time, there is no basis for
asserting that the actual bias inthese hght-truck date is4 percent.

3.8 Regressions on theweight ofboth vehicles: car-to-truck
The same methods can also beused to perform regression offetaUty risk in coUisions between a
1985-93 passenger car and a 1985-93 Ught truck, as afunction ofthe wdght ofthe car and the
weight ofthe truck. Ofcourse, the biases in the light-truck date (and perhaps even in the car
date) wiU extend into these andyses as weU, and make itdifficult to interpret the results and the
X2 statistics. Table 3-9 documents four andyses ofcar-to-truck coUidons. They are all
"asymmetric" andyses in that each acddent case is used odyonce: with the passenger car as the
"case" vehicle and theUght truck asthe "other" vehicle. (The same coUision wiU dso appear in
the accident file a second time, with the truckasthe "case" vehicle and the caras the "other"
vehicle, but that record isn't used here.)
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TABLE 3-8

UGHT TRUCK-TO-LIGHT TRUCK COLLISIONS: LOGISTIC REGRESSIONS
OF FATALITY RISK BY THE WEIGHT OF EACH VEHICLE

MEASURE OF RISK: fatdities in the crash (occupants ofeither vehicle), relative to induced
exposure n

MEASURES OF SIZE: curb weight ofthe "case" vehicle (CV) and curb weight ofthe "other
vehicle (OV)

CONTROLLING FOR: each driver's age &sex, each light truck's type &equipment, road &
accident conditions, etc.

Run

No. Crash Type (Codes)
Measure

of Size

Effect per
100 Pound

REDUCTION (%) X2

TTl allUght truck-light truck
coUisions (61-79)

CV WEIGHT

OV WEIGHT

-4.00

-4.30

27.43

31.16

TT2 CVs front hit OVs side
(67,68)

CV WEIGHT
OV WEIGHT

-7.30

-2.60

22.98

2.25

TT3 front-to-front coUidons
(61-66)

CV WEIGHT
OV WEIGHT

-3.00

-3.38

7.68

9.08

MEASURE OF RISK: feteUties in the case vehicle, relative to induced exposure

TT4 front-to-front coUisions
(61-66)

CV WEIGHT
OV WEIGHT

60

+ 1.17

-7.00

.51

23.33



TABLE 3-9

CAR-TO-LIGHT TRUCK COLLISIONS: LOGISTIC REGRESSIONS
OF FATALITY RISK BY THE WEIGHT OF EACH VEHICLE

MEASURE OF RISK: fetdities in the crash (occupants ofeither vehicle), relative to induced
exposure

MEASURES OF SIZE: curb weight ofthe passenger car (the "case" vehicle) and curb weight
oftheUght truck (the "other" vehicle)

CONTROLLING FOR: each driver's age &sex, the car's body style &equipment, the light
truck's type &equipment, road &accident conditions, etc.

Run

No. Crash Type (Codes)
Measure

of Size

Effect per
100 Pound

REDUCTION (%) X2

CT1 aU car-Ught truck
coUisions (61-79)

CAR WEIGHT
TRK WEIGHT

+ 2.57 11.46
-2.90 33.44

CT2 car's front hit
truck's side (67,68)

CAR WEIGHT
TRK WEIGHT

did not converge

CT3 car's side hit by
truck's front (71, 73)

CAR WEIGHT

TRK WEIGHT

+ 2.34 4.53
-4.90 47.19

CT4 front-to-front coUidons

(61-66)
CAR WEIGHT

TRK WEIGHT

+ 2.67 5.65
- .80 1.00

61



The "car-to-light truck induced-exposure file" was constructed as foUows. First, the revised
induced-exposure files of passenger cars (100,114 records) and Ught trucks (50,037 records)
were combined to make a file of 150,151 vehicle records. This filewas classified by the five
categoricd accident-level variables: cdendar year, Stete, SPDLIM55, NTTE and road surface.
For anyset of specific vdues for those five variables, there is a poolofinduced-exposure vehicle
involvements. By simple random sampling without replacement, pairs ofvehicles are selected
from the pool, until none remdn(orthe last oneis discarded, ifthere are an oddnumber). Each
selected pdr is then inspected: ifthe first vehicle is a passenger car and the second vehicle is a
light truck, the record is retdned. Otherwise (if the pdr consists oftwo cars, two trucks, or a
truck followed by a car), the record is simply discarded. The file has 16,369"two-vehicle
induced-exposure" records; the first ("case") vehicle on each record is a car, the second ("other")
is a Ught truck.

Regression CT1 includes aU coUisions inwhichthe casevehicle is a 1985-93 passenger car and
the othervehicle is a 1985-93 Ught truck. A 100poundreduction ofcarweight is associated
with a2.57 percent increase in fetaUty risk inthe crash, significant atthe .01 level (x2 = 11.46).
But a 100 pound reduction oftruck weight is associated with a 2.90 percent decrease in fataUty
risk, dso sigdficant at the .01 level (x2 =33.44). These effects makesense: since Ught trucks
are, on the average, 800 pounds heavier than cars, andsince most ofthe fatdities in these crashes
arethe occupants ofthe cars, the best strategy for reducing feteUties would be to reduce the
weight ofthe trucks and increasethe weight ofthe cars.

CT2 attempted to analyzecrashesin which the front ofa car hit the side ofa truck. Since those
crashes arerarely fetel, there were not enough data for the logistic regression to converge on a
solution. But there aremany fetahties in crashes where the front ofa truck hits the side ofa car.
Almost aU ofthose feteUties areoccupantsofthe cars. CT3 shows that a 100 pound reduction in
the weight ofthe carswiU add another 2.34 percent to their fetaUty risk, while a 100 pound
reduction in the trucks wiU reduce fetaUty risk by a substentid 4.90 percent. CT4 analyzes
front-to-front coUisions between a car and a Ught truck. Reducing the wdghts ofthe carsby 100
pounds does more harmto the caroccupantsthanit benefitsthe truck occupants, andresults in a
net fataUty increase of2.67 percent in the crashes. Redudng the wdghts ofthe trucks by 100
pounds doesmoregood for the car occupants than it does harm for the truck occupants, and
fataUty riskdecreases by 0.80 percent inthe crashes. In general, the results for the car-to-truck
coUidons appear to have less bias than the earUer results for Ught trucks, but that doesnot
necessarily meanthey areunbiased.
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INDUCED

4.1 Analysis objective

CHAPTER 4

EXPOSURE CRASHES PER 1000 VEHICLE YEARS IN 11 STATES

4.1 Analysis OUJCV.HT6

Vehide regis**™ ye»s are, in m**« - ^^™*»^S^S^f
intuitively, aunit ofexposure. R. L. PolksTVonona/ ve"^KJ ^ . . j cdendar year

byvehicle weight

Sat tiie andvsis of feteUties per 1000 induced-exposure crashes, aftercontro ™Jr?X£?

relationships obtained for Ught trucks in Chapter 3have spoiled that hope.
The objective ofthis chapter is to estimate the extent of size-related bias in fetehty rates relative
I mdS eTiuTe The strategy is to compute the incidence rate for the questionable exposure
me^e (mZXposure crashL) relative to aumversdly accepted^»»»^%SF*iEtatfvehicle wdght, controlling (to the extent possible) for anver age and
STtf£ ratio ofinduced exposure to vehicle years is constant^^"J*^,,induced exposure may be considered an unbiased surrogate for exposure. If the ratio dnfts up or
down as weight increases, the extent ofthe drift measures the bias.

4.2 Polk data reduction

National Vehicle Population Profile date were accessed for the same 11 States, in the same
cdendar years that are on the induced-exposure accident files (see Section 2.4):

Florida 1989-93

Louisiana 1990

Michigan 1989-91

New Mexico 1989-92

Ohio 1991-93

Utah 1989-93
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Illinois 1989-92

Maryland 1989-92

Missouri 1989-93

North Carolina 1992-93

Pennsylvania 1989-93



The data-reduction task is «o translate Polk codes too the»*»-^**^£taMtte acddent file There has to be exact correspondence between the fites. any venrcle <*dudeafro^cdLd*. has to be excluded from the registration data. Any veh.de indudeninthe
accident data has to have an equivalent on the Polk rile.

%£££££&%» »»» and updated for to report e^c<nnbWon oftire PoUc
?£ZE5Z with .'specific combination ofthe WW«*•-<-̂ ^
file tiie car group (CG). make-model (MM2). body type (BOD2) and model year (MY). Every
nass!ns£ c£on.the PoUc file was included in the analysis, except low-volume manufacturer
tac3tSh*£e) and uncommon body styles, such as limousines and incomplete vehute.S^SnAppendixBhad an equivalent on the Polk file, and vice-versa (except a
M+SZSLA* Iso 11 P"-l°»8 Hyundai Excel and Mitsubishi Preas were
treated as asingle make-model, since their VINs are the same).

Polk identifies 1985-93 W^*^^<^JW,™^^£^
fMODEL CD) body style (STYL ABR) and drive tram (WHEELS). MODELCDisatourdta?S_Soes^no7appear on other files, such as FARS. The digits themsdves are not self-
SanaCtoP^ttTs in£pretative guide lists make-modd names quite companble to those u,%E3££m£ [32], or^pendixCofthis «port. ™W£fi£Z*
alphanumeric code with many possible values, and its definition was changed m1991 Most ot

H*.finitinn<! in Aooendix C including "incomplete vehicles" (STYL_ABR - CB, ic, mi, vi;ttT^o^wneXwereinLetimAppendixC.^
XHareer vans (such as MY ="motor home cutaway") did not appear to correspond e^ywnh

ontePoMe (except the 1988-93 Mazda 4x4 long-bed pickup tmck), and vice-versa.

£ I !??!mv HQ85 93^ andREGS the number of registered vehicles, as ofJuly 1mthat(bodystyle),MY0985-93),indaW™n ** ffl forUghttrackshas
cdendar year, ofthe specjfiedCG,^^"^^included over 85 milUon
the same vanables, except BOD2. The Polk data ior me 11 o 1985.93 hght trucks,vehicle registration years for 1985-93 passenger cars and 32 million for 1985 93 iignt true
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4.3 Unadjusted accident rates per 1000 vehicle years
Before any regression andyses, it is appropriate to inspect the basic vehicle-weight trend in the
££Tteinduced-exposure crash involvements and the registration^"^ *"**
weight and the simple, unadjusted rate ofinduced-exposure crashes per 1000 vehicle years is
rtSrtnd graphed for each class intervd ofvehicle weight. AU accident rates mthis
cCter^ased Sn the fuU, origind induced-exposure files of559,871 passenger cars and
188,629 light trucks, not on the reduced files used in Chapter 3.

Figure 4-1 graphs the induced-exposure accident rate for passenger cars by vehicle weight.
Cars were Souped into 100-pound weight intervds (or 300 pound intervals at the> upper^and
lowers where the date are sparser), with centroids ranging from 1800 to 4100 pounds. The
Occidents as weight increases, about a2percent reduction (i.e a.02 decrease in the logan hm)
per 100 pounds At first glance, then, induced-exposure crashes are not an unbiased measure of
exposure, because ifthey were, the rate should have been constant across car weights. However,
for passenger cars, there is astrong correlation between curb weight and dnver age (r - .30 on
the induced-exposure file), and annud mUeage fdls sharply as driver age increases. Ifthe date
in Figure 4-1 can be adjusted for age and sex, the trend might become much flatter.

Figure 4-2 graphs the accident rate for pickup trucks. Here, too, the trend is obviously
downwards, and it is even steeper than for passenger cars, about 2.8 percent per 100 pounds.
Figure 4-3 shows the rates for sport utility vehides. The date points are more scattered than for
pickup trucks, because SUVs are aless numerous and more diverse class ofvehicles than
pickups, but tie downward trend, on the average, is about the same as for pickup trucks.

Figure 4-4, the acddent rate for vans, reveds aproblem. Up to 4000 pounds, the rates have the
same decreasing patterns as for pickup trucks and SUVs, but from 4000 pounds onwards (the
starred date points), they increase weU beyond even those for the tightest vans. It was mentioned
above that there were problems relating the Polk codes for the larger vans to the VTN-based
codes used on the accident files. Apparently, the data mismatch: there are accident cases
involving vans for which there are no corresponding registration date. Thus, the overaU accident
rate per 1000 registered vehicles, is high. Since no satisfactory way was found to make the
codes compatible, the larger vans cannot be included in andyses that involve registration date.
AU the subsequent analyses ofthis report exdude vans weighing over 4000 pounds. These
large vans constitute about 5percent ofthe Ught trucks on the accident file.

Figure 4-5 graphs the accident rate for dl light trucks, combined, excluding vans weighing over
4000 pounds. There is aremarkable, almost linear downward trend, running at about 2.7 percent
per 100 pounds. It is stronger than the 2.0 percent downward trend in the passenger cars, yet the
correlation between curb wdght and driver age is weaker for Ught trucks (r =.15) than for cars
(r =.30). Even after adjustment for driver age, the Ught truck acddent rates are likely to show a
substentid downward bias as weight increases.
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FIGURE 4-1

PASSBNQBR CARS .„..,,.
INDUCED-EXPOSURE CRASHES PER 1000 VEHICLE REGISTRATION YEARS

By ^^ WEIGHT
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FIGURE 4-2

PICKUP TRUCKS: INDUCED-EXPOSURE CRASHES,
PER 1000 VEHICLE REGISTRATION YEARS, BY CURB WEIGHT
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FIGURE 4-3

SPORT UTILITY VBHICLBS: INDUCED-EXPOSURE CRASHES,PER^WO^IClHeGISTRATION YEARS, BY CURB WEIGHT
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FIGURE 4-4

VANS: INDUCED-EXPOSURE CRASHES, „_____,
PER 1000 VEHICLE REGISTRATION YEARS, BY CURB WEIGHT
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4.4 Regression analyses
The next task is to perform regression andyses on the induced-exposure accident rates, per 1000
vehicle years, by curb.weight, driver age, sex and other variables. Disaggregate logistic
regresdon as in Chapter 3, but with individud vehicle registration years as "successes and
induced-exposure involvements as "fdlures," is impossible because dnver age and sex is not
defined for individud vehicle years. In fact, the ody information on age and sex is mthe
accident data. One feasible approach is to aggregate the registration and accident data into cells
-egby make-model and model year. These ceUs wiU supply the date pomts for the regression
For each cell (e.g., make-model-model year), the number ofcrashes is divided by the sum ofthe
registrations to obtain an accident rate: the dependent variable. The average age ofthe dnvers in
theinduced-exposure involvements is found for each ceU; dso the percentage ofthe crash-
involved drivers in the cell who are femde, the percent ofinvolvements occurring at night, ete
Thus many independent variables for the regressions can be defined, as ceU averages from the
accident data. An aggregate linear regression is performed on the accident rates and
independent variables defined in the various ceUs.

One problem with aggregate regressions is that when there are many independent variables the
date get spUt up into many ceUs, according to the vdues ofthose vanables. Before long, the
ceUs are too smaU: they have so few accidents in them that the acddent rates are not meaningful.
One way to abate the glut ofceUs is to perform the andysis in two steps. In Step 1, aregression
ofthe accident rates is performed on some ofthe control variables (a short enough hst of
variables to aUow ceUs ofreasonable size), and regresdon coeffidents are obtained for those
variables The origind induced-exposure involvements are wdghted upward or downward,
based on the coefficients. In Step 2, aregression ofthe adjusted acddent rates (obtained by
using the weighted induced-exposure involvements) is performed on curb weight and the control
variables not used in Step 1. The cells in Step 2wiU also be ofadequate size, smce they wiU not
be subceUs ofthe Step 1 ceUs.

Table 4-1 documents the Step 1regression for passenger cars. The independent variables
describe the vehicle's age, the Stete, and the cdendar year, and they are defined exactly as in
Section 3 1. These variables are actuaUy definable on the Polk data as weU as on the accident
date The procedure is to split the Polk and acddent date into cells by Stete, cdendar year and
model year (totel of318 cells). (In each cell, VEHAGE =CY -MY.) The accident rate is
computed in each ceU and its logarithm is the dependent variable. The loganthm is taken
because it tends to have more nearly linear relationships with typicd independent vanables than
does the accident rate itself: Figure 4-5 is afine example. Since some ceUs are more important
than others, because they contdn more date, the regresdon is weighted by REGS, the number of
vehicle registration years in aceU. Weighted linear regression is performed by the General
Linear Model (GLM) procedure ofthe Stetisticd Andysis System (SAS) [30]. R2 for this
regresdon was avery high .96. R2 is not aparticularly meaningful measure offit in regressions
with aggregate data, since it is highly sensitive to the level ofaggregation ofthe data, but .96 is
gratifying under almost any circumstances.

The lower section ofTable 4-1 shows that the Step 1control variables generaUy have plausible,
stetisticaUy significant relationships with the induced-exposure acddent rate. For example,
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TABLE 4-1

PASSENGER CARS: AGGREGATE LINEAR REGRESSIONOF INDUCEM5S CRASHES PER 1000 VEHICLE REGISTRATION YEARS
STEP 1: BY VEHICLE AGE, STATE AND CALENDAR YEAR

Dependent Variable: LOGRATE (logarithm ofthe accident rate)

Aggregation Method: by Stete, Cdendar Year and Model Year

N ofObservations: 318

Wdghting Factor: REGS (N ofvehicle registration years)

REGRESSION COEFFICIENTS

Independent
Variable

INTERCEPT

VEHAGE

BRANDNEW

ILLINOIS

LOUISIAN

MARYLAND

MICHIGAN

MISSOURI

NEWMEXIC

NORTHCAR

OHIO

PENNA

UTAH

CY89

CY90

CY92

CY93

Regression
Coefficient

T for HO:

Parameter=0

Pr > |T| Std Error of

Estimate

•5.153842451 -297.26 0.0001 0.01733811

•0.036073663 -12.45 0.0001 0.00289645

•0.071165805 -3.73 0.0002 0.01909006

0.659493011 39.37 0.0001 0.01675182

0.487165826 9.15 0.0001 0.05324586

-0.366837279 -16.84 0.0001 0.02177872

0.646112793 32.04 0.0001 0.02016577

0.105245041 5.05 0.0001 0.02083990

0.206270737 4.66 0.0001 0.04425203

-0.015989270 -0.63 0.5311 0.02549925

0.439142151 24.60 0.0001 0.01785291

-0.434911963 -28.65 0.0001 0.01518201

-0.249006474 -6.77 0.0001 0.03678406

0.149064930 8.96 0.0001 0.01663988

0.063316951 4.02 0.0001 0.01574288

0.051233250 3.49 0.0006 0.01467291

0.064640644 3.97 0.0001 0.01627533
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VEHAGE (vehicle age) has acoefficient of-.036. The t-vdue for that coefficient is -12 45,^?ceSfsiSmcant (approximately L96 is needed for*^^^"
level 258 at the .01 level). In other words, the mduced-exposure accident rate decreases oy j.o
ne^m ayear as acar gets older -simUar to reductions in annud mUeage as cars age [13L* 3-
S^The negative coefficient for BRANDNEW is surprising at first glance because cars tend to
be drivenafot in their first year. However, many vehicles ofthe latest model year "Sted on the
Poik me (wWch is compiled as ofJuly 1) are on the road for less than afuU cdendar year, and
do not pick up afuU year's worth ofinduced exposure.

Stetes with low acddent-reporting thresholds and/or high traffic densities, such as IllinoisSg^ind OnThave higher rates ofinduced-exposure crashes per 1000 vehicle years than
FtX^eUne" SteteVMaryland and Pennsylvama, with high reporting threshoWs have
iow raterCdendar year 1989 had higher accident rates than dl subsequent years, including
1991, the "baseline" year.

In preparation for the Step 2regression, ^"««,^<ra. *££weight factor corresponding to the inverse ofthe Step 1regression coefficients. For example
consider a2-year-old [model year 1987] car, struck while standing, stiU, in Ilhnois, «c*°to
year 1989. Since the coeffidents for VEHAGE, ILLINOIS and CY89 are -.036, .659 and .149
respectively, this crash wiU not be counted as 1crash in Step 2, but wiU count as

exp(2 x.036 - .659 -.149) =.479 crashes

In other words, since induced-exposure involvements are more common in Illinois and in 1989
than in other places and times, these crashes are weighted downwards to equalize accident rates
across Stetes, cdendar years and vehicle age.

In the Step 2regression, the Polk date and the acddent date (with their weight factors) arespUt
into ceUs by car group (CG), make-model (MM2), body style (BOD2) and model year (MY). A
modest number oflow-volume combinations (fewer than 2000 cumulative vehicle years) are
excluded, because the acddent rates for those combinations might be zero or^^^m-
That leaves 1879 date points for the regresdon. For each date point (CG-MM2-BOD2-MY
combination), the weighted count ofinduced-exposure crashes (i.e., the sum ofthe weight
factors defined above) is divided by the sum ofthe vehicle years to define the adjusted accident
rate The dependent variable is the logarithm ofthat rate. The key independent vanable, curb
weight, is Usted by CG, MM2, BOD2 and MY in alook-up table (Appendix D). The control
variables CONVRTBL, TWODOOR and STAWAGON may be defined directiy from BOD2, as
inSection3.1,andwiUhavethevdue0orl,asinSection3.1. The other control vanables
(YOUNGDRV, OLDMAN, OLDWOMAN, FEMALE, NTTE, SPDLLM55, RURAL, WET,
SNOW ICE) are the wdghted averages for these variables among the induced-exposure crashes
in the cell (and for SPDLIM55 and RURAL, the Michigan cases are not used in computing the
average, since the variables were dways set to zero, there). As in Step 1, the regression is
weighted by REGS, the number ofvehicle registration years in acell.

Table 4-2 documents the Step 2regression for passenger cars. R2 was avery satisfactory .56.
The most important finding is that curb weight has acoefficient of-.000027. In other words,
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TABLE 4-2

STEP 2- BY CURB WEIGHT, CONTROLLING FOR DRIVER AGE, SEX
AND OTHER VEHICLE AND ACCIDENT FACTORS

Dependent Variable: LOGRATE (logarithm ofthe accident rate, cdculatedate.adjusting
P the induced exposure by vehicle age, Stete, and CY, based on the

coeffidents from the Step 1regression)

Aggregation Method: by Car Group, Make-Model, Body Style and Model Year
NofObservations: 1879 (observations with fewer than 2000 vehicle registration years were

deleted)

Weighting Factor: REGS (N ofvehicle registration years)

Independent
Variable

INTERCEPT

CURBWT

YOUNGDRV

OLDMAN

OLDWOMAN

FEMALE

NITE

SPDLIM55

RURAL

CONVRTBL

TWODOOR

STAWAGON

WET

SNOW ICE

REGRESSION COEFFICIENTS

Regression T for HO: Pr > |T| Std Error of
Estimate

Coefficient Parameter-0

-5.121235342 -69.01 0.0001 0.07421046

-0.000026602 -2.26 0.0241 0.00001178

0.027826728 7.18 0.0001 0.00387582

-0.0373B6348 -7.21 0.0001 0.00518451

-0.039741946 -5.94 0.0001 0.00668630

0.030050655 0.50 0.6157 0.05985753

0.595671777 5.17 0.0001 0.11517003

0.167986500 1.00 0.3151 0.16718441

-0.251967958 -2.31 0.0211 0.10913593

-0.300385085 -9.58 0.0001 0.03136161

-0.088259226 -8.34 0.0001 0.01058197

-0.048653406 -2.99 0.0028 0.01626529

-0.046446081 -0.40 0.6888 0.11596491

-0.140287901 -0.46 0.6440 0.30355771
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after controlling for driver age, sex, etc., the induced-exposure accident ateper WOvetack
years decreases by 0.27 percent for every 100 pound increase in curb weigh Although that.bias
fs "atisticdly significant (t for the coefficient is -2.26, p<.05), it is essentidly nil, *Practicaler^ ^regn^sion analyses in Table 3-2 showed effects ofcurb weight ranguif;from-LOO to
Sn percent fetaUty changes per 100 pound reduction in weight. Compared to those effects, a
bias of0.27 percent per 100 pounds is weU within sampling error.

The effects ofthe control variables YOUNGDRV, OLDMAN and OLDWOMAN, are
statisticdly significant, and they appear to have the right direction and magnitude. They are the
mSo'rtTcontrol variables, since driver age is highly correlated with oatM£gbt The
coefficient for YOUNGDRV is +.028 -i.e., the number^^ofmduced-exposureinte p«MO0O
years increases by 2.8 percent for every year that the driver is under 35^ That ^ «*
because younger drivers (except for age 16-17) tend to dnve more tides than 35-50 year-olds
Ttec^SeSTfor OLDMAN and OLDWOMAN are -.037 and -.040, reflecting the feet that
people drive abit less every year, once they pass age 45-50.

The coefficient for FEMALE is anonsignificant +.03. Although women drive less than men,
that is offset because their less aggressive driving makes them more prone to being hit while
standing still. The coefficient of+.60 for NTTE requires careful interpretation. It does not imply
that induced-exposure crashes are more common at mght (in feet, they are less common). In this
regression, NTTE is not entered for individud crashes, but as an average for dl crashes
involving aparticular make-model. The coeffident dgnifies that make-models that tend to get
driven alot at dght, such as Chevrolet Camaro, tend to be driven more, overall, and have more
induced-exposure crashes [during the daytime as weU as at mght] than vehicles that are dnven
relatively more during the day, such as Mercury Grand Marquis. Similar mterpretetions apply to
the coefficients for SPDLIM55, RURAL, WET and SNOWJCE. The negative coefficients for
CONVRTBL and TWODOOR may reflect that these vehicles tend tohave more aggressive
drivers than average, who are less frequentiy struck whUe standing stiU, because they are the first
to move at a green Ught or four-way stop.

The Step 2regresdon in Table 4-3 is the same as in Table 4-2, except that the nonsignificant
variables SPDLTM55, WET and SNOWJCE have been deleted. (Although FEMALE, itself
has anonsignificant effect, the variable is retained because it had been used in the definition of
another, sigmficant variable: OLDWOMAN.) The removd ofthose three control vanables
hardly changes the coeffidents for the remaining variables, and the net bias for curb weight
remains about the same: 0.24 percent per 100 pounds.

Table 4-4 presents the Step 1regresdon for light trucks. The procedure is the same as for cars.
Polk and acddent date for Ught trucks are ceUed by Stete, cdendar year and model year. The
acddent rate is computed in each ceU and its logarithm is the dependent variable. R was .94.
The coeffidents for the Stetes and cdendar years were essentiaUy the same as for passenger cars
(Table 4-1). The ody noteworthy difference is that the coeffident for VEHAGE is about twice
as large for Ught trucks (-.071 vs. -.036), perhaps reflecting astronger drop-off in annud
mileage, as the vehicles get older. In preparation for Step 2regressions, each induced-exposure
crash involvement is given aweight factor corresponding to the inverse ofthe Table 4-4
regression coefficients.
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TABLE 4-3

PASSENGER CARS: AGGREGATE LINEAR REGRESSION
OF INDUCED-EXPOSURE CRASHES PER 1000 VEHICLE REGISTRATION YEARS

STEP 2- BY CURB WEIGHT, CONTROLLING FOR DRIVER AGE, SEX
AND OTHER VEHICLE AND ACCIDENT FACTORS

(without SPDLIM55, WET and SNOWJCE)

Dependent Variable: LOGRATE (logarithm ofthe accident rate, cdculated after adjusting
the induced exposure by vehicle age, State, and CY, based on the
coeffidents from the Step 1 regresdon) .

Aggregation Method: by Car Group, Make-Model, Body Style and Modd Year

NofObservations: 1879 (observations with fewer than 2000 vehicle registration years were
deleted)

Weighting Factor: REGS (N ofvehicle registration years)

Independent
Variable

INTERCEPT

CURBWT

YOUNGDRV

OLDMAN

OLDWOMAN

FEMALE

NITE

RURAL

CONVRTBL

TWODOOR

STAWAGON

REGRESSION COEFFICIENTS

Regression T for HO: Pr > |T| Std Error of

Coefficient Parameters Estimate

-5.099218633 -79.26 0.0001 0.06433641

-0.000024121 -2.06 0.0398 0.00001172

0.028547980 7.42 0.0001 0.00384869

-0.037090081 -7.19 0.0001 0.00515665

-0.039855825 -6.10 0.0001 0.00653419

0.021576640 0.36 0.7162 0.05933163

0.569398829 4.99 0.0001 0.11419124

-0.347145235 -3.49 0.0005 0.09945196

-0.299597636 -9.67 0.0001 0.03098399

-0.087550413 -8.32 0.0001 0.01052117

-0.048886883 -3.09 0.0020 0.01583432
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TABLE 4-4

LIGHT TRUCKS: AGGREGATE LINEAR REGRESSION
OF INDUCED-EXPOSURE CRASHES PER 1000 VEHICLE REGISTRATION YEARS

STEP 1: BY VEHICLE AGE, STATE AND CALENDAR YEAR

Dependent Variable: LOGRATE (logarithm ofthe accident rate)

Aggregation Method: by Stete, Cdendar Year and Model Year

N ofObservations: 308

Wdghting Factor: REGS (N ofvehicle registration years)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Estimate
Variable Coefficient Parameterso

INTERCEPT -5.135145823 -229.53 0.0001 0.02237269

VEHAGE -0.071002394 -19.15 0.0001 0.00370698

BRANDNEW -0.068148093 -2.90 0.0041 0.02353434

ILLINOIS 0.552444543 24.26 0.0001 0.02277264

LOUISIAN 0.545650039 9.66 0.0001 0.05651272

MARYLAND -0.511622507 -17.57 0.0001 0.02911427

MICHIGAN 0.619181498 24.35 0.0001 0.02542730

MISSOURI -0.039230761 -1.59 0.1124 0.02463774

NEWMEXIC 0.189248875 4.65 0.0001 0.04069563

NORTHCAR -0.227740166 -7.61 0.0001 0.02991433

OHIO 0.396693700 17.11 0.0001 0.02318610

PENNA -0.497626454 -24.57 0.0001 0.02025236

UTAH -0.280789332 -7.32 0.0001 0.03837666

CY89 0.136715816 6.32 0.0001 0.02161886

CY90 0.065478752 3.23 0.0014 0.02024295

CY92 0.057591792 3.06 0.0024 0.01879016

CY93 0.111960865 5.44 0.0001 0.02059889
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Table 4-5 documents aStep 2regression for light tracks (excluding, as stated above, any vans
weighing over 4000 pounds). The method is similar, but not identicd to the one for passenger
cars Polk and accident date are spUt into ceUs by Ught track group (CG), make-model (MM2)
and model year (MY). After combinations with fewer than 2000 cumulative vehicle years are
excluded there are 1036 data points. Instead ofthe control variables CONVRTBL, TWODOOR
and STAWAGON, there are variables for the type oftrack, SUV and VAN (a pickup track being
the "baseline" type), plus AWD to indicate ifthe track had four-wheel drive. An imtid
regression produced nonsignificant coefficients for SPDLIM55, WET and SNOWJCE, as with
passenger cars, and these were eliminated from the Table 4-5 regression, which had R - .56.

Curb weight had acoefficient of-.00025, about ten times as large as for passenger cars, and
highly significant (t =-16.99, p<.01). In other words, the induced-exposure accident rate per
1000 years, for Ught trucks, drops offby 2.5 percent for every 100 pounds ofweight increase,
even after controlUng for driver age and sex. As suspected, the results for Ught tracks in Chapter
3 are strongly biased.

The coefficients for YOUNGDRV, OLDMAN and OLDWOMAN have the same direction as for
passenger cars, but the YOUNGDRV coeffident is weaker than for cars (+.008 vs. +.028) while
the coefficients for OLDMAN and OLDWOMAN are more strongly negative (-.074 and -.093
for tracks vs. -.037 and -.040 for cars). These results are consistent with the intuition that older
drivers, especidly women, do not accumulate large mileage in tracks.

It is interesting tocompare the Chapter 3results for cars and light tracks after they have been
"corrected" for the biases found in the preceding andyses (i.e., 0.27 percent per 100 pounds for
cars, and 2.50 percent for trucks):

Prindpd roUover

Hit object
Ped-bike-motorcycle

Hit big truck
Hit passenger car

Hit Ught truck

Effect onFataUties per 100 Pound Reduction (%)

Uncorrected Corrected for Bias

Cars

+2.48

+1.91

-1.00

+2.62

+ .78

+3.17

Tracks

-.80

-1.30

-4.40

+ .49

-3.40

-3.30

Cars

+2.75

+2.18

-.73

+2.89

+1.05

+3.44

Trucks

+1.70

+1.20

-1.90

+2.99

-.90

-.80

The corrected estimates make more sense than the uncorrected numbers. In the first four types
ofcrashes, which involve ody one car or Ught truck per crash, the corrected effects ofcars and
Ught tracks are in the same direction: positive in roUovers and colUsions with fixed objects or
big trucks negative in colUsions with pedestrians. But in three cases, the effect for cars is more
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TABLE 4-5

LIGHT TRUCKS: AGGREGATE LINEAR REGRESSION

OF INDUCED-EXPOSURE CRASHES PER 1000 VEHICLE REGISTRATION YEARS

(excluding vans weighing over 4000 pounds)

STEP 2: BY CURB WEIGHT, CONTROLLING FOR DRIVER AGE, SEX
AND OTHER VEHICLE AND ACCIDENT FACTORS

Dependent Variable: LOGRATE (logarithm ofthe accident rate, cdculated after
adjusting the induced exposure by vehicle age, Stete, and CY,
based on the coefficientsfrom the Step 1 regression)

AggregationMethod: by Light Truck Group, Make-Modeland Model Year

N ofObservations: 1036 (observations withfewer than2000vehicle registration years
were deleted)

Weighting Factor: REGS (N ofvehicle registrationyears)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Variable Coefficient Parameters Estimate

INTERCEPT' -4.092850929 -47.00 0.0001 0.08708228

CURBWT -0.000250108 -16.99 0.0001 0.00001472

YOUNGDRV 0.008157641 1.34 0.1809 0.00609250

OLDMAN -0.074261537 -7.17 0.0001 0.01035830

OLDWOMAN -0.093494250 -4.01 0.0001 0.02331047

FEMALE 0.145142814 2.30 0.0217 0.06312791

NITE -0.405703128 -2.97 0.0030 0.13650050

RURAL -0.414512865 -3.89 0.0001 0.10656685

SUV 0.099642394 5.54 0.0001 0.01800210

VAN -0.028053882 -1.60 0.1102 0.01754B72

AWD -0.032083890 -2.10 0.0361 0.01528525
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Z^S££&«~« £»•— °f* «*whne Mreducuon m
track weight reduces the fetdities.

4.5 Comparison with National Personal Transportation Survey data
The nrecedina andyses accurately estimate the relationship between curb weight and the%ES£5£^ rate ody ifthey accurately adjust for the effects ££ver ag. Two
fertors dulish confidence that the regression analyses correctlyi^taiofag^W
nriv the accident cases (not the registration date) have information on dnver age. The values otYOUNGDRVIbjS are used ifthe regression are make-model-MY averages for the accident
I?rThat is noVthe usud way to define independent variables in aregression. (2) Whereas&mM^*~M**Sclent cases have aWl^-^
fa . YOUNGDRV and CURBWT have acorrelation coefficient of-.26 for cars and£18 for
Sacks), the correlation coeffident is much higher when the cases are mP**^™*°-
modd MY level At that level ofaggregation, the cdl-average vdues ofYOUNGDRV and
CURBWT ha^e correlation coefficients -.66 for cars and -.53 for tight trucks. In other words,
some big cars have young drivers and some small cars have old dnvers but, on the averageSer SaveoWer drivers. WhUe .66 and .53 are not high enough levels ofmtercorrehition
Xarantee bad regressions (like andysis C4 in Table 3-2, where the mtercorrelat.on was .89),
thefare no longer "safe" levels. The coefficients for driver age in Tables 4-2 4-3 and 4-5
seemed plaudble, but "looking right" is not enough to assure validity. It would be better to
provide additiond date that confirms the observed effects for age.

The Nationd Persond Transportation Survey of 1990 (NPTS) [13] includes two tables that
classify "exposure" in the Umted States by driver age. On p. 3-48,130 million cars and light
tracks are classified by the "principd driver's age." Although these date do not correspond
exactly to vehicle years, and many vehicles are omitted, and they apply to the entire United
Stetes for 1990, not 11 States for 1989-93, it is posdble to get ageneral idea ofthe dnver-age
effect by computing the ratios ofinduced-exposure crashes (based on the combined car and hght
track accident files) per 1000 vehicles, by age group:
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Vehicles - All Cars and Light Tracks

Principd Induced Ratio Effect

Driver's Vehicles Exposure Crashes Log A Per

Age (000) Crashes to Veh. Ratio Age Year

16-19 4,884 50,242 10.29 2.53 17 +.031

20-29 25,700 201,296 7.83 2.06 10 +.026

30-39 32,489 198,463 6.11 1.81 -

40-49 24,578 145,559 5.92 1.78 -

50-59 16,618 78,095 4.70 1.55 6 -.042

60-64 7,160 28,493 3.98 1.38 14 -.030

65+ 16,969 46,392 2.73 1.00 23 -.035

For example, there were 4,884,000 vehicles in the Umted Stetes whose "principd driver" was
16-19 years old. There were 50,242 induced-exposure crashes in the 11-Stete acddent files
involving drivers aged 16-19. That isaratio of 10.29 crashes per 1000 vehicles, and its
logarithm is2.53. The ratio of crashes to vehicles drops from 10.29 atage 16-19 to 6.11 atage
30-39. It remains stable near 6 from age 30 to 49. Thenit continues to drop, and reaches 2.73
for drivers over65. Similarly, the logarithm ofthe ratio is stable at 1.80 for drivers aged 30-49,
higher for young drivers, lower for old drivers. The average teen-aged driver isabout 18, and
will have YOUNGDRV = 17 (i.e., be 17 years younger than the"middle age range," which is35-
50 for males and 35-45 for females). Since the logarithm ofthe crashes-to-vehicles ratio drops
from 2.53 to 1.80 in 17years, the average effect per year for YOUNGDRV is+.031. Similarly,
the 20-29agegroup suggests aneffect for YOUNGDRV of+.026 peryear.

The log ratio of crashes to vehicles was 1.55 for drivers age 50-59, which is .25 below the 1.80
for 30-49 year-old drivers. Theaverage vdue ofOLDMAN (years over 50) is4 for 50-59 year-
old mde drivers, and theaverage vdue ofOLDWOMAN (years over 45) is9 for 50-59 year-old
female drivers; thus, the average for both ofthese is 6, and the effect ofdriver age, for older
drivers is -.25/6 =-.042 per year. Similarly, the 60-64 and 65+ age groups suggest effects of-
.030 and-.035. In other words, the NPTS data suggest effects ofabout+.03 for YOUNGDRV
and about -.035 for OLDMAN and OLDWOMAN. Those are remarkably close to the
coeffidents in theregression for passenger cars (Table 4-2), which constitute themajority of dl
vehicles: +.028 for YOUNGDRV, -.037 for OLDMAN and-.040 for OLDWOMAN.

NPTS dso provides (p. 3-11) theage distribution oflicensed drivers intheUmted States in
1990. Induced-exposure crashes per 1000 drivers could bea surrogate for crashes per 1000
vehicle years:
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Licensed Drivers - AllCars and LightTracks

Induced Ratio Effect

Driver Drivers Exposure Crashes Log A Per

Age (000) Crashes toDrv. Ratio Age Year

16-19 9,546 50,242 5.26 1.66 17 +.002

20-29 34,847 201,296 5.77 1.75 10 +.013

30-39 38,791 198,463 5.11 1.63 -

40-49 29,134 145,559 5.00 1.61 -

50-59 19,742 78,095 3.96 1.38 6 -.040

60-64 8,877 28,493 3.21 1.17 14 -.032

65+ 20,281 46,392 2.29 .83 23 -.034

In general there are more young drivers than there are vehicles whose "prinripd driver" is
young, whUe the two numbers are more nearly equd in the higher age groups. This table shows
an effect for YOUNGDRV ofabout .01 per year, which is lower than what was found mthe
regressions for cars, but about the same as what was found for Ught tracks (.008 in Table 4-5).
The effect for older drivers is agdn close to -.035.

The NPTS table on p. 3-48, classifying vehides by their "principd driver's" age, dso subdivides
the vehicles into three types: autos and vans, pickups, other privately owned vehicles. Their
definitions are not necessarily the same as in this report (spedficaUy, their "vans" only include
passenger vehicles, not cargo vans and smaU recreationd vehicles). It seems most appropriate to
let their "autos and vans" correspond to"passenger cars" in this report (since "vans," however
defined, are ody asmall percentage of"autos and vans"), and their "pickups" and "other
privately owned vehicles" (combined) correspond to pickup tracks and SUVs (combined) in this
report. The ratios ofinduced-exposure crashes per 1000 passenger cars are as foUows:

Vehicles - Passenger Cars

Principd Induced Ratio Effect

Driver's Vehicles Exposure Crashes Log A Per

Age (000) Crashes toVeh. Ratio Age Year

16-19 4,266 39,682 9.30 2.23 17 +.032

20-29 21,160 155,052 7.33 1.99 10 +.031

30-39 25,691 138,489 5.39 1.68 -

40-49 19,290 104,949 5.44 1.69 -

50-59 12,690 58,884 4.64 1.53 6 -.027

60-64 5,639 22,614 4.01 1.39 14 -.021

65+ 14,040 40,216 2.86 1.05 23 -.028
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The effect for YOUNGDRV is about +.032, which is nearly the same as was obtained mthe
regression andysis (+.028). The effect for older drivers, approximately -.025, is slightly weaker
than thevdues inthe regression (-.037, -.039).

The ratios ofinduced-exposure crashes per 1000 pickup tracks and SUVs are as follows:

Vehicles - Pickup Tracks and SUVs

Principd Induced Ratio Effect
- • • Vehicles Exposure Crashes Log & **er

(000) Crashes toVeh. Ratio Age Year

613 8,879 14.48 2.67 17 +.062
4,535 37,629 8.30 2.11 10 +.050

30-39 6,798 37,104 5.46 1.70
40-49 5,280 24,165 4.58 1.52
50-59 3,928 12,740 3.24 1.18 6 -.072
60-64 1,521 3,740 2.46 .90 14 -.051
65+ 2,929 3,768 1.29 .25 23 -.059

In general, the acddent rates for Ught trucks show astronger drop-offwith increasing driver age
than the rates for passenger cars. That produces stronger effects for both young and old drivers.
The effect for YOUNGDRV averages to about +.055, which is substantially stronger than in the
regresdon andysis (+.008). The effect for older drivers averages to -.060, and it is sUghtly
weaker than the vdues in the regresdon (r.074, -.093). In other words, these date are at odds
with the regresdon in that they show astrong young-driver effect, but they confirm the strong
old-driver effect in the regresdon.

NPTS does not subdivide its table ofUcensed drivers by vehicle type, but an adhoc subdivision
may be obtained by apportioning the Ucensed drivers among "autos" and "pickups and SUVs" by
the same ratios as in the two preceding tables. For example, since there are 9,546,000 Ucensed
drivers age 16-19, and they primarily drive 4,266,000 autos and vans and 613,000 pickups and
SUVs, apportion 8,343,000 ofthe drivers to autos and 1,203,000 to pickups and SUVs. For
passenger cars, the ratio ofinduced-exposure crashes per 1000 Ucensed drivers are as foUows:

Driver's

Age

16-19

20-29
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Licensed Drivers - PassengerCars

Induced Ratio Effect

Driver Drivers Exposure Crashes Log A Per

Age (000) Crashes toDrv. Ratio Age Year

16-19 8,343 39,682 4.76 1.56 17 +.003

20-29 28,679 155,052 5.41 1.69 10 +.018

30-39 30,684 138,489 4.51 1.51 -

40-49 22,870 104,949 4.59 1.52 -

50-59 15,083 58,884 3.90 1.36 6 -.027

60-64 5,995 22,614 3.23 1.17 14 -.025

65+ 16,772 40,216 2.40 .88 23 -.028

The average effects ofapproximately .015 for young drivers and -.027 for older drivers are both
stightly weaker than intheregression andysis.

For pickup tracks and SUVs, the ratio ofinduced-exposure crashes per 1000 Ucensed drivers are
as follows:

Licensed Drivers- PickupTracks and SUVs

Induced Ratio Effect

Driver Drivers Exposure Crashes Log A Per

Age (000) Crashes toDrv. Ratio Age Year

16-19 1,203 8,879 7.38 2.00 17 +.033

20-29 6,168 37,629 6.10 1.81 10 +.038

30-39 8,107 37,104 4.58 1.52 -

40-49 6,264 24,165 3.86 1.35 -

50-59 4,659 12,740 2.73 1.01 6 -.071

60-64 1,882 3,740 1.99 .69 14 -.098

65+ 3,509 3,768 1.08 .07 23 -.059

These date are fairly consistent with the regression andysis for Ught trucks, exhibiting a
relatively weak positive effect (averaging +.035) for younger drivers and astrongly negative
effect (averaging -.075) for olderdrivers.

The NPTS date do not dupUcate the age coefficients found in the regresdon andyses, but that
could hardly be expected given the differences in the defimtions of"exposure," the defimtions of
the vehicles, the Stetes included (dl 50 vs. 11) and the years ofthe date (1990 vs. 1989-93).
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Nevertheless, the coefficients are in the same direction and order ofnwgmtude, and in some
cates come very close to matching the regressions. As awhole, the NPTS data are strong
evidence that the regression andyses correctly modeled the effects ofdnver age.

4.6 Sensitivity tests

There is an additiond method to gauge the accuracy ofthe curb-weight coefficients in the
regression andyses, given the uncertainty about the adjustments for dnver age: measure the
sensitivity ofthe curb-weight coefficients to changes in the coeffidents for the dnver-age
variables YOUNGDRV, OLDMAN and OLDWOMAN. Ifit were possible to "force different
driver-age coefficients into the regression, such as the coeffidents seen in the andyses ofNPTS
data, what would that do to the CURBWT coefficient?

The same procedure that was used in Section 4.4 to perform the regression analysis in two steps,
and to adjust the induced-exposure data based on the coefficients for State, vehicle age and CY
obtained in the Step 1regresdon, can dso be used to "force" any desired combination of
coefficients for YOUNGDRV, OLDMAN and OLDWOMAN into the andysis. The mduced-
exposure crash involvements are simply given weight factors corresponding to the! inverse> ofthe
desired coefficients. For example, suppose there are 1000 induced-exposure crashes of 1986
Camaros (after the Step 1adjustments) and their 1000 drivers have average vdues of8.5 for
YOUNGDRV 10for OLDMAN and 0.5 for OLDWOMAN. Suppose that the desired
coeffidents are +.030 for YOUNGDRV, -.035 for OLDMAN and -.035 for OLDWOMAN.
These 1000 crashes wUl ody be counted as

1000 xexp(-.030x8.5 + .035x1.0 +.035x0.5) =817 crashes

and the regression, with the adjusted induced-exposure data, wiU be performed with the
^dependent variables CURBWT, FEMALE, NTTE, RURAL, CONVRTBL, TWODOOR and
STAWAGON but not YOUNGDRV, OLDMAN or OLDWOMAN. For hght trucks, SUV,
VAN and AWD are used instead ofCONVRTBL, TWODOOR and STAWAGON.

Table 4-6 shows the resdts ofthe sensitivity tests for passenger cars. First, the two baseline
regressions, in which the coeffidents for the driver-age variables were not "forced," but were
cdibrated by the regression itself, have already been documented in Tables 4-2 and 4-3. As
discussed in Section 4.4, these regressions produced negUgible coefficients of-.000027 and
-000024 respectively, for CURBWT. bicludon or exclusion ofthe nonsignificant control
variables SPDLTM55, WET and SNOWJCE makes Uttle difference. Next (not shown mTable
4-6) the vdidity ofthe "forced-coeffident" method was tested by adjusting the mduced-
exposure crashes based on the driver-age coeffidents (+.029, -.037, -.040) for the baseline
regression without SPDLTM55, WET and SNOWJCE, and ranning the regression without the
driver-age variables. This worked just like the origind baseline regression, producing the
identicd -.000024 coefficient for CURBWT, and dso identicd coefficients for the remaining
control variables.

The first four sensitivity tests use the driver-age coeffidents suggested by four NPTS andyses.
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TABLE4-6

PASSENGERCARS:SENSITIVITYOFTHECURBWEIGHTCOEFFICIENT
TOCHANGESINTHEDRIVERAGECOEFFICIENTS

(regresdonsofinduced-exposurecrashesper1000vehicleyears)

Source/ExplanationofDriverAgeCoefficients

Baseline(withSPDLIM55,WET,SNOWJCE)

Baseline(w/oSPDLIM55,WET,SNOWJCE)

NPTS,per1000vehicles,dltypesofvehicles

NPTS,per1000drivers,dltypesofvehicles

NPTS,per1000vehicles,carsody

NPTS,per1000drivers,carsonly

Baselinestrengthenedby.02

BaseUneweakenedby.02

Driveragein5-yearcohorts

RegressionCofficients

JNGDRVOLDMANOLDWOMANCURBWT

+.028-.037-.039-.000027

+.029-.037-.040-.000024

+.030-.035-.035-.000027

+.010-.035-.035-.000066

+.032-.025-.025-.000039

+.015-.027-.027-.000069

+.048-.057-.059-.000097

+.008-.017-.019+.000048

-.000009



For example, the first NPTS andysis ofthe ratio ofinduced-exposure crashes per 1000 vehicles
in which the age ofthe "principd" driver was known, combimng the date for cars and hght
tracks suggested effects of+.030 per year for younger drivers and -.035 per year for older
dS. When these driver age coefficients are entered into the analysis, the resulting coefficient
for curb weight, -.000027 remdns nearly identical to the baseline. The other three NPTS
andyses (per 1000 Ucensed drivers -dl vehicle types, per 1000 vehicles -cars ody, per 1000
licensed drivers -cars ody) produced CURBWT coefficients ranging from -.000039 to -.000069,
dl fairly close to the baseline vdue.

Two additiond sensitivity tests condder the effect ofan absolute change of .02 fron,> the baseUne
for dl three variables. When each driver-age coefficient is strengthened by .02, the CURBwl
effect escdates to -.000097. If each coeffident is weakened by .02, the CURBWT effect crosses
over to +.000048. These two vdues represent asort ofouter range for the possible curb weight
effect.

The last sensitivity test does not use "forced" driver-age coefficients. Instead the original Step 2
regression is run, but with YOUNGDRV, OLDMAN, and OLDWOMAN replaced by alarge set
ofvariables corresponding to 5-year-cohorts ofdriver age. For example, M22 is the proportion
ofthe drivers in the induced-exposure crashes (ofaparticular make-model-MY) who are mde
and 20-24 years old; F68 is the proportion who are femde and 66-70 years old, etc. The
objective ofthis approach is to break up some ofthe correlation between curb weight and the
driver-age variables, redudng the danger ofintercorrelation problems. It produced acoefficient
of-.000009 for curb weight, quite close to the baseUne vdue.

The sensitivity tests for passenger cars support the eartier concludon that the effect ofcurb
weight on induced-exposure crashes per 1000 vehicle years is neghgible.

Table 4-7 documents the sendtivity tests for Ught trucks. The second test is the baseUne
regression without SPDLIM55, WET or SNOWJCE, already documented in Table 4-5, which
produced acoefficient of-.000250 for CURBWT (ten times as strong an effect as for passenger
cars). The addition ofthe nonsignificant variables SPDLTM55, WET and SNOWJCE, barely
affects the resdt, reducing itto -.000246. The four sensitivity tests based on driver-age
coefficients suggested by the NPTS andyses (for dl vehicles, or for pickups and SUVs ody)
produced CURBWT coeffidents ranging from -.000168 to -.000263. Strengthening or
weakening the driver-age coefficients by .02 produced aCURBWT coeffidents ranging from
-.000205 to-.000296. FinaUy, replacing the origind driver-age variables with the 5-year cohorts
resulted inaCURBWT coefficient of-.000246, nearly identicd to the baseUne.

In dl the sensitivity tests for Ught trucks, the CURBWT coefficients ranged from -.000168 to
-.000296. The least negative coeffident produced for Ught trucks is substantially stronger than
the most negative one for passenger cars. These tests support the eartier concludon that
induced-exposure crashes per 1000 vehicle years decrease by stightiy more than 2percent for
every 100-pound increase in the wdght ofUght trucks. Possible explanations for the bias have
been discussed inSections 1.4 and 3.5: owners ofthe larger Ught trucks may not beobtiged to
report, or may choose not to report, vehicle damages in minor impacts when they were standing
stUl prior to the crash (induced-exposure impacts).

87



00
00

TABLE4-7

LIGHTTRUCKS:SENSITIVITYOFTHECURBWEIGHTCOEFFICIENT
TOCHANGESINTHEDRIVERAGECOEFFICIENTS

(regressionsofinduced-exposurecrashesper1000vehicleyears)

Source/ExplanationofDriverAgeCoefficients

BaseUne(withSPDLIM55,WET,SNOWJCE)

Baseline(w/oSPDLLM55,WET,SNOWJCE)

NPTS,per1000vehicles,alltypesofvehicles

NPTS,per1000drivers,alltypesofvehicles

NPTS,per1000vehicles,pickupsandSUVsonly

NPTS,per1000drivers,pickupsandSUVsody

Baselinestrengthenedby.02

Baselineweakenedby.02

Driveragein5-yearcohorts

RegressionCoflicients

SGDRVOLDMANOLDWOMANCURBWT

+.007-.073-.095-.000246

+.008-.074-.093-.000250

+.030-.035-.035-.000225

+.010-.035-.035-.000263

+.055-.060-.060-.000168

+.035-.075-.075-.000200

+.028-.094-.113'-.000205

-.012-.054-.073-.000296

-.000246



CHAPTER 5

FATALITIES PER MILLION VEHICLE YEARS IN THE UMTED STATES
ANALYSIS METHODS

5.1 Analysis objective

It would be gratifying to base the size-safety andysis on fetaUty rates per million vehicle
registration years. Avehicle year is aclearly defined, widely accepted umt ofexposure. R. L
Polk's National Vehicle Population Profile [26] gives precise, complete counts ofactud vehicle
years There is no issue ofreporting biases, as there was with induced-exposure crashes: there is
essentiaUy no such thing as an unreported vehicle year. Moreover, Polk reported or estimated
vehicle registrations for every Stete during 1989-93. The andyses ofinduced-exposure crashes
had to be limited to the 11 Stete accident files containing VTN information. Andyses offatality
rates per mUUon vehicle years could be performed on date from the entire Umted Stetes, greatly
increasing thefetehty sample size.

The problem with andyses offetaUty rates per iniltion vehicle years was that registration date
have no information on the age and sex ofthe drivers, or other control variables that would be
needed for ameaningful andyds offetality risk by vehicle weight. The solution is that the
induced-exposure acddent data andyzed in the two preceding chapters provides information on
the average driver age, percent femde drivers, percent dghttime driving, etc. for vehicles ofa
specific make-model and model year. Moreover, in Chapter 4, these averages were successfuUy
used as control variables in regressions ofacddent rates by vehicle weight. SimUar methods can
be used in regresdons offetaUty rates per iniltion vehicle years. Thus, even though the study of
induced-exposure crashes did not, by itself, produce unbiased estimates ofsize-safety
relationships, the effort was not wasted, because the information wiU be used to control the
andyses offatality rates per milUon vehicle years. The andysis methods are expldned in this
chapter, and theresults are presented inChapter 6.

5.2 Data reduction

Afile offetel crash involvements of 1985-93 passenger cars, specifying themake-model (CG,
MM2), body style (BOD2), model year (MY) and curb weight ofthe car, the number offatdities
in the crash, the type offetel crash, and the Stete and cdendar year was derived from the 1989-
93 Fatd Acddent Reporting System [10] by exactly the same process asinSection 2.5. So was
a file oftight trucks involved in fetel crashes. The odydifference is that the date in Section 2.5
were limited to 11 Stetes incertain cdendar years, while these files include dl 50Stetes and the
District of Columbia for the entire 1989-93 cdendaryears. Thefiles contained records of
77,436 passenger cars and 42,002 Ught trucks. That isalmost four times as large a fetaUty
sample as was avdlable for the andyses ofChapter 2. The distribution ofthefetel involvements
by type ofcrashwas as foUows:
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Crash Types
(Table 2-1) Cars Light Tracks

Principd rollover 11 4,329 4,765
Hit object 12-17,81 16,818 8,018
Ped-bike-motorcycle 21,22 9,502 5,475
Hit big track 31-39 5,020 2,284

41-59 19,190 11,335Hit passenger car
Hit Ught track 61-79 9,816 4,156
Other 91,98,99 12,761 5,969

The first six groups ofcrashes in the preceding table are the ones that wiU be andyzed, one at a
time, in this chapter. The "other" category includes coUisions ofthree or more vehicles,
coUisions involving two or more vehicles plus apedestrian, and coUidons with avehicle of
unknown type; those records are not used in the regression andyses ofthis chapter. The car-hit-
car category is numerous beyond its proportion ofoveraU fatdities, because each coUision of
two 1985-93 cars generates two records on the fetaUty file, one with car no. 1as the "case"
vehicle, and theother with carno. 2 asthe"case" vehicle.

FUes of1985-93 passenger cars and Ught trucks, specifying the number ofregistered vehicles by
make-model (CG, MM2), body style (BOD2 - cars ody), model year (MY), Stete and cdendar
year (CY) were derived from the Polk's 1989-93 National Vehicle Population Profiles [26] by
exactly the same process as in Section 4.2, but this time including dl 50 Stetes and the District of
Columbia for the entire 1989-93 cdendar years. The files comprised 313 miUion car registration
years and 131 miUion tight-truck registration years.

The regression andyses ofChapters 2-4 were based on 11 Stetes. There were 10 dichotomous
control variables: one for each Stete except Florida (the baseline Stete; Florida crashes were
indicated by setting all ten control variables to zero). Now, with 50 States and the District of
Columbia in the andysis, an expansion to 50 control variables would result in too many smaU
cells Instead, Stetes were clustered into five groups, based on their fetelity rates. Table 5-1
ranks the Stetes according to the ratio of1989-93 traffic acddent fatdities per miUion vehicles
registered in 1993, ranging from Connecticut (667) to Arkansas (1970). In general, Northern
and highly urbanized Stetes had the lowest fataUty rates per iniltion registered vehicles. The
rank-order list was sptit into five State Groups, each comprising approximately equd numbers
of1989-93 fetdities. State Group 1, the 14 States with the lowest fataUty rates, had an aggregate
rate of807 whUe State Group 5, the 11 Stetes with the highest fetality rates, had an overaU rate
of 1522 State group is an important control variable. Without it, the size-safety andyses would
be biased in fevor ofthe smaUer vehicles, which tend to be more popdar in the highly urbanized
areas where fetality rates are intrinsicaUy the lowest. Stete group wiU appear mthe regression
andyses as four dichotomous control variables (STGP1, STGP2, STGP4, STGP5). State group
3, the "median" group, is indicated by zeros on dl four variables.
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TABLE 5-1 DEFINITIONS OF THE FIVE STATE GROUPSBASED ON 1989^3 FATALITIES PER MILUON VEHICLES REGISTERED IN 1993

STATE GROUP 1
38,620 1989-93 fatalities
47,864,000 vehicles in 1993
Fatality rate: 807

Pat. Rate

Connecticut 667

Rhode Island 668

North Dakota 678

New Jersey 713

Massachusetts 765

Minnesota 771

Washington 790

New Hampshire 800

Iowa 815

Ohio 846

Virginia 869

Maryland 898

Colorado 904

Hawaii 906

STATE GROUP 2

43,259 1989-93 fatalities
44,462,000 vehicles in 1993
Fatality rate: 973

Illinois 923

Wisconsin 941

Michigan 970

Nebraska 974

Pennsylvania 974

Alaska 988

Oregon 989

South Dakota 995

Maine 1004

New York 1011

91

STATE GROUP 3
38,824 1989-93 fatalities
37,290,000 vehicles in 1993
Fatality rate: 1041

Fat. Rate

California 1024

Indiana 1025

Montana 1026

Kansas 1042

Delaware . 1071

Vermont 1077

Utah 1090

D.C. 1098

Oklahoma 1133

Idaho 1142

STATE GROUP 4

47,869 1989-93 fatalities
39,361,000 vehicles in 1993
Fatality rate: 1216

Georgia 1180

Tennessee 1181

Wyoming 1195

Texas 1210

Missouri 1234

Florida 1254

STATE GROUP 5

42,339 1989-93 fatalities
27,819,000 vehicles in 1993
Fatality rate: 1522

North Carolina 1257

Kentucky 1350

Louisiana 1401

Arizona 1459

Nevada 1510

Alabama 1567

New Mexico 1706

West Virginia 1706

South Carolina 1729

Mississippi 1852

Arkansas 1970



The key independent variables for the regression andyses ofthis chapter, curb weight or track
width, as weU as some principd control variables (YOUNGDRV, OLDMAN, OLDWOMAN,
FEMALE, NTTE, RURAL, AIRBAG, ABS2, ABS4, AWD) are derived from the induced-
exposure accident files of559,871 cars and 188,629 Ught trucks, described in Section 2.4. (All
control variables are defined in Section 3.1.) In other words, it is assumed that the distribution of
driver age and sex in induced-exposure crashes in the 11 Stetes is representative, at least in
relative terms, ofthe generd driving public in the Umted States: since drivers ofDodge Stedths
are younger than drivers ofCadiUacs and more likely to be mde than drivers of Subaras in the
11 Stetes, that is assumed to be true ofthe entire Umted Stetes, as weU. The induced-exposure
crashes are weighted, as described in Section 4.4, to give each ofthe 11 Stetes acontribution
proportiond to its share ofthe vehicle registrations, and to prevent Stetes with low reporting
thresholds from dominating the date. For any aggregation ofvehicles used as adate point in the
regression andyses ofthis chapter - e.g., for aCG-MM2-BOD2-MY combination, or just aCG-
MM2 combination - the weighted averages ofCURBWT, TRAKWDTH, YOUNGDRV,
OLDMAN, OLDWOMAN, FEMALE, NTTE, RURAL, AIRBAG, ABS2, ABS4, and/or AWD
for the induced-exposure crashes involving those vehicles are entered as vdues for the
independent variables for that date point (and for RURAL, the Michigan induced-exposure cases
are not used in computing the average, since the variables were dways set tozero, there).

Vans weighing over 4000 pounds are exduded throughout the andyses ofthis chapter, as in
Chapter 4, because ofthe problems encountered in meshing the Polk and FARS date for those
vehicles.

5.3 Unadjusted fatality rates per million vehicle years

Before any regression andyses, it is instractive to inspect the basic, unadjusted size-safety trends
for the six fundamental types ofcrashes. Fatel involvements and registration date are grouped
by curb weight or track width, and the fetaUty rate per miUion vehicle years is graphed for each
class intervd ofvehicle size.

Figure 5-1 graphs the fetaUty rate in principal roUovers for passenger cars by curb weight.
Cars were grouped into 100-pound weight intervds (or 300 pound intervds at the upper and
lower ends, where the date are sparser), with centroids ranging from 1800 to 4100 pounds. The
verticd axis is the logarithm ofthe fetehty rate. Figure 5-1 shows avery strong, highly linear
trend ofdecreased fetatity risk as wdght increases: about a .07 drop in the logarithm for every
100 pound wdght increase. In other words, the increase in the unadjusted fetality rate is
between 7and 8percent for every 100 pound weight reduction. But the unadjusted date
exaggerate the weight-safety effect. The smdlest cars are popular with younger dnvers, who
tend to driving behaviors that lead to roUovers. After control for driver age and sex, it is hkely
that the effect ofvehicle weight wiU be not be as strong. Figure 5-la shows an exceedingly
strong, nearly linear relationship between track width and the roUover fetaUty rate.

Figure 5-2 graphs the rate ofpassenger car fetdities in coUisions with objects (crash types 12-17
and 81 in Table 2-1), by curb wdght. Visually, the downward trend with mcreasmg weight is
nearly as strong as for rollovers. Contributing to the appearance ofstrength is the large sample
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FIGURE 5-1
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size offixed-object fatdities, which reduces scatter in the data points. But in absolute terms theZ£m£^ effect' is weaker than for roUovers. as evidenced by the verticd scde (log
offataUty rate). Here, the date points drop from -9.5 on the left to -10.3 on the nght,
corresponding to a

1 - exp(-0.8)= 55 percent

reduction offatdities from the lightest to the heaviest cars. But ini Figure 5-1. they dropped from
- 10 6to -12 4 and in Figure 5-la from -10.0 to -13.0, corresponding to 85 percent and 95
percent unadjusted fataUty reductions. The unadjusted effect is weaker for fixed-object
colUsions than for roUovers partly because the true size-safety effect is weaker, and partly
because driver age is substantidly less ofaconfounding factors here than for roUovers.

Figure 5-3 shows the trend in pedestrian, bicydist and motorcyclist feteUties in collisions with
passenger cars, per miUion car years, by curb weight ofthe car. The unadjusted date show ahint
ofadownward trend, but it is weaker than in the preceding figures, as evidenced by more scatter
ofthe data points, including ared outiier at 3800 pounds. The verticd axis shows adrop ofody
0.3 from the Ughtest to the heaviest cars. It is not clear what wiU happen after the date are
adjusted for driver age, sex and other fectors.

The trend offeteUties in collisions ofcars with big trucks (over 10,000 pounds GVW), by curb
weight ofthe car, is presented in Figure 5-4. Visudly, and in absolute terms, the unadjusted data
closely resemble the pedestrian trend. However, running into big trucks is more ofan old-dnver
than ayoung-driver problem. That creates abias agdnst the larger cars. After adjustment for
driver age, tiie trend in Figure 5-4 may become stronger in favor of large cars, udike the trends
for most ofthe other crash types.

Figure 5-5 considers coUidons between two passenger cars. The fataUty rate, which includes
feteUties to occupants ofeither ofthe two cars in the collision, is tabdated by the weight ofthe
"case" vehicle. The "other" vehicle is apassenger car ofunspecified weight. Figure 5-5 is tiie
first graph that does not show any clear weight-safety trend There is alot of^tter and therangfofthe verticd axis is small. The scatter is not due to lack of sample sue since^tiiere are
moreFARSrecordsfortiiistypeofcrashtha^aiiyother. ^»^^2*2^ta
for occupants ofeach vehicle. As the wdght ofthe case vehicle mcreases the fatalityratefor its
oc^tsstrongly decreases, but the fataUty rate for occupants ofthe "otiier" <^re«es at
abom the same rate. The net fataUty risk for occupants ofboth cars remains almost constant.

Figure 5-6 studies colUsions between apassenger car and alightt truck. The^litjr rate,
which includes fetdities in either vehicle, is tabulated by the weight oftiie car (the case
vdudeTThe "other" vehicle is aUght truck ofunspecified weight. Unlike Figure 5-5, there is a
v^Sonettendofreduced fetdities as car wdght increases. Figure 5-6a graphs the fetehty

a^TveS and it has the additional advantage that its drivers are preponderantly male
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FIGURE 5-3

PEDESTRIAN, BICYCLIST AND MOTORCYCLIST FATALITIES
IN COLLISIONS WITH PASSENGER CARS

PER MILLION CAR REGISTRATION YEARS, BY CURB WEIGHT OF THE CAR
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FIGURE 5-4

oiflSRNQBR CARS- FATALITIES IN COLLISIONS WITH BIG TRUOKSPER^lSo^C^REGIS^TION YEARS, BY CURB WEIGHT OF THE CAR
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FIGURE 5-5
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FIGURE 5-5a

pnflQmifliro CARS

FATALITIES IN CAR-TO-CAR COLLISIONS, PER MILLION CAR REGISTRATION YEARSFATAiiXiAM ^ VE1GgT op jgz ncASE- CAR

(••' = fatalities in the crash
«•' - case vehicle occupant fatalities

»•»' • other vehicle occupant fatalities)
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FIGURE 5-6

p&ssKNQKR CARS- FATALITIES IN COLLISIONS WITH LIGHT TRUCKSp£fSSS^VoSSSS* YEARS. BY CURB WEIGHT OF THE CAR
(total fatalities in the crash)
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FIGURE 5-6a

p&aSRHSBR CARS- FATALITIES IN COLLISIONS WITH LIGHT TRUCKStS^SSSk^S'n^aaim years, by curb weight of the car
('•' a fatalities in the crash

>if' c light truck occupant fatalities
'O' = passenger car occupant fatalities)
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and often young (lower vulnerabUity to fetd injury). The increase in track occupant fatdities, as
2Si^creases, hardly compensates for the reduction in car occupant fatelit.es.
Figures 5-7 -5-12 present comparable data for light trucks. The size-safety effect in the
Susted date is less visible than for passenger cars, due to four factors: (1 The true size-
sa^ty effect is sometimes smdler for Ught tracks than car, (2) ^^Ztl^mT^Zace tendency ofyounger people to driver smdler vehicles) is less strong for tracks. (3) The sizeoftne feSSent sample is about halfas large for cars, increasing scatter in the graphs^)
The diversity ofthe track fleet dso increases scatter in these graphs; one 100-pound weight
group may contain aheavy proportion ofSUVs, and the next, alot ofvans.
Figure 5-7 graphs the fetdity rate ofUght trucks in principd roUovers, by curb weight. There is,
peAaps, ahintofadownward trend as track weight increases, but notiung like the hnear trend
for cars' Figure 5-7a shows the roUover rate by track width. There seems to be astronger
downward trend, except for one ortwo outiiers.

Fisure 5-8 shows afairly strong trend ofreduced fetdities in coUisions with objects as track
wdght increases. Here, where there are ample date, the visible trend is not too much weaker
manfor passenger cars (Figure 5-2). The heaviest trucks dl have low rates and the lightest dl
have high rates.

Figure 5-9 graphs the pedestrian, bicyctist and motorcyctist fetdity rate in colUsions with light
trucks. WhUe the date tend to go in several directions at the same time, there is afairly definite
hint that the larger trucks have higher fetdity rates.

Figure 5-10 displays the fetaUty rate in coUisions oftight trucks with big tracks by weight ofthe
light track. Although the results are somewhat scattered (smaU samples of fetdities), there is a
rather unequivocd trend oflower fetaUty rates as the tight trucks get heavier.

Figure 5-11 graphs the fetality rate in coUidons between aUght truck and apassenger car, by
the weight ofthe tight track (the "case" vehicle). FataUties to occupants ofeither vehicle are
included This graph is, so to speak, the mirror image ofFigure 5-6. After some scatter at the
lower wdghts, avery strong trend ofincreased fetdities with increased truck weight emerges.
Figure 5-1 la graphs the fatality trend for occupants ofeach vehicle. The larger light trucks
provide superb protection fortheir own occupants, whUe the fataUty risk for the car occupants
continues to increase. Since 80 percent ofthe fetdities in these crashes are car occupants, the
reduction in track occupant deaths hardly compensates for the increase in car occupant fatdities.

Figure 5-12 studies colUsions between two light trucks. The fetdity rate (which comprises
occupants ofeither truck) is graphed by the wdght ofthe "case" vehicle. Figure 5-12 does not
show any meaningful wdght-safety trend.

In generd, Figures 5-1 -5-12 show that reducing avehicle's wdght increases net risk in
colUsions with entities substantiaUy bigger than that vehicle (cars with objects, big trucks and
Ught tracks; Ught tracks with objects and big trucks). Reducing avehicle's weight reduces net
risk in coUidons with entities substantiaUy smdler than that vehicle (cars with pedestrians,
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LIGHT TRUCKS: FATALITIES IN PRINCIPAL ROLLOVERS
PER MILLION VEHICLE REGISTRATION YEARS, BY CURB WEIGHT

+-•

2000

+--

2500 3000

+—

3500

+--

4000

+-.

4500

CURB WEIGHT (Pounds)

104

5000



LOG OF
FATALITY

RATE

I
-9.6 +

•9.8 +

-10.0 +

-10.2 +

•10.4 +

•10.6 +

-10.8 +

-11.0 +

-11.2 +

FIGURE 5-7a

MflHT TRUCKS- FATALITIES IN PRINCIPAL ROLLOVERSPER MlSo^^ICLE REGISTRATION YEARS. BY TRACK WIDTH

52~53~~54~~55 ~56~~57 58 59 60 61 62 63 64 65 66 67 68
TRACK WIDTH (Inches)

.+ + +-

105



LOG OF
FATALITY

RATE

•9.2 +

•9.3 +

•9.4 +

•9.5 +

•9.6 +

•9.7 +

•9.8 +

•9.9 +

•10.0 +

FIGURE 5-8

I.TOBT TRUCKS- FATALITIES IN COLLISIONS WITH OBJECTSn^SIS^^miMVBKnm years, by curb weight

2000 2500 3000 3500 4000

CURB WEIGHT (Pounds)

106



FIGURE 5-9

PEDESTRIAN, BICYCLIST AND MOTORCYCLIST FATALITIES
IN COLLISIONS WITH LIGHT TRUCKS „„,„„„

PER MILLION LIGHT TRUCK REGISTRATION YEARS, BY CURB WEIGHT OF THE LIGHT TRUCK
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FIGURE 5-10

S£5S'JBKSS ZSFZSfSJS S^^ ™«PER MILLION LIGHT TRUCK
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FIGURE 5-11

LIGHT TRUCKS: FATALITIES IN COLLISIONS WITH PASSENGER CARS
PER MILLION TRUCK REGISTRATION YEARS, BY CURB WEIGHT OF THE TRUCK

(total fatalities in the crash)
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FIGURE 5-lla

LIGHT TRUCKS: FATALITIES IN COLLISIONS WITH PASSENGEILSJJStirTWPER SonSc REGISTRATION YEARS, BY CURB WEIGHT OF THE TRUCK
('•' o fatalities in the crash

"*•' = light truck occupant fatalities
'O' = passenger car occupant fatalities)
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bicycles, motorcycles; light trucks with pedestrians, bicycles, motorcycles and cars). It has Utile
effect on net risk in colUsions with entities ofabout the same size (cars with cars; Ught tracks
with Ught trucks).

5.4 Initial regressions of passenger car rollovers

The next task is to perform regression andyses on fetdity rates, per million vehicle years, by
curb weight (or track width), adjusting for the confounding effects ofdriver age, sex and other
control variables. The procedure developed in Section 4.4 to andyze induced-exposure accident
rates per 1000 vehicle years wUl serve as the imtid paradigm. Fatality and registration data are
aggregated into cells, and aggregate linear regressions are performed on the fetdity rates in the
ceUs. The regression andysis is performed in two steps. Step 1caUbrates the effect ofvehicle
age, Stete group and cdendar year. Vehicle registration counts are adjusted upwards or
downwards, based on the coeffidents from Step 1. Step 2aggregates the date by make-model-
MY and caUbrates the effect ofcurb weight (ortrack width), driver age and sex, and the
remaining control variables. The vdues ofdriver age and many ofthe other control variables are
make-model-MY averages derived from the induced-exposure acddent data file. This imtid
paradigm is appUed to study fetdity rates in principd roUovers ofpassenger cars, by curb weight
andbytrack width.

Table 5-2 documents the Step 1regresdon. The independent variables describing vehicle age
(VEHAGE, BRANDNEW) and the cdendar year (CY89, CY90, CY92, CY93) were defined in
Section 3.1; Stete groups (STGP1, STGP2, STGP4, STGP5) in Section 5.2. PoUc and fetdity
data were ceUed by Stete group, cdendar year and model year (totel of195 ceUs). The fataUty
rate is computed in each ceU and its logarithm (which tends to have more linear rdationships
with typicd independent variables than does the acddent rate itself) is the dependent variable.
Since some ceUs contain more date than others, the regresdon isweighted by REGS, the number
ofvehicle registration years in aceU. Weighted linear regression is performed by the General
Linear Model (GLM) procedure ofthe Statisticd Andysis System (SAS) [30]. R2 for this
regresdon is a high .82.

The lower section ofTable 5-2 shows that the Step 1control variables have plausible,
stetisticaUy significant relationships with the roUover fetality rate. VEHAGE (vehicle age) has a
coeffident of-.048 (t- -4.87, p<.01). In other words, the fatality rate per million years
decreases by 4.8 percent ayear as acar gets older. However, BRANDNEW has acoefficient of
+.295, indicating amuch higher roUover rate for cars in their first year, when drivers are
unfemUiar with them but dso drive them extensively. Stete groups 1and 2, which include many
Northern Stetes with relatively few young people and many urbanized Stetes, have substantiaUy
lower roUover rates than "baseUne" Stete group 3, while State group 5(Southern and
Southwestern Stetes with many young people and large rural areas) has substantiaUy higher
rates. Cdendar years 1989 and 1990 had slightly higher fetality rates than "baseline" 1991; 1992
and, to a lesser extent, 1993 had lower rates.

In preparation for the Step 2regresdon, each car registration year is given aweight factor
corresponding to the Step 1regresdon coeffidents. For example, condder a2-year-old [model
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TABLE 5-2

PASSENGER CARS: AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALTTIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 1: BY VEHICLE AGE, STATE GROUP AND CALENDAR YEAR

Dependent Variable: LOGROLL (logarithm ofthe roUover fetality rate)

Aggregation Method: by Stete Group, Cdendar Year and Model Year

N ofObservations: 195

Weighting Factor: REGS (N ofvehicle registration years)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Variable Coefficient Parameter-0 Estimate

INTERCEPT -10.77510640 -168.13 0.0001 0.06408743

VEHAGE -0.04816670 -4.87 0.0001 0.00989475

BRANDNEW 0.29527256 4.29 0.0001 0.06875750

STGP1 -0.81764339 -15.36 0.0001 0.05324759

STGP2 -0.67394533 -12.60 0.0001 0.05349409

STGP4 -0.07088546 -1.23 0.2188 0.05744581

STGP5 0.48845370 7.70 0.0001 0.06346749

CYB9 0.01348792 0.23 0.8181 0.05857405

CY90 0.05553943 1.00 0.3172 0.05537475

CY92 -0.09760682 -1.86 0.0651 0.05259870

CY93 -0.05293430 -1.01 0.3116 0.05216407
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vear 19871 car, registered in one ofthe States of State group 5, in cdendar year 1989 Since the
coefficients for VEHAGE, STGP5 and CY89 are -.048, .488 and .013 respectively, this
registration wUl not be counted as 1vehicle year in Step 2, but wiU count as

exp[2 x(-.048) +.488 +.013] - 1.499 vehicle years

In other words, since roUover fetdities were more common in Stete group 5and in 1989 than in
most other places and times, the vehicle registration years are weighted upwards to equalize the
fataUty rate across State groups, cdendar years and vehicle age. This adjustment procedure
differs from the one used in Section 4.4. Instead ofdeflating the numerator, it inflates the
denominator, and vice-versa. The rationde is that, given achoice oftwo variables to adjust with
weight factors, it is preferable to adjust the less tangible ofthe two. In Chapter 4, mduced-
exposure crashes were less tangible than vehicle registration years. Here, the registration years
are less tangible than the fetaUty counts.

In the Step 2regresdon, the Polk date (with their weight factors) and the fetaUty date are imtiaUy
ceUed by car group (CG), make-model (MM2), body style (BOD2) and model year (MY).
Unlike the andysis in Section 4.4, the majority ofthese imtid ceUs wtil have zero rollover
fetdities or at most one or two. That is not enough for meaningful fetality rates in the ceUs. The
rule-of-thumb for regresdon andyses ofthis type is aminimum of5expected fetdities per ceU
[30] p. 205. To avoid losing most ofthe data, it wiU be necessary to collapse many ofthe imtid
cells' or to aggregate at ahigher level. An iterative procedure is used. The 4,329 fetel roUover
crashes resulted in 4,681 fetdities, in 313,273,000 vehicle years. At that rate, it would take
334,600 vehicle years to produce an expected 5rollover fatalities: that number ofvehicle years
wiUbe the niinimum accepted ceU size for andyses ofcar roUovers. Any imtid CG-MM2-
BOD2-MY cdl that accumulated more than 334,600 adjusted vehicle years during 1989-93
(such as the 1985 Chryder 5th Avenue 4-door and many other relatively high-volume cars) is
accepted and set adde for use in the andysis. AU other ceUs are returned to apool for the next
iteration That pool ofPolk and fetaUty date is ceUed by CG, MM2 and BOD2 (but not by MY).
Most cars with average or better volume accumulated 334,600 car years over 1989-93 when all
model years are pooled together. Those ceUs are accepted and set aside; the remainder are
returned to the pool. In the third iteration, the remaining date are ceUed by CG and MM2 (but
not by BOD2 or MY); in the last, by CG ody. The result is 347 date points for the regression,
each containing at least 334,600 car years. Ody relatively few low-volume or late-model car
groups, such as Peugeot or Chryder LHS cars were excluded from the andysis. For each date
point, tiie weighted average vdue ofthe independent variables, such as CURBWT,
YOUNGDRV TWODOOR, etc., is used in the regresdon (wdghted by the number ofmduced-
exposure crashes or adjusted vehicle years, depending on whether that variable is tetodftom
the induced-exposure file [e.g., YOUNGDRV] or directiy from the Polk file [e.fc TWODOOR] -
see Section 5.2). The dependent variable is the logarithm ofthe fetdity rate in that cdl (the
actud fetaUty count divided by the adjusted exposure years). Although each cdl is expected to
have at least 5roUover fatalities, some (especidly some big cars) have zero a^fetehtoe*
Those zeros are changed to 0.1 to dlow cdculation ofthe loganthm ofthe fetehty rate. The
regression is weighted by REGS, the adjusted number****?**^y™mi
several preliminary andyses, SPDLIM55, WET and SNOWJCE never had ^tisticaUy
significant coefficients. Those three variables are not used in any ofthe andyses documented m
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the rest ofthis chapter.

Table 5-3 documents theimtid Step 2 regression of passenger car rollovers bycurb weight. It is
obvious that something went wrong with the regression. Curb weight has anonsigmficant
coefficient of-.000061 (t =-.47). In other words, after "controlling" for driver age, sex, etc.,
fetel roUovers per miUion vehicle years decrease byody 0.61 percent for every 100 pound
increase in curb weight. The effects ofthe control variables YOUNGDRV, OLDMAN and
OLDWOMAN, are not intuitively reasonable. The coefficient for YOUNGDRV is+. 184 - i.e.,
the fetdity rate increases by 18.4 percent for every year that the driver is under 35. It is true that
rollovers are ayoung-driver problem, but not to the extent of 18.4 percent ayear: that implies a
17-year-old driver has 21 times the roUover risk as a35-year-old driver. The coeffident for
OLDMAN isa strongly negative -.139, when it should have been mildly positive orclose to
zero. The effect for OLDWOMAN ought to be fairly close to that for OLDMAN, but it is+.054.

This is another case ofaregression going bad due to intercorrelation ofcertain independent
variables: CURBWT with the threedriver-age variables. In Chapter 3, CURBWT and
YOUNGDRV were entered in the regresdon for each individual acddentcase, and they had a
"safe" correlation coeffident of-.26. Now, the dateareaggregated at the make-model-MY
level, and the cell-average vdues ofYOUNGDRV and CURBWT have correlation coefficient -
.66. In otherwords, somebig cars haveyoungdrivers and some smaU cars haveold drivers, but
almost aU bigmake-models have, on the average, older drivers than smaU make-models. There
is no simple "ruleofthumb" for how large the intercorrelation coefficient may be before
regresdons go bad. The authorhasexperienced regresdonandyses that succeeded despite
substantiaUy higher intercorrelation coeffidents ([18], pp. 87-138). On other occasions,
regressions went bad at an even lower level ofintercorrelation (C. J. Kahane, AnEvaluation of
Side Structure Improvements in Response to FederalMotor Vehicle SafetyStandard214, Report
No. DOT HS 806 314, NHTSA, 1982, pp. 274-280). WhUe a coeffident of .66 does not
guarantee either good or bad regresdons, it produced a bad one here. The effect ofCURBWT
was mistakenlyattributed to YOUNGDRV (by inflating the coefficient) and OLDMAN (by
givingthe coeffident the wrong sign).

All ofthe other independent variables, however, hadthe right sign or were close to zero.
RoUover fatality riskwas lower for femde drivers and for station wagons, as it oughtto be. It
was higher for carsdrivenextensively at mght, for convertibles and two-door cars, and for cars
with ABS, consistent with eartier studies [18], pp. 218-220, [20], pp. 105-108. The "damage," at
first glance, appears limited to CURBWT and the driver-age variables.

Table 5-4, which documents the regression ofpassenger car roUovers by track width, shows
how unstable thecoeffidents are when there isan intercorrelation problem. It might beexpected
to produce the samedistortions asthe preceding regression, but it didnot. The coeffident for
track width is-.104, implying that each inch ofreduced width increases fetaUty risk by 10.4
percent. That isvery similar to theeffect obtained inregression C2 ofTable 3-2 (10.8 percent
per inch). The coefficient for YOUNGDRV is+. 128, which ishigher than it ought to be, but not
asextreme asthe. 184 inthe preceding andysis: it impties thata 17-year-old driver has 9 times
the roUover risk as a35-year-old driver (almost believable). The most revealing symptom ofa
bad regression isthestrongly negative coeffident for OLDMAN (it should have been positive or
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TABLE 5-3

PASSENGER CARS: [FAILED] AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALITIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 2: BY CURB WEIGHT, attempting to control for driver age, sex
and other vehicle and accident factors

Dependent Variable: LOGROLL (logarithm ofthe roUover fetdity rate, cdculated after
adjusting the registrations by vehicle age, Stete group, and CY, based
on the coefficients from the Step 1 regression)

Aggregation Method: by Car Group, Make-Model, Body Style and Model Year, with further
aggregation across model years, body styles and/or make-models until a
minimum ceU size of 334,600 vehicle regestration years wasreached

N ofObservations: 347 (after dl aggregations, cells that stiU had fewer than 334,600
vehicle registration years weredeleted)

Weighting Factor: REGS (Nofvehicle registration years)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Variable Coefficient Parameters0 Estimate

INTERCEPT -11.55647148 -13.91 0.0001 0.83098075

CURBWT -0.00006100 -0.47 0.6415 0.00013089

YOUNGDRV 0.18448914 3.90 0.0001 0.04733230

OLDMAN -0.13864693 -2.03 0.0431 0.06828963

OLDWOMAN 0.05410406 0.60 0.5494 0.09027714

FEMALE -0.44370241 -0.59 0.5553 0.75144305

NITE 1.03248928 0.59 0.5544 1.74487598

RURAL -0.08535443 -0.05 0.9583 1.63051507

CONVRTBL 0.37365554 0.88 0.3781 0.42334816

TWODOOR 0.20193484 1.79 0.0739 0.11263657

STAWAGON -0.26370191 -1.42 0.1553 0.18514781

ABS4 0.38231859 1.63 0.1048 0.23509743
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TABLE 5-4

PASSENGERCARS: [FAILED] AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALITIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 2: BY TRACK WIDTH, attempting to control for driver age, sex
and other vehicle and accident factors

Dependent Variable: LOGROLL Oogarithm oftheroUover fetaUty rate, cdculated after
adjusting theregistrations byvehicle age, Stete group, and CY, based
on the coefficients from the Step 1 regression)

Aggregation Method: byCar Group, Make-Model, Body Style and Model Year, with further
aggregation across model years, body styles and/or make-models until a
minimum ceU size of334,600 vehicleregestration years was reached

N ofObservations: 347 (after dl aggregations, ceUs that stiU had fewer than 334,600
vehicle registration yearswere deleted)

WeightingFactor: REGS (N ofvehicle registration years)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Variable Coefficient ParameternO Estimate

INTERCEPT -5.102039528 -2.96 0.0033 1.72585822

TRAKWDTH -0.10372829 -4.20 0.0001 0.0246840

YOUNGDRV 0.128433533 3.06 0.0024 0-. 04202929

OLDMAN -0.095146798 -1.46 0.1452 0.06516441

OLDWOMAN -0.011949835 -0.14 0.8915 0.08751971

FEMALE -1.239292961 -1.66 0.0972 0.74517998

NITE 1.062467494 0.64 0.5256 1.67216601

RURAL 0.027467804 0.02 0.9861 1.57937739

CONVRTBL 0.346084009 0.85 0.3971 0.40820934

TWODOOR 0.297684069 2.88 0.0042 0.10333952

STAWAGON -0.342951248 -1.90 0.0583 0.18049640

ABS4 0.224189947 0.97 0.3349 0.23215257
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close to zero). Also, the coefficient for FEMALE, -1.24, is stronger than it should be: it implies
femde drivers have 71 percent lower rollover fateUty risk than mdes (1 - exp(-1.24) - .71).
Thus Table 5-3 shows results that are clearly out ofline, whUe this regression produced some
coefficients that almost "look right." The imtid paradigm for the andysis can simply not be
relied on to produce correct coefficients for vehicle size, driver age or sex.

5.5 Exogenous coefficients for driver age and sex
Ifthe "right" coefficients for driver age and sex were known, and ifthose coefficients could be
imposed on the regression andyses, they should, in combination with the other control vanables,
produce vdid effects for the vehicle size variable. Aprocedure was developed in Section 4.6 to
"force" various coefficients for the driver-age variables onto the regression ofmduced-exposure
crashes per 1000 vehicle years; it was used to test the sensitivity ofthe weight effect to changes
in the age coeffidents. Asimtiar procedure can be used to apply the "right" age and sex
coeffidents to the andysis offetdities per nultion vehicle years.

The earlier andyses offetdities per 1000 induced-exposure crashes, and induced-exposure
crashes per 1000 vehicle years are the source ofthe coefficients. Although those andyses had
shortcomings (biases, insufficient sample sizes) for accurately estimating the [relatively weak]
weight-safety relationship, they may be reUed upon for asufficiently accurate estimate ofthe
[much stronger] age-safety relationship.

The appropriate driver-age coeffidents are the sums ofthe corresponding coeffidents in the
Chapter 3and Chapter 4regressions. For example, Table 3-1 estimates acoeffident of .0770 for
YOUNGDRV - i.e., the logarithm ofthe rate ofrollover fetaUties (F) per induced-exposure crash
(IE) increases by .0770 for each year that the driver's age (A) is under 35:

log(FA.I/IEA.1)-log(FA/IEA) = +.0770

Table 4-2 estimates acoeffident of .0278 for YOUNGDRV - i.e., the logarithm ofthe rate of
induced-exposure crashes per car registration year (CRY) increases by .0278 for each year that
the driver is under 35:

log(IEA.1/CRYA.1)-log(IEA/CRYA) =+.0278

The coeffident ofYOUNGDRV in the andysis offetdities per car registration year - i.e., the net
effect on the logarithm ofthe rate of roUover fetetities per car registration year is:

log(FA.1/CRYA.,)-log(FA/CRYA) =
log KFA.1/T£A.,)(IEA.1/CRYA.1)] -log [(FA/IEA)(IEA/CRYA)] =

[log(FA1/IEA.1) +log(IEA.1/CRYA.1)]-Dog(FA/IEA) +log(IEA/CRYA)] =
Dog(FA.,/IEA-.)-log(FA/IEA)] +Dog(IEA.1/CRYA.1)-log(IEA/CRYA)] =

.0770+ .0278 = .1048

The effects ofOLDMAN, OLDWOMAN and FEMALE are likewise the sums oftheir

118



coefficients in the Chapter 3and 4andyses. The top section ofTable5-5 Hsls> the Copter 3^
coefficients, for passenger cars and light tracks, for the six pnncipd types offetd crashes. The
last two lines ofTable 5-5 tist the Chapter 4 coefficients.

The procedure for regression andyses with exogenous coeffidents for driver age and sex is the
following. The Step 1regression, by vehicle age, State group and cdendar year remains
unchanged from the preceding section (e.g., the coefficients in Table 5-2 are still usedfor
passenger car roUovers). As before, each car registration year is given aweigh facto
corresponding to the Step 1regression coefficients, adjusting the fetehty rates for the> Step 1
control variables. Also unchanged, an iterative procedure is apphed to ceU the data, by CG
MM2 BOD2 and MY, ifpossible, or at ahigher level ofaggregation, ifnecessary, to produce
ceUs with at least 5expected fetdities, and the weighted average vdue ofeach^dependent
variabTincSg YOUNGDRV, OLDMAN, OLDWOMAN and FEMALE, is cdculated for
each cell.

Next, the car registration years are adjusted asecond time to "force" the^coefficientsfor
YOUNGDRV OLDMAN, OLDWOMAN and FEMALE, as shown in Table 5-5, mto the
andysis. For icample, in the andysis ofpassenger car roUovers by curb weight, suppose that
1986 Mustangs accumulated 1,000,000 vehicle registration years (after the Step 1adjustments)
and that the drivers of1986 Mustangs (on the induced-exposure accident file) have average
vdues of8.5 for YOUNGDRV, 1.0 for OLDMAN and 0.5 for OLDWOMAN and 0.3 for
FEMALE. These 1,000,000 car years would henceforth be counted as

106 xexp[(.0770+.0278)x8.5 +(.0263-.0374)xl.O +(.0566-.0397)x0.5 +(-.7580+.0301)x0.3]
=1,000,000 xexp[.1048x8.5 - .0111x1.0 +.0169x0.5 - .7279x0.3]

= 1,953,807 car years

Findly the regression, with the twice-adjusted registration data, is performed with the remaimng
independent variables: in this case, CURBWT, NTTE, RURAL, CONVRTBL, TWODOOR,
STAWAGON and ABS4. The regression is weighted by REGS, the Step-1-adjusted number of
vehicle registration years ina cell.

5.6 Discussion of the vehicle-weight and driver-age coefficients

The numbers in Table 5-5 help put the relative importance ofvehicle-wdght effects and driver-
age effects in perspective. It has been stated in this report that the weight-safety relationship is
"weak" relative to the age-safety relationship. Ifso, it might be expected that modest errors in
caUbrating the age-safety coefficients could seriously distort the accuracy ofthe weight-safety
coefficient. That impression may have been strengthened by the regresdon in Table 5-3, where
large errors in the age-safety coeffidents did, in fact, distort the weight-safety coeffident for
roUover crashes. Nevertheless, that islargely afelse impresdon. Even though the age-safety
relationship is strong, it is quite nonlinear and, except in roUovers, it is not monotone, but U-
shaped (see Figure 1-1). In other words, the strong tendency ofyoung drivers to have more fetel
involvements for each year that they are under 35 is more or less canceled out, except in
roUovers, by the strong tendency ofolder drivers to have more fetel involvements for each year
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TABLE 5-5

REGRESSION COEFFICIENTS FORVARIABLES THAT DEFINE DRIVERAGE AND SEX
PASSENGER CARS AND LIGHT TRUCKS

Regression Coefficients
Type ofCrash
Vehicle Type YOUNGDRV OLDMAN OLDWOMAN FEMALE

FATALITIES PER 1000 INDUCED-EXPOSURE CRASHES

Rollover, by curb weight
Cars (Table 3-2, ran CI)
Light tracks (3-5, Tl)

+ .0770

+ .0783

+ .0263

+ .0471

+ .0566

+ .0751

-.7580

- .2434

Rollover, by track width
Cars (3-2, C2)
Light trucks (3-5, T2)

+ .0756

+ .0758

+ .0282

+ .0472

+ .0582

+ .0763

- .7700

- .2584

Hit object
Cars (3-2, C9)
Light tracks (3-5, T4)

+.0768

+ .0644

+ .0702

+.0631

+ .0900

+ .0724

- .8857

- .5501

Ped, bike, motorcycle
Cars (3-2, CI 1)
Light tracks (3-5, T5)

+ .0350

+.0312

+ .0363

+ .0266

+ .0571

+ .0333

- .5671

- .3424

Hit big truck
Cars (3-2, C12)
Lighttracks (3-5, T6)

+ .0494

+ .0193

+ .0872

+ .0846

+ .0966

+ .0948

- .5559

- .3351

Hit car

Cars (3-2, C13)
Light tracks (3-5, T7)

+ .0397

+ .0367

+.0717

+ .0312

+ .0703

+ .0368

- .4249

- .3317

Hit light truck
Cars (3-2, C14)
Light trucks (3-5, T8)

+ .0423

+ .0417

+ .0854

+ .0551

+ .0849

+ .0609

- .4136

- .0305

INDUCED-EXPOSURE CRASHES PER 1000VEHICLEYEARS

Cars (4-2) +.0278 -.0374 -.0397 +.0301
Light trucks (4-5) +.0082 -.0743 -.0935 +.1451
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that thev are over 45-50. The bias agdnst Ught cars, that have an abundance of young drivers is
off eTS S5E bias against heavy cars, that have an abundance ofold drivers. Even thoughte ^e^elationslu>can be arong from one year to the next, the net effect across dl age
groups is substantiaUy weaker.

The coefficients from Table 5-5 illustrate how the driver-age effects vary by type ofcrasL In
mlve7ftrcurb^weight) the effect for YOUNGDRV is .0770+.0278 =.1048. The effects are^^omSOLDMAN and .0566 -.0397=+.0169 for OLDWOMAN. In other
words, roUover risk decreases by 10 percent ayear from age 16 to 35 and «mwn^m<»t
constant thereafter. In roUovers, there is asubstantial bias agamst^«^J£*^
data In coUisions ofacar with alight track, the net coefficients are +.701 for YOUNGDRV
+480 for OLDMAN and +.452 for OLDWOMAN. Thus, the dnver-age effect is U-shaped and
the net effect ofadjusting the data for driver age wiU be smdl. Collisions with big trucks; and
cars dso have U-shaped driver-age effect. CoUisions with fixed objects and pedestnans have
driver-age effects in between those seen in roUovers and those seen mthe multivehicle
coUisions.
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CHAPTER 6

FATALITIES PER MILLION VEHICLE YEARS IN THE UNITED STATES
FINDINGS AND SF^SrrTVTTY TESTS

6.1 Regressions on the size ofthe "case" passenger car
Two-step regression andyses, based on the methods developed in Chapter 5, were performed for
each ofthe major subgroups of fetel crashes:

o Principd roUovers, bycurb weight
o Prindpd roUovers, bytrack width

CoUisions with objects, by curb weight
ColUsions with pedestrians, bicycles, motorcycles, by weight ofthe car
ColUsions with big trucks, bycurb weight ofthecar
ColUsions with passenger cars, by curb weight ofthe "case" car
ColUsions with tight trucks, by curb weight ofthecar

In each ofthese seven andyses, the measure ofrisk (dependent variable) is the total number of
feteUties, including occupants ofthe case vehicles, occupants ofother vehicles, and pedestnans,
permiUion vehicle years.

Table 6-1 documents the regresdon ofprindpd roUovers ofpassenger cars, by curb weight, with
exogenous coefficients for driver age and sex. The regression coefficient for curb weight is-
000458 The standard error (standard deviation) ofthe coefficient is .000071. Thus, the effect

is stetisticaUy significant at the .01 level (t =-.000458/.000071 =-6.45). In other words a100
pound weight increase is assodated with a4.6 percent reduction in roUover fatdities, while a
100 pound wdght reduction is associated with a4.6 percent increase in fatalities. Thus, the
roUover fetaUty rate per milUon car years is 59 percent lower in a4000-pound car than ma2000-
pound car, after controlling for driver age, sex and other fectors. These effects seem mtuitivdy
reasonable.

The exogenous coefficients for driver age and sex, which were derived from eartier andyses
(Table 5-5) are quite plausible. The coeffident for YOUNGDRV is .1048: roUover nsk
increases by 10.5 percent for each year that adriver is under 35. A17-year-old dnver has 6
times the rollover risk as a35-year-old driver -asteep, but believable increase, pe coefficients
for OLDMAN and OLDWOMAN are both close to zero: the reduced mileage ofolder dnvers
more or less offsets their increased vulnerability to injury and tendency to lose control and run
offthe road. The coeffident for FEMALE, -.7279, implies that femdfc drivers have 52 percent
fewer fetel roUover crashes, per milUon years, than mdedrivers.

The coeffident of+3.98 for NTTE requires an explanation. Although in the right direction
(roUovers often occur at mght), it is surprisingly strong. In this regression, NTTE is entered as an
average for dl crashes involving aparticular make-model. Make-models are dnven alot at
mght, such as Pontiac Firebird have vdues ofNTTE as high as .30, whtie vehicles that are dnven
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TABLE 6-1

PASSENGER CARS: AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALITIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 2: BY CURB WEIGHT, controUing for driver age and sex
(exogenous coefficients) and other vehicle and accident factors

Dependent Variable: LOGROLL (logarithm ofthe rollover fetdity rate, cdculated after
adjusting the registrations by vehicle age, Stete group, and CY, based
on the coefficients from the Step 1regression and by YOUNGDRV,
OLDMAN, OLDWOMAN and FEMALE, based on the coeffidents in
Table 5-5)

Aggregation Method: by Car Group, Make-Model, Body Style and Model Year, with further
aggregation across model years, body styles and/or make-models until a
muiimum cell size of334,600 vehicle registration years was reached

NofObservations: 347 (after dlaggregations, ceUs that stiU had fewer than 334,600
vehicle registration years were deleted)

Weighting Factor: REGS (N ofvehicle registration years)

REGRESSION COEFFICIENTS

Independent Regression T for HO: Pr > |T| Std Error of

Variable Coefficient Parameter^0 Estimate

INTERCEPT -10.63841102 -26.62 0.0001 0.39957337

CURBWT -0.00045822 -6.45 0.0001 0.00007099

YOUNGDRV 0.1048 Derived

OLDMAN -0.0111 From

OLDWOMAN 0.0169 Table

FEMALE -0.7279 5-5

NITE 3.98361934 3.64 0.0003 1.09583582

RURAL -0.49120583 -0.31 0.7596 1.60389472

CONVRTBL 0.63662206 1.50 0.1347 0.42456448

TWODOOR 0.41758102 4.92 0.0001 0.08480939

STAWAGON -0.23367367 -1.40 0.1619 0.16670005

ABS4 0.37070953 1.67 0.0960 0.22207666
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relatively more during the day, such as Buick Park Avenue, have vdues ofNTTE closer to .10.
The coefficient says that make-models with NTTE - .30 have 2.2 times the rollover rate ofmake-
models with NTTE = .10, ceterisparibus. The coefficient for RURAL isnot statisticdly
significant. That is dso surprising, since roUovers ought tobe more common in rural areas. But
the Step 1regression controUed for Stete group: the date have dready been adjusted for the
highly significant effect that the generally rural Stetes in group 5have high rollover rates. Thus,
RURAL on Step 2 isa"second-order" correction, identifying vehicles that are driven in the most
rural areas ofagiven State, but not differentiating whether avehicle isregistered in arural or an
urbanized State. Its effect in the regressions can be unpredictable.

The four remdmng control variables all had effects intheright direction and magmtude.
Rollover fetdity risk increased substantially in convertibles and, to lesser extent, two-door cars,
but risk was lower in station wagons. Cars equipped with ABS had ahigher roUover rate. R2
for this regression is .34, which isvery high, considering that the effects ofthe most important
determinants of fataUty risk (driver age, sex, Stete group) have already been "leached out" prior
to Step 2.

Table 6-1 illustrates the importance ofadjusting the data for the control variables. In the
unadjusted data (Figure 5-1), the logarithm ofthe roUover fetdity rate decreased from -10.6 at
1800 pounds to -12.4 at4100 pounds: an exceedingly strong slope of-.000783 per pound. But
after controlling for driver age, sex and otiier confounding variables, the residud effect
associated withvehicle weight drops to a morerealistic -.000458 perpound.

The observed effect,a 4.6 percent fetality increase per 100 pound wdght reduction, is slightly
stronger than the result inKahane's 1990 studyofroUovers [17], which amounted to a 3.5
percent fetality increase per 100 pound reduction. The results, however, are not directly
comparable, since the present andyds is limited to prindpdroUovers, whereas the eartier study
included coUision-induced roUovers, where the size-safetyeffect is much weaker (see Table 3-2,
for example).

The prindpd results ofthe seven regresdon andyses for passenger car"case" vehicles,
including tiie preceding one, aredocumented inTable 6-2. The preceding andysis is PCI, the
first one Usted in Table 6-2. The first column ofTable 6-2 indicates the Run Number

(sequentially assigned to aUow easyreference to the various andyses), the type of fetd crashes
andyzed, andtheircodes,as defined in Table 2-1. The third column showstiie measure ofcar
size (curb wdght or trackwidth). The next threecolumns indicate the fataUty sample size,the
minimum numberofvehicleyears perceU in the Step 2 regression, andthe numberofcdls (date
points) in the Step 2 regression. The next column, in boldtype, is the main result: the estimated
percentage change in fetdities assodatedwith a 100 pound reduction of curb weight (or a 1
inch reductionoftrack width). It is foUowed by the standard deviation ofthe estimatedchange,
derived from the "standard errorofthe regression coeffident." The last column displaysthe t-
vdue for the regresdoncoeffident ofthe car-size measure - i.e., the coeffident divided by its
standard deviation. The t-vdue hasto exceed 1.65 for statistical significance at the one-dded
.05 level, 1.96 for significance at the two-sided .05 level and 2.58 for significance at the two-
sided .01 level.
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to

TABLE6-2

PASSENGERCARS:REGRESSIONSOFFATALITYRISKPERMILLIONVEHICLEYEARS,BY"CASE"VEHICLESIZE

MEASUREOFRISK:fetditiesinthecrashpermiUionvehicleyears
MEASUREOFSIZE:curbweightortrackwidthofthepassengercar"case"vehicle
CONTROLLINGFOR:driverage&sex,carbodystyle&equipment,road&accidentconditions,etc.

RunNo.:CrashType(Codes)

PCI:principdrollover(11)

PCla:principdrollover(11)

PC2:hitobject(12-17,81)

PC3:ped-bike-motorcyde(21-22)

PC4hitbigtruck(31-39)

PC5hitanothercar(41-59)

PC6hitlighttruck(61-79)

Measure

ofSize

(CaseCar)

N

of

Fatals

Min

Cell

Size

N

of

Cells

Effectper100
Poundor1Inch

REDUCTION(%)

One

Std

Dev

t

value

WEIGHT4,681334,600347+4.58per100.716.45

TRACKWIDTH4,681334,600347•+13.37perinch1.578.53

WEIGHT18,80683,3001224+1.12per100.303.77

WEIGHT9,742160,800850-.46per100.261.74

WEIGHT6,005260,800805+1.40per100.472.95

WEIGHT23,41266,9001350-.31per100.241.29

WEIGHT11,699133,9001003+2.63per100.347.68



Rollover stabiUty is believed to have an even stronger relationship with track width thanwith
art^eS(see Section 1.2). Andysis PCla cdibrates rollover fetehty nsk by track width, and££££*** nsk increases by avery substantid.^Tpj-:forevety mdi of
reduction in track width. Since the t-vdue for the track-width coefficient is 853;v^s ^45 tor
curb weight in PCI, these andyses support the hypothesis that track width has the stronger
SatioXw^th roUover risk.Andysis PCla duplicates PCI for Step 1and uses *e same eUs

on Step 2 However, the adjustments for driver age and sex are slightly different, as shown m
Table 5-5 S 2region (where TRAKWDTH, instead ofCURBWT, is the key
mdependenl: variable^ the cfefficiente for NITE, RURAL, etc. are nearly the same in both cases.
Andysis PC2 addresses collisions with objects, primarily fixed objects It f01^™^
Steo 1and Step 2regressions, with the object-coltision fetdity rate as the dependent yanable.
The SteTl reg?essio?associated with PC2 produced coeffidents for vehicle age, State group and
IdendaTyear tiiat were generaUy simUar to those in PC1and PCIa(dthough State groups iand
Tare especidly low in roUovers, whUe Stete group 4i? relatively high mcoUisions with objects).
The large sample of 18,806 fetdities allows the use of 1224 cells in Step 2, and yields precise
es^nati for the coeffidents: the standard deviation ofthe size-safety effect is .30 here, whereas
it was .71 inPCI, the roUover andysis.

The Step 2regression uses the exogenous coeffidents for driver age and sex appropriate for
coUisions with objects (see Table 5-5 and the discussion in Section 5.6). The effect ofdnver age
is different in fixed-object impacts and roUovers. The Ukelihood ofafetel roUover decreases
strongly from age 18 to 35 and stays about level beyond age 35. That created abias against
lighteTcars (which have many young drivers) in the unadjusted date. In fixed-object crashes,
risk drops from age 18 to 35, levels off, but then starts to rise again after age 45-50. Light cars
have many young drivers and heavy cars have many old drivers: both high-nsk groups. So there
is less bias against tighter cars in the unadjusted data.

This regression estimated that a100 pound wdght reduction results in a1.12 percent increase in
fetality risk; the effect is dgnificant at the .01 level (t =3.77). This regression, unlike the
preceding ones, produced coefficients that look "just right" for NTTE (+2.86) and RURAL
(+2 12) It assodated a15 percent reduction of fetdity risk with air bags (the majonty ofthese
colUsions are frontel, so AIRBAG is added as acontrol variable), and anonsignificant increase
with ABS.

The observed 1.12 percent fetaUty increase per 100 pound weight reduction is much weaker than
the 458 percent effect for roUovers in andysis PCI -consistent with intuition that the size-safety
effect is especidly strong in prindpd roUovers. It is very close to the 0.9 percent fetality effert
on "single-vehicle nonroUover crashes" found by Klein et al. in NHTSA's 1991 size-safety study
[23]. The results, however, are not directiy comparable, since the present andysis (fetdities per
milUon years) incorporates crash-proneness as weU as crashworthiness effects, whUe the earlier
one (fetdities per 100 crashes) ody addressed crashworthiness effects.

PC3 estimates that the fetality risk ofpedestrians, bicyclists and motorcyctists is reduced by
046 percent for every 100 pound reduction in the weight ofcars -an effect in the opposite
direction ofthe preceding andyses. The fatality reduction is stetisticaUy significant at the one-
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sided .05 level (t = 1.74). The direction ofthe effect is consistent with the2.4 percent reduction
found by Mengert and Borener [25]. The results, however, are not directly comparable because
Mengert and Borener did not control for driver age, sex, State, or other variables. Butthe
consistent trend is that a reduction in car weight is beneficidto road users that are smaUer than
cars. Asmight be expected, in the Step 1 regresdon, the coeffident for Stetegroup 5
(extensively rural Southern Stetes) was much less forthis type ofcrash than for roUovers and
impacts with objects. Also consistent with intuition: the YOUNGDRV and FEMALE effects
were not as strong as inthe preceding andyses, RURAL was nonsignificant inthe Step 2
regression, and a significant 24 percent fatality reduction was associated with ABS [20], pp. 64-
68.

FataUty risk in coUisions between cars and big trucks (over 10,000 pounds GVW) is modeled in .
PC4. Of course, dmost dl the feteUties are car occupants. Table 6-2 showsthat each 100pound
reduction in the weight ofthe cars increases fetaUty riskby 1.40percent, significant at the .01
level (t = 2.95). Thiseffect is quitesimilar to the 1.12percent increase in coUidons withobjects
(the other modeinvolving something muchbigger and stronger thana car). ThisStep 1
regresdon hadsubstantiaUy larger cdendar-year effects thanthe others: the number ofbigtrucks
on the road hascycticd patterns tied to the economy. The coefficients for OLDMAN and
OLDWOMAN are morestrongly positive (i.e., morefeteUties for olderdrivers) herethan for any
other typeofcrash. In fact, oldercar drivers have evengreaterriskof fetd involvement witha
big truck than youngcar drivers. Thus, the unadjusted date are actuaUy biased in fevor oftighter
cars. Imtid Step 2 regressionsproduced some too-strong or even wrong-signcoeffidents for car
body style, air bags and ABS. The best results were obtained by using ody CURBWT, NTTE
and RURAL. As mightbe expected, NTTE was nonsignificant, and RURALwas associated with
higher fetality risk.

Figures 5-5 and 5-5a showed tittleor no overaU weight-safety effect in the unadjusteddate on
coUisions betweentwo passengercars. The heaviercar's fatality reducingbenefitfor its own
occupants is almost perfectlyoffset by the increasedrisk to the occupants ofthe other car. Since
two-car coUidons are not particularly a "young-driver" or an "old-driver" problem, controlling
for driverage and sex does not changethe resultsmuch. Indeed, PC5, even though it has the
largest sample size, is the onlyandysis in Table 6-2 that doesnot showa significant effect for
curbweight (t = 1.29). The observed effectis a 0.31 percent reduction in feteUties per 100
pound reduction in the weight ofthe case car. If fetaUty riskdecreases by0.31 percent when the
casecar is reducedby 100poundsand the other car is unchanged, it woulddecreaseby double
this amount, 0.62 percent, when both cars are reducedby 100pounds.

The present result isconsistent with two eartier DOT andyses of fatality risk: Klein etal. found
no significant effect onfetality risk per 100 Texas two-car crashes when bothcars were reduced
inweight [23]; Mengert and Borener found a 0.8percent reduction infetality risk when both cars
arereduced by 100pounds [25]. Neither study is fuUy comparable to the present andyds: the
first studied ody crashworthiness effects, the second didnotuse control variables. These three
studies of fetdities differ withandyses of nonfatal injuries, which haveusuaUy shown
sigdficantly lower injury rates incoUisions oftwo big cars than two smaU cars [23], [24].
Apparently, the weight-safety relationship isdifferent at the nonfotel level.
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The Step 1and Step 2regressions for car-to-car crashes show few extreme or unusud effects.
State group 2, which includes Stetes such as New York and Pennsylvada where cars greatly
outnumber Ught tracks, achieves its most positive coefficient here. NTTE and RURAL have
moderately positive effects (1.76 and 1.44). Air bags and ABS perhaps show more benefits than
they ought to, possibly due to intercorrelation with the body style vanable^which ought to be
having little or no effect here, but sometimes have sigmficant negative coefficients. The Step 2
regression was reran without AIRBAG, ABS4 and/or the body style variables, each time
producing anonsignificant coefficient for CURBWT.

PC6 shows astrong weight-safety effect in colUsions between cars and light trucks. Each 100-
pound reduction in the wdght ofthe cars, whUe the Ught trucks stay unchanged, increases
fatdities by 2.63 percent. The effect is significant at the .01 level (t =7.68). This strong trend
was already obvious in the unadjusted date. Since 80 percent ofthe feteUties are car occupants,
the increased risk for the car occupants, when car weight is reduced, far exceeds the benefits for
the occupants ofthe tight trucks. The effect here is twice as strong as in coUisions with objects
or heavy trucks because momentum in addition to (^worthiness fectors work against the hght
car The effects ofdl the independent variables except CURBWT, in the Step 1and Step 2
regressions, were quite simUar to those for car-to-car crashes (except that car-heavy State groups
1 and 2 had lowerrates ofcar-truck colUsions).

WhUe there are some individud differences between the results ofthis chapter and those of
Chapter 3(which were based on fatdities per 1000 induced-exposure crashes), the generd trend
ofthe results (as expressed by their rank order and average) is quite simUar for both chapters:

Effect onFatalities per 100 Pound Reduction (%)

Chapter 5 Chapter 3

RunNo. Effect RunNo. Effect

Prindpd roUover (PCI) +4.58 (CI) +2.48

Hit object (PC2) +1.12 (C9) +1.91

Ped-bike-motorcycle (PC3) -.46 (Cll) -1.00

Hit big track (PC4) +1.40 (C12) +2.62

Hit passenger car (PC5) -.31 (C13) + .78

Hit light truck (PC6) +2.63 (C14) +3.17

The results ofthis chapter are much more reliable. In addition to posdble biases in the induced-
exposure method, the Chapter 3results are less precise since they are based on date from just 11
Stetes (about V4 the fetality sample). In general, the individud Chapter 3results have wide
enough confidence bounds that the differences between them and the Chapter 5estimates could
be dueto sampling error, done.
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6.2 Regressions on the size of the "case" light truck
Seven two-step regression andyses, with Ught tracks as "case" vehicles were performed for tiie
sLe crash modes a, with passenger cars. The measure ofrisk (dependent vanable) .s as before,
the totel number offetdities, including occupants ofthe case vehicles, occupants ofother
vehicles, and pedestrians, per miUion vehicle years.

The procedure for andydng Ught trucks is very similar to that for passenger cars (see Chapter
5) Step 1is identicd. FARS and POLK data for light tracks are celled by State group, calendar
year and model year, and aweighted linear regression on the logarithm ofthe fatality rate is
performed. Table 6-3 documents the Step 1regression for rollover crashes oflight tracks. The
control variables are the same as in Table 5-2, the andogous regression for passenger cars. The
coefficients are dso quite similar (however, the intercept is less negative for hght trucks because
they have ahigher rollover rate). The strongly significant coefficients for the Stete groups
Ulustrate the importance ofcontroUing for those variables.

The preparation for Step 2is sUghtly simpler for Ught tracks. Whereas cars are imtiaUy celled
by CG MM2 BOD2 and MY, the body style variable does not exist for tight trucks, and they
are celled by CG, MM2 and MY, ody. The iterative procedure to achieve ceUs comprising
enough vehicle years to have 5expected fatalities (130,700 vehicle years in the case oflight
track roUovers) is performed just three times instead offour, because the BOD2 vanable does
not exist here. Adjustment ofthe registration date for the exogenous effects ofdriver age and
sex variables is the same as for cars. The potentid control variables for the Step 2regression are
NITE, RURAL, SUV, VAN, AWD, ABS2 and ABS4. However, since pedestrian crashes are the
ody type where light-truck ABS has been shown to affect fetdity risk significantly [21], the
ABS variables are entered odyin the andysis ofpedestrian crashes.

Table 6-4 presents the Step 2regression ofrollover fatdities by curb weight, which was based
on 5030 fetdities in 367 ceUs. The regression coeffident for curb weight is -.000081. In otiier
words a100 pound weight reduction is associated with a0.8 percent increase mfetdities. This
effectisnotstetisticaUydgnificant(t =-l.ll). This result is quite acontrast to cars, where
roUovers increased by 4.6 percent per 100 pound weight reduction. As descnbed mSection 1.2,
the relationship between vehide mass and roUover risk should be quite different mcars and
trucks In dther case, mass has relatively tittle intrinsic relationship to roUover stability. But m
cars greater mass has historicdly been synonymous with greater width at arelatively constant
height -thus, substantiaUy improving stetic stabiUty. In trucks, greater mass does not necessanly
mean greater width, or it might mean greater width and height -in either case, there is httie
change instatic stabiUty.

Each ofthe control variables has plausible coefficients. The exogenous effects for
YOUNGDRV OLDMAN and OLDWOMAN are about the same as for cars (Table 6-1).
FEMALE has anegative coeffident (-.098), but not nearly as strong as for cars (-.728): there is
less difference, in both mUeage and intensity, between mde andft^f^^™ __herein mde and femde «?drivers. The coeffidents for NTTE (+2.89) and RURAL (+2.27
seem correct for roUover crashes, which are substantiaUy more common at mght, and on rural
roads. Relative to a"baseline" rear-wheel-drive pickup, arear-wheel-dnve SUV has 15 percent
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TABLE 6-3

LIGHT TRUCKS: AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALrTIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 1: BY VEHICLE AGE, STATE GROUP AND CALENDAR YEAR

Dependent Variable: LOGROLL Oogarithm ofthe rollover fetdity rate)

Aggregation Method: by State Group, Cdendar Year and Model Year

N ofObservations: 190

Weighting Factor: REGS (N ofvehicle registration years)

independent
Variable

INTERCEPT

VEHAGE

BRANDNEW

STGP1

ST6P2

STGP4

ST6P5

CY89

CY90

CY92

CY93

REGRESSIONCOEFFICIENTS

Regression T for HO: Pr > |T| Std Error of

Estimate
Coefficient Parameters0

•10.01976152 -160.68 0.0001 0.06235999

-0.02741418 -2.77 0.0062 0.00989825

0.19645396 2.98 0.0033 0.06602989

-0.85791658 -16.21 0.0001 0.05292187

-0.68543109 -12.86 0.0001 0.05328930

0.13910S73 2.56 0.0114 0.05438667

0.47063266 8.10 0.0001 0.05807182

0.18934870 3.17 0.0018 0.05964290

0.07596916 1.36 0.1763 0.05595212

-0.11779143 -2.24 0.0260 0.05248068

-0.08762190 -1.70 0.0909 0.05154121
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TABLE 6-4

LIGHT TRUCKS: AGGREGATE LINEAR REGRESSION
OF ROLLOVER FATALITIES PER MILLION VEHICLE REGISTRATION YEARS

STEP 2: BY CURB WEIGHT, controlling for driver age and sex
(exogenous coefficients) and other vehicle and accident factors

Dependent Variable: LOGROLL Oogarithm ofthe rollover fetdity rate, cdculated after
adjusting the registrations by vehicle age, Stete group, and CY,
based on the coefficients from the Step 1regression and by
YOUNGDRV, OLDMAN, OLDWOMAN and FEMALE, based
on the coeffidents in Table 5-5)

Aggregation Method: by Light Truck Group, Make-Model, and Model Year, with further
aggregation across model years, and/or make-models until a
minimum ceU size of 130,700 vehicle registration years was
reached

N ofObservations: 367 (after dl aggregations, ceUs that stiU had fewer than 130,700
vehicle registration years were deleted)

Weighting Factor: REGS (N ofvehicle registration years)

Independent
Variable

INTERCEPT

CURBWT

YOXJNGDRV

OLDMAN

OLDWOMAN

FEMALE

NITE

RURAL

SUV

VAN

AWD

REGRESSION COEFFICIENTS

Regression T for HO: Pr > |T| Std Error of

Coefficient Parameter-0 Estimate

-11.31061894 -25.51 0.0001 0.44338456

-0.00008066 -1.11 0.2683 0.00007275

0.0865 Derived

-0.0272 From

-0.0184 Table

-0.0983 5-5

2.88770502 2.17 0.0310 1.33368887

2.27123290 2.06 0.0399 1.10153235

0.13617566 1.21 0.2272 0.11257701

-0.46746333 -4.55 0.0001 0.10277582

0.40541071 3.80 0.0002 0.10671587
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higher roUover risk, and avan, 37 percent lower. Four-wheel-drive vehicles have 50 percent
higher roUover risk than comparable two-wheel-drive models (reflecting the location and manner
that those vehicles are driven, and dso their higher centers ofgravity).

The results ofthe seven tight-track andyses, including the preceding one (LT1), are summarized
in Table 6-5 LTla caUbrates rollover fetdity risk by track width, and it estimates that fetehty
risk increases by 2.46 percent for every inch ofreduction in the track width oftight tracks. _
Udike the weight-rollover relationship, this is astatisticdly significant effect at the .01 level (t -
281) Nevertheless, it is just asmdl effect in comparison to the 13.37 percent increase seen in
passenger cars. Big, wide Ught tracks, unlike cars, are often tdl or stand high offthe ground
and they are not necessarily more stable than smdler make-models. The effects ofthe control
variables are fairly similar inLT1 and LT1 a.

LT2 estimates the effect ofcurb weight in collisions oflight tracks with objects. Each 100
pound reduction in weight is associated with a1.44 percent increase in fetdity nsk, significant at
the 01 level (t =3.33). In these crashes, where mass acts more directly by increasing the
strength and space ofthe vehicle structure, rather than indirectly through its correlation with the
rollover stabiUty factor, there are similar effects in Ught trucks and cars (1.12 percent). In feet,
the effect in Ught tracks may be alittle stronger, because the redly large light tracks may have
enough momentum or height to knock down or ride over some ofthe objects. The coefficients of
the control variables in the regressions are similar for rollovers and object-collisions, except that
SUV and AWD, which had positive coefficients for rollovers, now have smdl or negative
coefficients (when sport utility vehicles with four-wheel-drive run offthe road, they are prone to
roU over before theyreach any fixed object).

Figure 5-9 suggested that the larger Ught tracks have higher rates of fetel involvements with
pedestrians, bicycUsts and motorcyclists. LT3 confirms that trend, and it estimates that a100
pound weight reduction for Ught tracks is assodated with a2.03 percent reduction mfatdities
for those road users, stetisticaUy significant at the .01 level (t =5.13). The observed effect on
pedestrian fetdities is in the same direction, but notably stronger than for passenger cars (0.46
percent per 100 pounds). It is not clear from these date why the larger trucks have aproblem:
whether the drivers have more diffiedty seeing and/or avoiding pedestrians, or the tdl,
aggressive vehicle structure is more lethd, given acrash. In this andysis, as might be expected,
RURAL, AWD, STGP4 and STGP5 (dl associated with rural crashes) are substantiaUy less
positive or more negative than in other crash modes. ABS was associated with reductions in
pedestrian fetdities.

LT4 estimates that every 100 pound weight reduction in light tracks increases, by 2.63 percent,
the fetality rate in colUsions with big tracks (over 10,000 pounds GVW). This weight-safety
effect is stetisticaUy significant at the .01 level (t - 4.18) and, as was the case in coUisions with
objects, it is probably stronger than the effect in coUisions ofcars with big trucks (1.40 percent).
The tall, rigid structure ofthe largest Ught trucks apparently deters underride and other
catastrophic interactions with big trucks. Also, the mass ofthe largest light tracks is not much
less than that oftrucks and buses just over 10,000 pounds GVW. Asin PC4, NTTE was
nonsigmficant and RURAL had apositive coefficient.
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LIGHT

TABLE6-5

TRUCKS:REGRESSIONSOFFATALITYRISKPERMILLIONVEHICLEYEARS,BY"CASE"VEHICLESIZE

MEASUREOFRISK:feteUtiesinthecrashpermillionvehicleyears
MEASUREOFSIZE:curbweightortrackwidthofthelighttrack"case'vehicle
CONTROLLINGFOR:driverage&sex,lighttracktype&equipment,road&accidentconditions,etc.

RunNo.:CrashType(Codes)

LT1:principdrollover(11)

LTla:prindpdroUover(11)

LT2:hitobject(12-17,81)

LT3:ped-bike-motorcycle(21-22)

LT4:hitbigtrack(31-39)

LT5:hitpassengercar(41-59)

LT6:hitanotherIt.track(61-79)

Measure

ofSize

(CaseTruck)

N

of

Fatals

Min

Cell

Size

N

of

Cells

Effectper100
Poundor1Inch

REDUCTION(%)

One

Std

Dev

t

value

WEIGHT5,030130,700367+.81per100.731.11

TRACKWIDTH5,030130,700367+2.46perinch.882.81

WEIGHT8,52677,100597+1.44per100.433.33

WEIGHT5,281124,500441-2.03per100.405.13

WEIGHT2,535259,300256+2.63per100.634.18

WEIGHT12,89051,000764-1.39per100.294.72

WEIGHT4,864135,100395-.27per100.42.65



Figures 5-11 and 5-1 laindicate that the smdler the light track, the less the danger to occupants
ofpassenger cars, and the less the overall fetdity rate in collisions between hght tracks and cars.
LT5 estimates that each 100 pound weight reduction for Ught trucks reduces the overall[fetehty
risk in colUsions ofUght tracks with cars by 1.39 percent, statisticdly significant at tiie .01 level
ft =472) In the Step 1regression, car-heavy State group 2had apositive, ratiier than the usud
negative coeffident. The Step 2regression attributed a10 percent increase in fatalities to trucks
with four-wheel-drive. Smce AWD tracks are used more in low-density areas, adecrease in
multivehicle colUsions might have been expected. The increase mightbe mdicating[that the high
sills ofthose vehicles are especidly aggressive to passenger cars. NTTE and RURAL were
nonsignificant, as would be expected for acrash mode associated with higher traffic density.
SUV and VAN had coefficients of-.20, perhaps indicating that pickup trucks are less
maneuverable intraffic, or have a more aggressive structure.

Figure 5-12 showed little or no weight-safety trend in collisions between two tight trucks. In
LT6 the weight-safety effect is not statisticdly sigdficant (t =.65).. The observed effect is a
027 percent reduction in fatalities per 100 pound reduction in the weight ofthe case hght track.
This is nearly identicd to the effect seen in car-to-car collisions (PC5). Iffetdity nsk decreases
by 027 percent when the case Ught truck is reduced by 100 pounds and the other truck is
unchanged, it would decrease by double this amount, 0.54 percent, when both hght tracks are
reduced by 100 pounds. As in LT5, SUVs and vans had sigdficantly lower fetaUty rates than
pickup trucks.

The regression andyses strongly confirm atrend dready seen in the unadjusted date: reducing a
vehicle's weight increases net risk in coUisions with substantiaUy larger entities, reduces net nsk
in coUisions with much smaUer entities, and has Uttle effect on net risk in coUisions with entities
ofabout the same size.

The results for Ught trucks in this chapter are qdte close to the corresponding regression results
Chapter 3, provided that the bias correction of2.5 percent, as recommended in Section 4.4, is
addedto each ofthe Chapter3 results:

Effect onFatdities per100 Pound Reduction (%)

Chapter 5 Chapter 3(Corrected)

Run No. Effect RunNo. Effect

Prindpd roUover (LT1) + .81 (Tl) +1.70

Hit object (LT2) +1.44 (T4) +1.20

Ped-bike-motorcycle (LT3) -2.03 (T5) -1.90

Hit big track (LT4) +2.63 (T6) +2.99

Hit passenger car (LT5) -1.39 (T7) -.90

Hit Ught track (LT6) -.27 (T8) -.80
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6.3 Effect ofweight reductions on the number of fatalities
The percentage changes in the fataUty rate, as documented in Tables 6-2 and 6-5, are:apptied to
me absolute numbers offatdities in the "baseline" year 1993, to obtain estimates ofthe effects of^ounTrlctions ofvehicle weight on the absolute numbers offetahties. These^estimates
are based on the andysis method ofthis report: cross-sectiond andyses ofthe *W*«*f
cars and light tracks. They indicate what might happen to fatdities, in response to 100-pound
weight reductions, ifhistorical relationships are mdntained between weight and otiier size
^ameters, such as track width, wheelbase, center-of-gravity height, and stracturd strength.
The trends shown here are not necessarily what would happen ifaspecific vehicle were reduced
ody in weight but "everything else stays the same" or ifthere were radical changes mthe
materids or design ofvehicles, or major improvements in safety technology. SpecificaUy, the
effect ofweight reductions on fatdities in passenger car roUovers might be smdler ifweight
could bereduced without changing track width.

The 1993 FARS file used in preparing this report contdned records of40,115 fetally injured
people Table. 6-6 dlocates these fatdities among the principd crash types andyzed in this
report plus an "dl other" category. The defimtions ofthe single-vehicle nonpedestnan crash
types/such as "principd rollover," or "fixed-object" are identicd to those in Table 2-1. The
defimtions ofthe other crash types were modified, however, to minimize the number ofcrashes
in the "dl other" category. For example, colUsions involving three passenger cars were not
studied in any ofthe regression andyses: there were not enough cases for aseparate regression,
and they could not have been andyzed by the same method that was used for two-car crashes
(defidng the "case" and the "other" car). Nevertheless, it is not unreasonable to assume that the
weight-safety effect wiU be about the same in three-car as in two-car crashes -or, at least it is
more accurate to make that assumption than to toss those cases into the "dl other category and
simply ignore them. The defimtions ofthe vehicle types in Table 6-6 are based on the
BODYTYPvariablein FARS, as follows:

1-9,12 Passenger cars
10-11,14-49 Light trucks (pickups, SUVs, vans, pickup-cars)

50-79,93 Big tracks and buses
80-90 Motorcycles and dl-terrain-vehicles

other codes "Unknown"

Table 6-6 shows that ody 3,714 ofthe 40,115 fatdities were in the "dl other" category: 2,285 of
necessity, because they involved ody big tracks and/or motorcycles, but no car or light truck;
911 because they involved at least one vehicle ofunknown type (dmost halfofthese are hit-
and-run" impacts with pedestrians); and the rest are complex crashes mvolving at least three
different types ofroad users. The remaidng 36,401 fetdities may be classified among the six
fundamental crash types andyzed in the preceding section (note that the fetahties in coUisions of
cars with light trucks appear twice):
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TABLE 6-6: 1993 FATALITY DISTRIBUTION BY TYPE OF CRASH

PA^SFNflERCARS

PRINCIPAL ROLLOVERS

hit fixed object
hit train or animd
hitparked vehicle
other single-veh non-ped
HIT OBJECT

1754

6364

348

234

510

7456

TIGHT TRUCKS

PRINCIPAL ROLLOVERS

hit fixed object
hit train or animd
hitparked vehicle
othersingle-veh non-ped
HIT OBJECT

1860

2664

161

101

337

3263

1car + ped/bike/nonmotorist 3334
1car+ 1motorcycle 689
2+ cars + ped/bike/nonmotorist 132
3+ veh: car(s) +motorcycles) _5_L
HTTPED/BIKE/MOTORCYCLE 4206

1Ittrie + ped/bike/nonmotorist 1704
1It trie + 1motorcycle 469
2+ It trks + ped/bike/nonmotorist 26
3+veh: Ittrk(s) + motorcycle(s) _18
HTTPED/BIKE/MOTORCYCLE 2217

1 light track+1 big track
3+veh: light tracks + big tracks
HIT BIG TRUCK

988

123

1111

1 car + 1 big track
3+ veh: car(s)+ bigtruck(s)
HIT BIG TRUCK

2 veh: car to car

3+ veh: dl cars
HIT ANOTHER CAR

2298

350

2648

4504

.521
5025

2veh: light truck to Ught track 1050
3+veh: dl Ught tracks _6Q
JUT ANOTHER LIGHT TRUCK 1110

2 vehicle: 1 car + 1 Ught track
3+ vehicle: car(s) + Ught track(s)
COLLISION OF CAR WITH UGHT TRUCK

1vehicle: bigtruckor motorcycle
1 veh: unknown type
2 veh: big trucks and/or motorcycles ody
2 veh: at least one unknown type
2 veh, different types + pedestrian(s)
3+veh: big trucks and/or motorcyles ody
3+ veh: 3 or more different vehicle types
ALL OTHER CRASH TYPES

137

4706

mi
5751

2015

617

248

294

149

22

369

3714



1993 BaseUne Fatdities

Cars LightTracks

1,860

3,263

2,217

1,111

5,751

1.110

15,312

Principd roUover 1,754

Hit object 7,456

Hitped-bike-motorcycle 4,206

Hit big track 2,648

Hit passenger car 5,025

Hit Ught track 5,751

26,840

Table 6-7 estimates the effect on fatdities ifthe weights ofdl passenger cars were to be
reduced by 100 pounds. The 1754 baseline fatdities in prindpd rollover crashes are estimated
to increase by 4.58 percent, resulting in an additiond 80 fetdities. Since one standard deviation
ofthe estimated percentage change was ±0.71 (see Table 6-2), one standard deviation ofthe
absolute change is 0.0071 x1754 =±12.5 fetdities. In colUsions with objects, fatdities would
ody increase by 1.12 percent, but since deaths in these coUisions are far more numerous than m
principd roUovers (7456 vs. 1754), the absolute increase, 84 fetdities, is almost the same. Here,
one standard deviation is ±22.4. These increases are slightly offset by areduction of19 fatalities
among pedestrians, bicyclists and motorcyclists hit by cars. Deaths in crashes ofcars with big
tracks wodd increase by 37. In Table 6-2, the relative effect on fatdities in car-to-car coUisions
was -0.31 percent ifthe case car was reduced by 100 pounds, and its standard deviation was
±0.24. Thus, ifboth cars are reduced by 100 pounds, fetdities would decrease by 0.62 percent,
and the standard deviation would be ±0.48. Since there are 5025 feteUties in car-to-car
coUisions, there would be areduction of31 fatdities ifdl cars were to be reduced by 100
pounds, and the standard deviation would be ±24.1. The largest absolute effect is predicted in
collisions between cars and Ught trucks: fatdities would increase by 151 ifcars were reduced by
100 pounds. Those coUisions are numerous (5751 baseline fatdities), and the weight-safety
effect is substentid. The estimate is statisticdly quite precise, with a standard deviation ofjust
19.7.

AU in dl, itis estimated that the 26,840 baseline fatdities in crashes involving passenger cars
would increase by 302, or 1.13 percent per 100-pound weight reduction, in the absence ofany
compensatory safety improvements. That point estimate is obtained by adding up the six "net
fetdity changes" in Table 6-7. For an intervd estimate, it is first necessary to compute one
standard deviation ofthe point estimate. Since the overall effect (point estimate) is the sum of
six essentiaUy independent statistics, its standard deviation is 43.7, the square root ofthe sum of
the squares ofthe six standard deviations. Thus, the 2-dgma confidence bounds for the effect of
a100-pound weight reduction are 302 ±2x43.7: an increase of214 to 390 fatdities. Two-
sigma or, in many cases, 1.645o confidence bounds have usudly been considered wide enough
to include the likely range ofpossible error in past NHTSA evduations. In this evduation,
iterative regression procedures and the use ofexogenous coefficients could have introduced and
propagated sampling or nonsampUng errors; it might dso be appropriate to consider wider,
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VO

CrashType

Prindpdrollover

Hitobject

Hitped/bike/motorcycle

Hitbigtruck

Hitanothercar

Hitlighttruck

OVERALL

TABLE6-7

PASSENGERCARS:EFFECTOF100POUNDWEIGHTREDUCTION
(LIGHTTRUCKWEIGHTSUNCHANGED)

Fatalities

in1993

Crashes

1754

7456

4206

2648

5025

5751

26840

EffectofNet

100PoundFatdity
WeightRed.Change

+4.58%+80

+1.12%+84

-.46%-19

+1.40%+37

-.62%(nonsignificant)-31

+2.63%+151

+1.13%+302

±2-sigmaconfidencebounds

±3-sigmaconfidencebounds

+214to+390

+170to+434

•Standarddeviationfor"overaU"istherootofthesumofthesquaresofthe6individudstandarddeviations

One

Standard

Deviation

12.5

22.4

11.1

12.6

24.1

19.7

43.7*



3-sigma confidence bounds. They range from 170 to 434.

[Confidence bounds, as weU as standard deviations for the relative and absolute^effects in each
cra^ftype were not presented in the October 1995 draft ofthis report, dthough the draft s
SsdSn ofstatisticd significance and t-vdues indicated the extent ofsamphng error TheTrWtiorResearch Board panel recommended that confidence bounds be^Ucitly
included in the report. As discussed above, these bounds have been computed f^*™™,
draft's reSon results. Two minor changes from the 1995 draft have had ashght effect on the
ovtu3KL (i-e., 302 now, vs. 322 in the draft): the»*^£Z~£ teL-to-car crashes is shown "as is" since its sampling error has to be taken »* *c^untin
computing confidence bounds, whereas it was set to zero in the draft; the point estimates in the
otiiTcS types have now been computed using apercentege effect rounded to two places
beyond the decimd point, rather than one.]

Can the estimate ofthe weight-safety effect for passenger cars be called "predse"? Notifyour
idea ofa"predse" estimate is an intervd such as 298-306. On the other hand, *!>£ NHTSA
evduation!ofvehicle regulations, the 1.645o confidence bounds for the prmcipd effectrveness
estimate most typicaUy ranged from %to Mtimes the point estimate. M™^™"
as wide as '/a to 1*4 times the point estimate, and rarely were they narrower than tt to VA times
the point estimate. Those bounds were considered an acceptable level ofprecision, given: (1)
the Undted acddent data avdlable for the evduations, (2) the feet that most safety devices are
effective ody in anarrowly defined group ofcrashes and/or have relatively smdl overaU net
effects, and (3) this is enough precision to decide whether or not aregulation has been
"effective" -we don't need to know the exact effectiveness level. As can be seen from Table 6-
7 the 2o confidence bounds (214-390) for the car-weight effect are slightly narrower than %to
IVfc times the point estimate. Even the 3o confidence bounds (170-434) are narrower than Kto
1V4 times the point estimate. This level ofprecision is more than sufficient to support a
conclusion that reductions in car weight, given historicd patterns ofcar design, would be
associated withincreases incrash fatdities.

The effects in Table 6-7 can be compared to the results oftwo earlier DOT studies. NHTSA's
1991 study ofcar size and fetdity risk estimated the overall effect ofa1000-pound weight
reduction in passenger cars [7], while Mengert and Borener-s 1989 andysis gave estimates foi^a
600-pound reduction [25]. If the percentege effects are computed per 100-pound reduction, and
applied to the 1993 baseline fatdities, their results are as foUows:
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Effect on FataUties of100 Pound Reduction, Passenger Cars

RoUoveror object
Hit ped/bike/motorcyde
Hit another car

Hit light truck/big track

Absolute net effect

The six fundamentel crash types have been reduced to four categories that are compatible with
each ofthe studies. This report agrees closely with NHTSA's 1991 study on the weight-safety
effect in single-vehicle nonpedestrian crashes (rollovers and colUsions with objects: 1.7 vs. 1.9
percent increase) and in car-to-car coUisions (negligible weight-safety effect). The ody reason
that the overdl effert is substantiaUy higher in this study (302 vs. 192) is that NHTSAs 1991
andysis simply did not address fatdities in colUsions ofcars with Ught trucks and big tracks,
which account for over halfofthe overdl increase in this report.

This report dso agrees closely with Mengert and Borener's estimate for single-vehicle
nonpedestrian crashes (1.7 vs. 2.0 percent increase) and car-to-car crashes (.6 vs. .8 percent
reduction). In the other two crash modes, the resdts are in the same direction, but Mengert and
Borener's estimates are consistently more negative (or less positive). Mengert and Borener did
not adjust for driver age, sex, or State in their andyses; they, themselves, had reservations about
their negative result for car-to-car coUisions. Ifthe lack ofadjustment is biasing their estimates
for those three crash modes, it would explain why their estimate for the overall effect (146) is
lower than the one in this report.

Table 6-8 estimates that the net effect ofa 100-pound reduction in light trucks. The I860
baseline fatdities in principd roUover crashes are estimated to increase by anonsignificant 0.81
percent, resulting in an additiond 15 fatdities. One standard deviation ofthat point estimate is
±13 6 Deaths in coUisions with objects are estimated to increase by 47, but that is offset by a
reduction of45 in colUsions with pedestrians, bicyclists and motorcyclists. Fatdities in
collisions with big tracks would increase by 29. The most important effect, mabsolute terms
would be anet saving of80 Uves in coUisions with passenger cars: if light trucks were reduced in
weight the benefit for the car occupants would far exceed the harm to the occupants ofthe light
tracks' In Table 6-5, the relative effect on fatdities in collisions between two light trucks was -
027 percent ifjust the case track was reduced by 100 pounds, and its standard deviation was
±0 42 These statistics are doubled, to -0.54 and ±0.84 when both trucks are reduced by 100
pounds Since there are 1110 fetdities in collisions between two Ught trucks, there would be an
estimated reduction of6fetdities ifdl light trucks were to be reduced by 100 pounds, and the
standard deviationwould be ±9.2.

Areduction oftrack weights is associated with an increase in fetdities in three types ofcrashes,

This NHTSA Mengert-

Report 1991 Borener

+1.7% +1.9% +2.0%

- .5% not andyzed -2.4%

- .6% negligible - .8%

+2.2% not andyzed +1.0%

+302 +192 +146
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TABLE6-8

LIGHTTRUCKS:EFFECTOF100POUNDWEIGHTREDUCTION
(CARWEIGHTSUNCHANGED)

FatditiesEffectofNetOne

in1993100PoundFatelityStandard

CrashTypeCrashesWeightRed.ChangeDeviation

PrindpdroUover1860+.81%(nonsignificant)+1513.6

Hitobject3263+1.44%+4714.1

Hitped/bike/motorcycle2217-2.03%-458.8

Hitbigtruck1111+2.63%+297.0

Hitpassengercar5751-1.39%-8016.9

Hitanotherlighttrack1110-.54%(nonsignificant)-69.2

OVERALL15312-.26%-4029.7*

±2-sigmaconfidencebounds
-100to+20

±3-sigmaconfidencebounds
-130to+50

'Standarddeviationfor"overall"istherootofthesumofthesquaresofthe6individualstandarddeviations



and areduction in the three other crash types. The point estimate ofthe net effect in all types of
crashes is obtained by summing the net fataUty changes in the individud crash types. The
reductions more or less cancel out the increases. The point estimate is that a 100 pound
reduction in truck weights, given historicd patterns oftrack design, would be associated with a
saving of40 Uves, or 0.26 percent ofthe 15,312 baseline fetdities mcrashes invohong one or
more light tracks. This reduction is not stetisticaUy significant: its standard deviation is 29.7 (the
square root ofthe sum ofthe squares ofthe six individud standard deviations). The two-sigma
confidence bounds for the estimate range from areduction of 100 fetahties to an increase of20
fatdities. The 3o confidence bounds range from areduction of 130 to an increase of 50. Even
though the effects in four ofthe individud crash types are statisticdly significant, the overall
effect is not, because these effects cancel each other out. The appropriate conclusion is that a
reduction in the weight ofUght tracks would have anegligible overall effect on safety, but it
there is an effect at dl, it is most Ukely amodest reduction offatdities.

It has been demonstrated throughout this report that reducing avehicle's weight increases net
risk in colUsions with substantiaUy larger entities, reduces net risk in coUisions with much
smdler entities, and has Utile effect on net risk in colUsions with vehicles ofabout the same size.
The ody entities smaUer than passenger cars are pedestrians, bicyclists and motorcyclists^
Therefore when car weight is reduced, the modest benefit for pedestrians is far outweighed by
the increase in four types ofcrashes; the net effect is an increase in fatdities. Light trucks, on
the other hand, are usudly heavier than passenger cars, and are ody exceeded in size and
strength by big tracks and fixed objects. As shown in Table 6-8, weight reduction for hght
tracks might generate more benefits to smdler road users than harm for the occupants ofthe
Ught tracks.

At this time, essentiaUy two fleets ofvehicles are sharing the roads: afleet ofrelatively Ught,
vulnerable passenger cars, stable in numbers and in average weight; and afleet ofrelatively
heavy, aggresdve tight tracks, growing in numbers and in average weight. In 1985, there were
116 nillion registered passenger cars, and the average new car weighed 2867 pounds; by 1993,
there were 121 mUUon cars, and the average new car weighed 2971 pounds (see Section 2.3 and
[31], p. 22). During that period, the fleet ofUght trucks grew from 38 miUion to 57 miUion, and
the average weight ofanew track increased from 3560 to 3901 pounds [31], p. 24. Already, in
1992, fatdities in collisions between cars and tight trucks exceeded fatdities in car-to-car
colUsions. Continued growth in the number and wdght ofUght trucks, in the absence of
compensatory safety improvements, is likely to increase the hazard in colUsions between the two
fleets, whUe areduction in the wdght ofthe trucks is likely to reduce harm in such colUsions.

6.4 Sensitivity tests on the coefficients for driver age and gender
The Transportation Research Board (TRB) pand's review ofthe October 1995 draft report noted
that fetdity rates were highly correlated with driver age. Since heavier cars and trucks tend to
have, on the average, older drivers, unadjusted fetdity rates are biased by the driver age factor.
The procedure used in this report was to develop driver-age and gender coefficients from the
data andyses ofChapters 3and 4and instdl them (as exogenous coeffidents) into the
regressions ofChapter 5-6. The TRB panel was concerned that moderate errors in these
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coefficients, or in the way that the model is formulated, codd greatly distort the size-safety
effects predicted bythe models. •

It was noted in Section 5.6 that the driver-age factor is not so criticd in many crash types
because the overinvolvement ofyoung drivers is nearly offset by acomparable ovennvolvement
ofolder drivers in crashes ofthose types. It was asserted that smdl cars (which have many
young drivers) and large cars (which have many older drivers) are on a level playing field m
those crash types. The argument in Section 5.6 was based on direct examination ofthe
regression coefficients for driver age.

Sensitivity tests on these coeffidents dlow aquantitative assessment oftheir impart on the
ultimate estimate ofthe effert ofreducing vehicle weight. Since the driver age and gender
coefficients are exogenous and they are instelled into the find regressions ofthe weight-safety
effect we could change these coefficients to any other vdues we desire, re-run the find
regressions, and see what happens to the model's estimate ofthe weight-safety effert.

Table 6-9 presents the sensitivity tests for the andyses ofpassenger cars. The left two columns
show the estimated relative and absolute change in fetdities per 100-pound reduction mcar
weight, given the baseline coefficients for driver age and gender. They recapitulate the statistics
in Table 6-7 For example, a100-pound weight reduction would be associated with a4.58
percent increase in roUover fatdities, amounting to 80 additiond deaths. In dl types ofcrashes,
fatdities would be predicted to increase by 302.

The next two columns describe the first sensitivity test: dl age-gender coeffidents are set tozero
-ie age and gender are assumed to have no relation to fataUty risk. That is, ofcourse, an
absurd assumption and an extreme sensitivity test in one direction. But the net impart on the
estimated relationship between vehicle weight and safety is not that large. Without the age and
gender effects, the model "estimates" that fetd roUovers wodd increase by 6.01 percent, instead
ofthe baseline 4.58 percent, for every 100-pound reduction in car weight. FataUties mrollovers
would increase by 105, rather than the baseline 80. However, rollovers are the ody type ofcrash
where removing the age and gender efferts has such astrong impact on the relative weight-
safety effect (i.e., up from 4.58 to 6.01, an increase of 1.43). In fixed-object crashes, the impart
on the percentege change is substantiaUy smdler: up from 1.12 to 1.49, an increase of0.37.
However since there are alot more fetdities in fixed-object coUisions than mpnncipd
roUovers,' the impart on the absolute increase is nearly the same: up from 84 to 111. Removing
the age and gender variables has asimUar effert on the percentege change in pedestnan and car-
to-car collisions. But in colUsions with big tracks, and with light tracks, the net effert of
controlling for the car driver's age and sex is practicdly ml: the fetdity increase is essentiaUy
the same with baseline or zero age and gender coeffidents. In those types ofcoUisions, older
drivers are as overinvolved as young drivers, and the effects fuUy cancel one another out.

In dl types ofcrashes combined, amodel that does not control at dl for driver age and gender
predicts an increase of410 fetetities for every 100 pound weight reduction -as compared to the
baseline model's 302. Even this extreme sensitivity test produces resdts within the 3sigma
confidence bounds ofthe baseline model (170-434). Similarly, the third set ofcolumns in Table
6-9 show that amodel with age and gender coefficients set at halfofbasehne levels would
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TABLE6-9

PASSENGERCARS:SENSITIVITYTESTSONTHECOEFFICIENTSFORDRIVERAGEANDGENDER

(Estimatedrelativeandabsolutechangeinfetditiesattributedtoa100poundvehicleweightreduction)

Basdine

Age/Gender
Coefficients

Zero

Age/Gender
Coefficients

50%

ofBaseline
Coefficients

150%

ofBaseline
Coefficients

Double

Baseline

Coefficients

CrashType%N%N%N%N%N

Principdrollover+4.58+80+6.01+105+5.29+93+3.86+68+3.14+55

^Hitfixedobject+1.12+84+1.49+111+1.30+97+0.93+69+0.74+55

Ui

Hitped/bike/motorcycle-0.46-19+0.14*+6-0.16*-7•-0.77-32-1.07-45

Hitbigtruck+1.40+37+1.37+36+1.39+37+1.41+37+1.42+38

Hitanothercar-0.62*-31-0.04*-2-0.32*-16-0.91-46-1.20-60

Hitlighttruck+2.63+151+2.67+154+2.65+152+2.61+150+2.60+150

TOTAL+302+410+356+246+193

»NotastetisticaUysignificanteffert



estimate an increase of 356 fatdities per 100 pound car-weight reduction.

Conversely, when we instell age and gender efferts stronger than the baseline coefficients, the
models attribute to-a 100-pound weight reduction: asmaUer-than-basetine fataUty increase in
rollovers and coUisions with objects, alarger decrease in pedestrian and car-to-car crashes, and
essentidly the baseUne effert in coUisions with big trucks and Ught tracks. At 150 percent of
baseline coefficients for driver age and gender, the model says that fetdities wodd increase by
246, per 100-pound weight reduction, and at double baseline coefficients, the model says
fatalities would increase by 193. Agdn, even the last prediction is within the 3o confidence
bounds ofthe baseline model.

The plausible range oftrue vdues for the age and gender coefficients is undoubtedly narrower
than the span covered in these sensitivity tests. The actud relationship between driver age and
fatel-accident risk isnot redly unknown. The U-shaped trends are readUy seen in aggregate data
on overaU fetdity rates, per capita or per 100,000 Ucensed drivers, such as those displayed in
NHTSA's Traffic Safety Facts 1995 [Report No. DOT HS 808 471, pp. 88 and 94]:

FataUties Per

Age 100,000 Population

16-20 31.9

21-24 29.8

25-34 19.4

35-44 15.1

45-54 13.4

55-64 13.9

65-74 16.6

75+ 26.2

Fatd Involvements

Per 100,000 Drivers

65.2

47.1

33.0

27.1

23.5

21.2

65-69 19.1

70+ 27.9

Aggregate risk is about 2-3 times as large for teenage drivers, and 1V4-2 times as large for old
drivers, as for people in the lowest-risk age groups. Rates typicaUy decrease by 4-6 percent for
each year that adriver gets older, from age 16 to about 35. For example, adecrease from 31.9 at
age 18 to 15.1 at age 35 (fatalities per 100,000 population) is a4.5 percent reduction per year; a
decrease from 65.2 at age 18 to 27.1 at age 35 (fetel involvements per 100,000 drivers) is a5.3
percent reduction per year. At age 35 or slightly higher, the rates level off. Findly, they
increase by 3-4 percent for each year that adriver gets older from about age 55 onwards (e.g., an
increase from 13.9 at age 55 to26.2 at age 75 amounts toa3.2 percent annud increase). Give or
take apercent or two, that's dmost the same as the exogenous driver age coeffidents in all the
baseline models, except roUovers (where the young-driver effert is stronger and the old-driver
effect is negligible). Clearly, the true age coeffidents are not zero, and it is equdly udikely that
they would be as high as double the baseline exogenous coefficients (e.g. 10-15 percent in many
crash types), since that simply wouldn't be consistent with actud fataUty rates.
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^SIare taken into account, the overaU weight-safety effect vanes wthn, the
sampling-error range ofthe baseline estimate.

Me 6-10 presents the corresponding sensitivity andyses for Ugh. Bucks ™*J^>°(n,he

b^^aSTihand, ifthe coefficients are augmented to 150 percent ofbaseline
££te^>*k» adecrease of 103 fatalities, and at double baseline levels the, model
p^trtfa decle of 164 fetelitie, The results from the 50 and1150|~«™T
verv close to the 2-sigma confidence bounds for the basehne model (-100 to +20). The results
ta«££>«! 200percent sensitivity tests comprise astightly wider range than the 3o
confidence bounds for the baseUne model (-130 to +50).

6.5 Sensitivity tests: exclusion ofhigh-performance and sporty vehicles
The TRB panel expressed awidely-held view that small cars have more aggressive drivers than
large cars."even after controlling for driver age, etc. They asserted that to agreater or lesser
extent, it's not the smdl cars, but rather their drivers that are responsible for the hmher^telity
rates "Insofar as more aggressive drivers tend to drive smdler cars, for example, tiie effert of
aggressiveness is incorrectly incorporated into the estimated effectofweight -sueti that
reductions in weight appear to have agreater impart on fetahties than is in fart trae [p. 5ofthe
TRB report].

This view was probably trae in the 1950's, when many light cars were European sports cars and
most heavy cars were domestic sedans. Today, the typicd smdl car may be asedan and its
driver might be ayoung, married woman on her way to work or shopping. Today scars that
have awide reputation for high performance and acUentele ofyoung mde dnvers typically
weigh close to 3,000 pounds: atittle more than the average car on the road.

The TRB panel recommended aspecific procedure to identify whether the inclusion ofmake-
models with aggressive drivers biases the calibration ofthe weight-safety relationship: Another
sensitivity test could attempt to separate, at least partidly, the effects ofdriver aggressiveness
from vehicle weight on fetdity risk by removing from the date base cars known to be associated
with risk taking behavior and high fataUty rates, such as certain sports cars and sport utility
vehicles, and then raiuiing the regression" [p. B-12 ofthe TRB report].

Table 6-11 shows the results ofexcluding sporty and high-performance make-models from the
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TABLE6-10

LIGHTTRUCKS:SENSITIVITYTESTSONTHECOEFFICIENTSFORDRIVERAGEANDGENDER

(Estimatedrelativeandabsolutechangeinfatditiesattributedtoa100poundvehicleweightreduction)

Baseline

Age/Gender
Coefficients

.Zero

Age/Gender
Coefficients

50%

ofBaseline
Coeffidents

150%

ofBaseUne

Coefficients

Double

Baseline

Coefficients

CrashType%N%N%N%N%N

Principdrollover+0.81*+15+2.09+39+1.44+27+0.16*+3-0.47*-9

fHitfixedobject+1.44+47+2.28+74+1.86+61+1.02+33+0.61*+20

00

Hitped/bike/motorcyde-2.03-45-1.39-31-1.71-38-2.35-52-2.67-59

Hitbigtruck+2.63+29+2.84+32+2.73+30+2.53+28+2.43+27

Hitpassengercar-1.39-80-0.65-37-1.02-59-1.76-101-2.13-122

Hitanotherlighttrack-0.54*-6+0.83*+9+0.14*+2-1.23*-14-1.92-21

TOTAL-40+86+23103164

•NotastetisticaUydgnificanteffect



TABLE6-11

PASSENGERCARS:SENSITIVITYTESTSONTHEINCLUSION/EXCLUSIONOFHIGH-PERFORMANCEVEHICLES
(Estimatedrelativeandabsolutechangeinfatditiesattributedtoa100poundvehicleweightreduction)

Baseline:

Includes

AllCars

ExcludingVery
High-Performance

Cars

ExcludingVery
+Somewhat

High-Perf.Cars

Limitedto
4-Door

Sedans

CrashType%N%N%N%N

PrindpdroUover+4.58+80+5.00+87+5.26+92+5.18+91

Hitfixedobject+1.12+84+1.66+124+1.83+136+2.20+164

Hitped/bike/motorcycle-0.46-19-0.59-25-0.59-25-0.41*-17

Hitbigtruck+1.40+37+1.36+36+1.38+37+1.12+30

Hitanothercar-0.62*-31-0.27*-14-0.25*-13-0.07*-4

Hittighttruck+2.63+151+2.81+162+3.01+173+2.45+141

TOTAL+302+370+400+405

•Notastatisticdlysigdficanteffect



weight-safety andyses for passenger cars. The left two columns recapitulate the baseline model,
predicting an increase of302 fetdities per 100-pound weight reduction. The next two columns
show what happens when the Step 2regressions, PC1-PC6 (see Section 6.1) are rerun, excluding
those cars that are widely reputed for being sporty, high-performance, high-horsepower, and/or
attracting an especidly young, carefree clientele:

AU convertibles
Dodge Viper
Chevrolet Camaro
BMW 600

Jaguar XJ-S
AU Porsche

DodgeCharger
Plymouth Turismo
Chevrolet Corvette
Nissan 300ZX
Mazda Miata

Subaru SVX

Dodge Daytona
Ford Mustang
Pontiac Ficro
Honda CRX/del Sol
Mazda RX-7

ToyotaSupra

Dodge Stealth
Mercury Capri
Pontiac Firebird
AcuraNSX

Mercedes SL

Mitsubishi 3000GT

After these cars are excluded, and the regression is ran on the remdning cars, the predicted
effert ofa100-pound weight reduction increases from 302 to 370 fatdities. In other words, the
resdt ofthe sensitivity test runs counter to the view that excluding the aggressively-driven cars
would dampen the observed weight-safety effert. The reason for this wiU be evident from the
weights ofthe excluded cars. In the preceding list, ody the Dodge Charger, Plymouth Turismo,
Honda CRX/del Sol and Mazda Miata are substantially tighter than the average car on the road
(2900 pounds). Most ofthe high-volume cars are close to average weight (Ford Mustang, 2900
pounds) or somewhat heavier (Camaro/Firebird, 3200 pounds). Needless to say, ifmost ofthe
high-performance cars had been substantiaUy heavier than average, their inclusion would have
created abias agdnst heavy cars. But even in the present situation, where most high-
performance cars are close to average-weight, their inclusion tends to make the baseline model
understate the weight-safety relationship. Their inclusion puts some outliers (cars with high
fataUty rates) in the middle ofthe spectrum, and it sUghtly obscures the general trend of
declining fetdity rates as car weight increases. Nevertheless, even this new estimate is within
the 2-sigma confidence bounds ofthe baseline model (+214 to +390).

The preceding list ofmake-models probably includes most ofthose that people consider "very
high-performance." However, there are qdte afew other make-models, not quite as sporty as
that group, but defimtely rader than the typicd family sedan. The next two columns ofTable
6-11 show the results ofregressions excluding the foUowing make-models as well as the
preceding ones:

Plymouth Laser
Mercury Cougar
Cadillac Eldorado
Geo Metro 2 dr
Pontiac T-1000 2 dr

Nissan NX
Mazda MX-6

Toyota MR-2

Eagle Tdon
Buck Reatta
Chev Chevettc 2 dr

Geo Storm
VWScirocco

Nissan Pdsar

Renadt Fuego
Mitsubishi Eclipse

Ford Probe

Buck Riviera
Chev Monte Carlo RWD
Olds Toronado
BMW 850

Honda Prelude
Subaru XT

Hyundai Scoupe

Ford Thunderbird
Cadillac AUante

Chev Sprint2 dr
Pont Grand Prix RWD

Nissan 240SX

Mazda MX-3

Toyota Celica
MerkurX4RTi

With the remaining make-models, the caUbrated effect ofa100-pound weight is an mcrease of
400 fetdities, higher than in the baseUne model and sUghtly higher than in the preceding case.
Again, most ofthe above make-models are fairly close to average-weight; the ody models
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substantidly lighter than average are the 2-door Sprint/Metro, 2-door Chevettett-1000 Geo
StorTsTara XT and VW Scirocco. The predicted increase of400 is still within the 3o bounds
ofthe baseUne model (+170 to +434).

In general, a"famtiy" car is a4-door sedan, hatchback or station wagon. People who choose
aSL aVe racy, sporty or have ahigh-performance image wiU usudl,' prefe.-2-doorcar^ch
as coupes or convertibles. The preceding lists include almost every make-model that iravailable
purely as a2-door. But there are other make-models avdlable in 2-door and 4-door styles It is
safe to say that, even for those make-models, the purchasers ofthe 2-door versions are likely to
be the more aggressive drivers ([16], pp. 3-7). As afind sensitivity test, all 2-door cars,
including convertibles are removed from the date. So are station wagons. The Step 2
regressions (without the body-style variables) are ran on ahomogeneous date id^consisting
Sdusively of4-door sedans and hatchbacks. The right columns ofTable 6-11 show that this
test associates an increase of405 fetdities with a100-pound weight reduction: even aUtile more
than in the two preceding tests, dthough stiU within the 3o bounds ofthe baseline model (+170
to +434).

It is especidly interesting to look at the sensitivity test resdts by type ofcrash. Most ofthe
increase over the baseUne may be found in collisions with fixed objects. The predicted effect of
a100-pound weight reduction is +84 in the baseline, and it increases to +124, +136 and +164 as
ever more high-performance vehicles are excluded. In rollovers and car-to-car coUisions, there
is amodest trend toward greater increases (or smaller decreases). But mcoUisions with
pedestrians, big trucks and tight tracks, there is ody asmdl change and/or an ^consistent
pattern. It is understandable that colUsions with trucks or pedestrians would be unaffected: even
aggressive drivers, udess they are seriously impaired, are likely to exert self-control mthe
presence oftracks or in areas crowded with pedestrians. They wUl be somewhat aggressive
around other cars, but most strongly so on the open road. The largest increases might be
expected in single-vehicle loss-of-control crashes: fixed objects and rollovers. However, at least
during the 1985-93 time frame, high-performance cars have typicaUy had short wheelbases and
wide track widths relative to otiier cars ofsimilar mass (see Appendix D). The wide track width
gives some protection against roUovers, partiaUy compensating for the aggressiveness ofthe
drivers. But there is no comparable protection against fixed-object crashes, and the short
wheelbases could even be an aggravating factor. High-performance cars, mostly ofaverage
weight, have high fixed-object coUision rates, and this partiaUy masks the trend ofdecreasing
fataUty risk ascar weight increases.

The TRB panel dso expressed awidely-held view that the smdlest light trucks have the most
aggressive drivers. Specificdly, smdl, light SUVs with open bodies are favored by young mdes
for recreationd driving. This may be trae; however, the redly small SUVs ody account for a
meager portion ofthe SUV market. In absolute terms, the largest number ofaggressive young
mde drivers can probably be found in the much more popdar mid-sized SUVs (Bronco 2,
Explorer, S-Blazer), whose weights are afew hundred pounds lower than, or equd to the average
for dl light trucks including pickup trucks and vans.

Table 6-12 shows the results of sensitivity tests in which selerted sporty make-models have been
excluded from the weight-safety andyses for light tracks. The left two columns recapitulate the
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TABLE6-12

LIGHTTRUCKS:SENSITIVITYTESTSONTHEINCLUSION/EXCLUSIONOFSPORTYVEHICLES

(EstimatedrelativeandabsolutechangeinfeteUtiesattributedtoa100poundvehicleweightreduction)

Baseline:

Includes

AllLightTrucks

Excluding
Sporty
SUVs

Limitedto

Pickup
Trucks

i

CrashType%N%N%N

Prindpdrollover+0.81*+15+1.33*+25+2.88+54

Hitfixedobject+1.44+47+1.59+52+2.17+71

Hitped/bike/motorcycle-2.03-45-1.75-39-1.46-32

Hitbigtruck+2.63+29+2.40+27+2.51+28

Hitpassengercar-1.39-80-1.73-99-1.71-98

Hitanotherlighttrack-0.54*-6-0.63*-7-0.43*-5

TOTAL
4041+18

•NotastetisticaUysignificanteffert



baseline model, that predicted adecrease of40 fatdities per l0?^1^"*^11"^
next two columns show what happens when the Step 2regressions, LT1-LT6 (see Section 6.2)
are reran, excluding dl SUVs that are widely reputed for being sporty and ided for personal,
recreationd travel byayoung, carefree ctientele:

Jeep Cherokee
Dodge Ramcharger
Chev/GMC K-Blazer
Nissan Pathfinder
Toyota 4-Runner
Suzuki Sidekick

Jeep CJ-7
Ford Bronco
Chev/GMC S-Blazer2 dr
Isuzu Amigo
Toyota Land Cruiser
Daihatsu Rocky

Jeep CJ-8
Ford Bronco 2
Chev/GMC Tahoe/Yukon
Isuzu Rodeo
Mitsubishi Montero 2 dr

JeepWrangler
Ford Explorer 2 dr
Geo Tracker

Isuzu Trooper 2 dr
Suzuki Samurai

In other words, the date are limited to pickup trucks, vans, vehicles on SUV bodies tha are often
used like passenger vans (e.g., Chevrolet/GMC Suburban), and other fa^y-onented SUVs (e.g
4-door Ford Explorer). Table 6-12 shows that excluding the sporty SUVs did not have any red
impart on the bottom-line, or in any ofthe individud crash types. The model predicts *decrease
of41 fetdities, as compared to the baseline prediction of40. Since most ofthe sporty SUVs are
somewhat below, or near the average weight for dl light tracks, thdr inclusion mthe data did
not severely distort the weight-safety trend shown by other types oftracks.

As asecond sensitivity test, aU SUVs and vans are removed from the data, and the Step 2
regressions (without the track-type variables) are ran on the date set consisting exclusively of
pickup tracks. This limited date set is more homogeneous in two ways: (1) dl pickup trucks
have fundamentaUy the same structure and shape; as they get heavier, they get proportionately
wider longer and tdler; (2) the drivers ofsmdl and large pickup tracks have more mcommon
with each other, up to apoint, than with the drivers ofSUVs or vans. The right columns of
Table 6-12 show that this test associates an increase of18 fatdities with a100-pound weight
reduction in pickup trucks. This result differs from the baseline and the preceding test, both of
which predicted decreases; nevertheless, an increase of18 is stiU within the 2o bounds ofthe
baseline model(-100 to +20).

Interestingly, roUovers are the ody crash type where there is aquatitative difference between
this test and the two preceding ones. When the date include dl Ught tracks, or all light tracks
except sporty SUVs, the assodation between mass and roUover fetdity risk is nonsignificant; for
pickup tracks done, each 100-pound weight reduction is associated with astetisticaUy
sigdficant 2.88 percent increase in fetdity risk (which is just over hdfofthe 4.58 percent effert
seen in passenger cars). However, that result is not surprising. We have dready seen a
significant association between track width and roUover risk in light trucks (Table 6-5) as weU as
passenger cars (Table 6-2). When trucks ofdl shapes and types are combined, there is little
correlation between mass and track width. But among pickup trucks done, it isgeneraUy true
that the greater the mass, the greater the track width. Presumably, ifweight reductions codd be
achieved without comparable reductions in track width, there might be tittle weight-safety effert
even in pickup-truckroUovers.
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6.6 Linearity oftheweight-safety relationships
The TRB panel concurred with awidely-held intuition that "the predicted effert ofareduction in
vehicle weight on societd risk depends on how the weight reduction is actudly distributed
across the fleet. For example, areduction in the weight ofsmdl cars is likely to be far more
harmful than areduction in the weight oflarger cars or Ught trucks" [p. 6ofthe TRB report]. At
first glance that would appear to conflict with the models fornrolated in this report. One model
assigns the same 1.13 percent increase in fetdity risk given a100-pound weight reduction in
cars no matter whether the reduction is applied to heavy or Ught cars. Another model assigns
the same 026 percent fetdity reduction given a100-pound weight reduction in hght tracks, no
matter whether the reduction is applied to larger or smdler Ught trucks. On closer inspection,
the widely-held intuition and the models are not necessarily in conflict.

For example, our models imply that truck weights could be reduced, as long as car weights are
held constant, with Uttle cost and probably even asmdl benefit to society. Conversely, given a
reduction in car weight, whUe track weights are held constant, the models would predict an
increase in fatdities. Thus, in our models, consistent with mtuition, the effert on societd nsk is
qwte dependent on whether the weight reduction is apptied to cars or Ught tracks.

But what ifwe limit weight reductions to cars, and omit light tracks from consideration for the
time being? The widely-held intuition appears to be that it is better to reduce the weight oflarge
cars leaving smdl cars unchanged, than to apply the weight reductions equdly across the board.
This view is dso, up to apoint, condstent with our model. Even ifthe percent change mfatahty
risk is the same for a100-pound weight reduction in large cars or smdl cars, the absolute
change wiU be larger in the smdl cars. Since large cars have lower fetaUty risk than smdl cars,
a1percent increase among the large cars is asmaUer absolute number offatalities than a1
percent increase among the smdl cars.

However, there are many who believe that the difference goes further than this. They beUeve
that a100-pound reduction in large cars would have asmdl percentage effect, or maybe even
no societd effert at dl, whUe aweight reduction in smdl cars would have a large percentege
effert. In that case, our model, which assumes alinear relationship between car weight and the
logarithm ofthe fetdity rate, wodd seriously misfit the date.

The vdidity ofthe linear model can be demonstrated by graphing, by car weight: (1) the log of
the actud fetdity rate (after adjustment for dl variables except car weight) and (2) the log ofthe
predicted fetdity rate. The model's predicted log-fatelity rates wiU in dl cases follow astraight
line Ifthe linear model is vdid, the actud data points should follow that line, give or take
sampling error. But ifthe relative weight-safety relationship is stronger for smdl cars than large
cars we shodd see the actud date points diverging from the straight tine: dipping sharply below
the tine on the left halfofthe graph, and then leveling out on the nght half.

In addition to testing the uniformity in the weight-safety effect, this andysis wiU also address
another concern rdsed by TRB: model vdidation. "One can postdate andfit alinear regression
model to the logarithm ofthe odds ofafetdity. Whether in feet the model should be linear m
each ofthe predictor variables is aquestion that should be addressed. Plotting residuals from a

154



fit to the data is just one technique that can be used to assess the validity ofthe "nearity^sumption [emphasis added]....The possibUity ofserious outlier effects... [or] extreme predictor
vdues (leverage points) should dso be assessed" [p. B-5 ofthe TRB report].

Thus, in perusing Figures 6-1 to 6-12, we shodd be on the lookout for

In general, actud datit points that poorly fit themodel's regression line
Specifically, apattern in the actud date points ofimtid sharp drop foUowed by levehng
out indicating aweight-safety effert that gets weaker as the vehicles get heavier

• Any tendency ofthe regression Une to be influenced by outlying actud date points and
diverted from the main body of actud date points.

Fisure 6-1 graphs the adjusted actud fetdity rate (ADJACTL, shown as "A") and the predicted
fetdity rate (ADJEXP, shown as "•"), by car weight, in passenger car rollovers. The model was
ran for dl cars except the very sporty and high-performance models (tiiefirst group ofmake-
models listed in Section 6.5). The horizontd axis is car wdght. ADJEXP is the loganthm oftiie
fetdity rate, normalized to the rate for a2000-pound car, with dl control vanables a,,...,an other
than vehicle weight set to their average vdue:

ADJEXP (w) =log Rp«dicted(w,a „...,a „) - log Rp^(2000,5, a„)

In the case ofroUovers, where the regression excluding very performance cars predicted a15^00
percent increase in fatality risk for every 100-pound weight reduction (see Table 6-11), ADJEXP
(w) =000500 (w -2000). The data are subdivided into 100-pound class intervds ofweight
(e g, 1850-1949,1950-2049, etc.). Class intervds with fewer than 2,000,000 Step-1-adjusted
vehicle registration years (REGS) are not shown in Figure 6-1. For adass-intervd ofweight
with centroid w, the adjusted actud fetdity rate ADJACTL (w) is ADJEXP (w) plus the average
residud ofactud vs. expected fetdity rates for the various make-models (m) whose weight is
within that class intervd:

ACTL(w) =SB{loglR^w^,...,* J)] xREGS (m)} /SmREGS (m)
EXPEC (w) =Sm {.oglR,,^^.^.....*- J)] xREGS (m)} /EmREGS (m)

RESDD (w) = ACTL(w) - EXPEC (w)
ADJACTL (w) = ADJEXP (w) +RESJD (w)

Figure 6-1 shows avery good linear fit for adjusted roUover fataUty risk by car wdght. The
actud data points closely foUow the model's trend Une, give or take moderate sampling error,
throughout the spectrum ofcar weights. There is no evidence that the actud fetdity rates have a
sharper-than-trend drop at the lower weights or aleveling out at the higher weights. Nor are
there any important outliers that appear todivert the trend Une from the pattern in the actud date.
In other words, Figure 6-1 suggests that rollover risk increases bya fairly constant 5 percent per
100-pound weight reduction, for smdl cars as well as large cars.

Figure 6-2 shows the actud and expected fatality rates in coUisions ofcars with fixed objects,
after adjusting for all other control variables. The fit is not as good as in Figure 6-1. There
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FIGURE 6-1

PASSENGER CAR ROLLOVERS: FATALITY RISK BYVEHICLE WEIGHT

(After adjustment for dl other control variables; excluding very high-performance cars)

A =actud rate; • =rate predirted bythemodel

ADJACTL I

0.0 +

•0.2 +

-0.4 +

•0.6 +

-0.8 +

-1.0 +

1800

• A

• A

A •

+-.

2100

+--

2400

A A

2700

+

3000

CAR HEIGHT

156

• A

—+-.

3300

A •

A •

A

3600

._•+-.

3900



FIGURE 6-2

PASSENGER CAR COLLISIONS WITH FIXED OBJECTS
FATALITY RISK BY VEHICLE WEIGHT

(After adjustment for dl other control variables; excluding very high-performance cars)

A =actud rate; • =rate predirted bythemodel
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2 ^£rfSe «lativeTo signd, but the residuds do not seem to show any pattern; theIS polite £?£R£2 below the trend line throughout the range ofcar weights.
Fmure 6-4 graphs the fataUty trend in collisions between cars and heavy trucks as afunction ofheight8te appearance is qmte similar to Figure 6-3, except that fetdity nsk deceasesrXSmcreaTes, as car weight goes up. Agdn, this is aUnear trend with low statisticd
significance, and no obvious pattern in the residuds.
In Section 61the baseline regression for car-to-car coUisions -the risk ofafateUty in eithei-car
uaSon ofti\e weight ofThe case car -did not produce astetisticaUy sigmficant coefficient
£ are unrelated, or'because the relationship is so nonlinear as to escape^etection by a
Unear regression? Figure 6-5 shows the fetdity rates in two-car collisions as afunction ofthe5tS^caf The actud fetaUty rates appear to be randomly scattered and do not show
any pattern, linear or otherwise, relative to car weight.

Figure 6-6 addresses the crash type in which the weight-safety effert had the highest level of
statisticd significance. It graphs the fataUty risk in colUsions between cars and hght trucks as a
function ofcar weight. The actud, adjusted fetaUty rates fit the lineartrenline ex^edmgly
well. In fact, this is one ofthe best Unear fits ever found in any andysis of fetel traffic accident
rates in a NHTSA evduation.

Figures 6-7 -6-12 present the corresponding weight-safety trends in crashes involving light
trucks Sporty SUVs have been excluded from the andyses that produced the graphs. Since the
data base for tight tracks is smaUer than that for cars, dl ofthese figures wUl tend to show more
sampling error than Figures 6-1 -6-6. Figure 6-7 shows the trends in tight-truck roUovers^ hi
the baseline model for rollovers, the regression coefficient for truck weight was negative but fel
short of statisticd significance. Consistent with that result, Figure 6-7 shows actud fatahty rates
that are randomly scattered, but with just ahint ofadownward trend as weight increases. There
is no evidence ofanonlinear effert, or ofastronger weight-safety trend mthe hght tracks than
in the heavier ones.

Figure 6-8 graphs fetaUty rates in coUisions with fixed objects. While there is adefimte
tendency ofdecreasing risk as truck weight increases, there are some exceptions to agood hnear
fit The actud fetdity rates follow the trend line weU at first, then appear to level offmthe
middle ofthe weight range, and drop sharply agdn at the top ofthe range. It is Possible that the
outliers on the left and right are making the trend line steeper than it ought to be. Nevertiidess,
the date do not suggest that anodinear model wodd be better than the hnear one, or that the
weight-safety effect is stronger for the smaUer light tracks.
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pirrmF 63 PASSENGER CAR COLLISIONS WITH PEDESTRIANS

(After adjustment for dl other control variables; excluding very high-performance cars)
A=actud rate; • =rate predirted by the model
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FIGURE 6-4

PASSENGER CAR COLLISIONS WITH HEAVY TRUCKS
FATALITY RISK BY CAR WEIGHT

(After adjustment for dl other control variables; excluding very high-performance cars)

A =actud rate; • =rate predirted bythemodel
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FIGURE 6-5

COLLISIONS BETWEEN TWO PASSENGER CARS
FATALITY RISK BY CASE VEHICLE WEIGHT

(After adjustment for dl other control variables; excluding very high-performance cars)
A=actud rate; • =rate predirted by the model
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FIGURE 6-6

PASSENGER CAR COLLLISIONS WITH LIGHT TRUCKS
FATALITY RISKBY CARWEIGHT

(After adjustment for dl other control variables; excluding very high-performance cars)
A=actud rate; • =rate predirted by the model
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FIGURE 6-7

LIGHT TRUCK ROLLOVERS: FATALITY RISK BY VEHICLE WEIGHT

(After adjustment for dl other control variables; excluding sporty SUVs)

A=actud rate; • ° rate predirted by the model
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FIGURE 6-8 LIGHT TRUCK COLUSIONS WITH FIXED OBJECTSFIGURE 68.£^iTy WSK BY vEHjcLE ^qht

(After adjustment for dl other control variables; excluding sporty SUVs)
A=actud rate; • - rate predirted by the model
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Figure 6-9 indicates astrong trend ofincreasing fataUty risk for pedestrians, bicyclists and
motorcyctists as the weight ofUght tracks increases. The linear fit is quite good, and there is no
discemable patternin the residuds.

Figure 6-10, with somewhat more sampling error, shows aclear tendency toward lower fetdity.
risk, as the weight ofthe light truck increases, in the coUisions ofUght trucks with big tracks.
The Unear fit is adequate.

Figure 6-11 shows an excellent linear fit. As the weight ofUght trucks increases, so does the
fataUty risk in colUsions ofUght tracks with cars (most ofthe fatdities being car occupants).
Except for two or three outiiers, most ofthe actud fetdity rates are close to the trend line.

In Figure 6-12, the actud data points for colUsions between two light tracks are scattered
without any discemable pattern, consistent with the regression andysis that did not show a
significant weight-safety effert in those coUisions.

In summary, none ofthe figures showed aweight-safety effert that became weaker toward the
heavy end ofthe vehicle spectrum, or any other obvious nodinear trend that would
contraindicate the linear model used throughout this report. In dl cases, the wdght-safety effert
was either reasonably uniform (a constant percentege change per 100-pound weight reduction) or
it was close to zero.

6.7 Sensitivity tests: concentrating the weight reductions on the heaviest vehicles
We have stated that even with equd percentage changes in fetdity risk per 100-pound weight
reduction in large cars or smaU cars, the absolute change wtil be larger in the smdl cars. Since
large cars have lower fetdity risk than smdl cars, a1percentincrease among the large cars is a
smaUer absolute number offetdities than a 1percent increase among the smdl cars. Table 6-12
provides arather extreme sensitivity test for this effert by examimng what happens ifthe entire
weight reduction were to be applied to the heaviest 20 percent ofcars on the road (those
weighing 3262 pounds or more, in the MY 1985-93 fleet): ifthese cars were to be reduced by
500 pounds (and the other 80 percent ofcars left unchanged), rather than dl cars on the road
being reduced by 100pounds.

The baseline model estimated that ifdl cars were reduced by 100 pounds, roUover fatdities
wodd increase by 80. Table 6-13 indicates that the roUover fetdity rate, per miUion car years,
among cars weighing 3262 pounds or more is ody 55 percent as high as the aggregate fatality
rate for dl cars on the road. (The fetaUty rate is lower in the heavy cars partiy because their size
makes them less roUover-prone, partiy because their drivers are less Ukely to exhibit behavior
that leads to roUover crashes.) Thus, ifthe entire weight reduction were apptied tothose cars,
the fataUty increase would ody be 55 percent as much -viz., 44 fetdities. AsimUar effect, but
to alesser extent, wiU occur in coUisions with fixed objects, pedestrians, heavy trucks and Ught
tracks. Car-to-car coUisions have not been included in Table 6-13 because the baseUne weight-
safety effert was nonsignificant and because the simple computetiond method, as described
above, cannot be apptied. Excluding car-tb-car collisions, Table 6-13 shows that the baseline
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FIGURE 6-9

LIGHT TRUCK COLLISIONS WITH PEDESTRI^S^ICYOJSTS
AND MOTORCYCLISTS: FATALITY RISK BY LIGHT TRUCK WEIGHT

(After adjustment for dl other control variables; excluding sporty SUVs)

A=actud rate; • - rate predirted by the model
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FIGURE 6-10

LIGHT TRUCK COLLISIONS WITH HEAVY TRUCKS
FATALITY RISK BYUGHT TRUCK WEIGHT

(After adjustment for all other control variables; excluding sporty SUVs)

A=actud rate; • =rate predirted by the model
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ADJACTL

FIGURE 6-11

LIGHT TRUCK COLUSIONS WITH PASSENGER CARS
FATAUTY RISK BY LIGHTTRUCK WEIGHT

(After adjustment for dl other control variables; excluding sporty SUVs)

A =actud rate; • =rate predirted bythe model
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FIGURE 6-12

COLLISIONS BETWEEN TWO LIGHT TRUCKS
FATALITY RISK BY CASE VEHICLE WEIGHT

(After adjustment for all other control variables; excluding sporty SUVs)

A =actud rate; • =rate predicted by the model
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TABLE6-13

PASSENGERCARS:SENSITIVITYTEST-CONCENTRATINGTHEWEIGHT
REDUCTIONSONTHEHEAVIEST20PERCENTOFTHECARS

(excludingcar-to-carcollisions)

CrashType

BaselineFatdity
Change:AllCars

Reduced100Pounds

s.-

Principdrollover+80

O
Hitfixedobject+84

Hitped/bike/motorcycle-19

Hitbigtruck+37

HitUghttrack+151

TOTAL
(excludingcar-to-car)

+333

Fflt»1itvRateinHeaviest20%
FatdityRateinAllCars

.55

.74

.94

.93

.83

FataUtyChange:
Heaviest20%ofCars
Reduced500Pounds

+44

+62

-18

+35

+125

+248



model predicts an increase of333 fatdities (in the other 5crash types) ifdl ^ arej^uced by
™00 nounds But the increase is ody 248 ifthe heaviest 20 percent ofcars are educed by 500
nounTantheOthers are left done That is asubstantial mitigation ofthe fetehtj^creas,
Cr4dess even this new estimate is within the 3-sigma confidence bounds °fthe basehne
model excluding car-to-car colUsions (point estimate 333, one standard deviation 36.4,3o
bounds +223 to +443).

SimUarlv Table 6-14 shows that concentrating the weight reduction among the heaviest 20
P^reenfSt iracks on the road during 1989-93 (those weighing 3909 pounds or more) wodd
experted to result in societd savings (coUisions with pedesttians and cars), the: heaviest^hght
tiucks have higher-than-average fetaUty rates, and where weight reductions are associated with
SsedSroUovers, fixed objects, colUsions with big tracks), the heaviest hght trucks have
Tow^tiT-av rage risk.* For example, the baseline model estimated tiiattfaU hght tracks^were
XJedby 100 pounds, roUover fatalities wodd increase by 15. Table 6-14 indicates that the
oUovTr fetality rate, per milUon years, among Ught trucks wdghing£909 pounds or more is
0^89 percent as Wgh as the rate for dl Ught trucks on the road. Thus, ifthe entire weight?Son^pptiedtothosetrac^ Excluding coUisions
between two tight trucks, Table 6-14 shows that the baseline model predicts adecrease of34
fetdities (in the other 5crash types) ifdl Ught trucks are reduced by 100 pounds.But tiie
decrease could escdate to 65 ifthe heaviest 20 percent ofcars are reduced by 500 pounds and
the others are left done. Nevertheless, this new estimate is within the 2o confidence bounds of
the baseline model excluding collisions between two Ught trucks (point estimate -34, one
standard deviation 28.2,2o bounds -91 to +23).
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TABLE6-14

LIGHTTRUCKS:SENSITIVITYTEST-CONCENTRATINGTHEWEIGHT
REDUCTIONSONTHEHEAVIEST20PERCENTOFTHETRUCKS

(excludinglighttruck-to-lighttrackcollisions)

CrashType

BaselineFatdity
Change:AllTrucks

Reduced100Pounds
i

^^

PrindpdroUover+15

N>
Hitfixedobject+47

Hitped/bike/motorcycle-45

Hitbigtrack+29

Hitpassengercar-80

TOTAL

(excludingLT-to-LT)
-34

FatditvRateinHeaviest20%

FatdityRateinAllTrucks

.89

.88

1.06

.82

1.20

FatdityChange:
Heaviest20%ofTracks

Reduced500Pounds

+13

+41

-47

+24

-96

-65
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APPENDIX A

VALID VIN1-VIN3 COMBINATIONS FOR 1981-93 VEHICLES
(occurring on 1989-93 FARS data)

VIN * VEHICLE TYPE

10T

17N

1AC*

1AC* AM

1AM

1B3 BE
1B4* TD

1B4* TD

1B5

1B6* TD

V5=D,N,R
1B6* TD

1B6*

1B7* TD

V5=D,N,R
1B7* TD

1B7* TD

1B7*

1C3

1C4

1FA

1FB* TE

1FB*

1FC*

1FC*

IFD* TE

IFD*

IFD* TE

IFF

IFM* TE

IFM*

IFM* TE

1FT* TE

1FT*

1FT* TE

1FU

1FV

1G0* TF

1G0*

1G1 DD

1G2 DP

V5=D,W(81-88);E,M(89-93)

OSHKOSH US HEAVY TRUCK
UNKNOWN US HEAVY TRUCK, VINA_MOD=TPA, MY=89
AMC EAGLE CAR US 81-83
EAGLE PREMIER CAR US 88
AMC/RENAULT US CAR 81-83
DODGE US CAR
DODGE RAMCHARGER US SUV
DODGE US VAN V5=B,K
DODGE US VAN-BUS
DODGE US PICKUP V4 NE M
,W(81-88);E,G,L,M(89-93) „„•
DODGE US VAN (INCOMPLETE) V5=B,K
DODGE US HEAVY PICKUP V4=M V5=D,W(81-88);E,M(89-93)
DODGE US PICKUP V4 NE M
,W(81-88);E,G,L,M(89-93)
DODGE RAMPAGE US PICKUP-CAR 82-84 V5=Z
DODGE US VAN (CARGO) V5=B,K
DODGE US HEAVY PICKUP V4=M V5=D,W(81-88);E,M(89-93)
CHRYSLER US CAR
CHRYSLER TOWN&COUNTRY VAN US
FORD US CAR m ,
FORD US VAN-BUS GVW LE 10,000 V4=A-J
FORD US VAN-BUS GVW GT 10,000 V4=K-Z
FORD US STRIPPED CHASSIS GVW LE 10,000
FORD US STRIPPED CHASSIS GVW GT 10,000
FORD US INCOMPLETE PICKUP V4=A-J V5=F,R/W,X .Jf-J-Jv.
FORD US HEAVY TRUCK/BUS V4=K-Z(ALWAYS) V6=5-9(USUALLY)
FORD US INCOMPLETE VAN V4=A-J V5=A,E,S V6=l-4
FORD US HEAVY TRUCK (GLIDER KIT)
FORD US SUV V4=A-J V5=U V6=l-3
FORD US HEAVY VAN V4=K-Z • „„ « A
FORD US PASSENGER VAN V4=A-J V5=A,E,S V6=l-4
FORD US PICKUP V4=A-J V5=F,R,W,X V6=l-3 /TT„T„TTV,
FORD US HEAVY TRUCK V4=K-Z (ALWAYS) V6=5-9 (USUALLY)
FORD US VAN V4=A-J V5=A,E,S V6=l-4
FREIGHTLINER US HEAVY TRUCK
FREIGHTLINER US HEAVY TRUCK
GMC US VAN-BUS (GVW LE 10000) V4=B-H
GMC US HEAVY VAN-BUS (GVW GT 10000) V4=J-K
CHEVROLET US CAR
PONTIAC US CAR

**

BC

UA

CF

V4=A-J

V4=K-Z

Polk MAKE_ABR codes for 1985-93 passenger vehicles
More than one type of vehicle with this VIN
2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VTN $ VEHICLE TYPE

1G3 DO
1G4 DB
1G5* TF
1G5* TF
1G5
1G6 DC

1G7

1G8* TA

1G8* TA

1G8* DR

1GA* TA

1GA*

1GB* TA
1GB* TA

1GB* TA

1GB*

1GB*

1GB*

1GB*

1GC* TA

1GC* TA

1GC* TA

1GC* TA

1GC*

1GC*

1GC*

1GD* TF

1GD* TF

1GD* TF

1GD* TF

1GD*

1GD*

1GD*

1GD*

IGF

1GH UB

1GJ* TF

1GJ*

1GK* TF

1GK* TF

1GM UC

1GN* TA

1GN* TA

1GT* TF

1GT* TF

1GT* TF

1GT* TF

1GT*

OLDSMOBILE US CAR
BUICK US CAR
GMC US SUV 81-86 V4=B-H V5=C,K,S,T V7=6,8
GMC US VAN 81-86 V4=B-H V5=G,M V7=5,9
PONTIAC US INCOMPLETE CAR 89-93 (RARE IN US)
CADILLAC US CAR ,„„„ T„ rro\
PONTIAC US CAR FOR CANADIAN MARKET (RARE IN US)
CHEVROLET US SUV 81-86 V4=B-H V5-CfK,S.T V7=6,8
CHEVROLET US VAN 81-86 V4=B-H V5=G,M V7=5,9
SATURN US CAR 91-93 V4=Z
CHEVROLET US VAN-BUS (GVW LE 10000) V4=B-H
CHEVROLET US HEAVY VAN-BUS (GVW GT 10000) V4-J-K
CHEVROLET US PICKUP V4=B-H V5=C,D,K,R,S,T,V V7=3,4,9
CHEVROLET US SUV V4=B-H V5=C,K,R,S,T,V V7=6,8
CHEVROLET US VAN V4=B-H V5=G,L,M,P V7=5,9
CHEVROLET US HEAVY PICKUP V4=J-K V5=C,K,R,S,T,V
CHEVROLET US HEAVY VAN V4=J-K V5=G,L,M,P
CHEVROLET US HEAVY TRUCK V5=4-9 V6 NE P,S
CHEVROLET US BUS V5=4-9 V6=P,SC^VROLET US PICKUP V4=B-H V5=C,D,K,R,S T,V V7=3,4,9
CHEVROLET US SUV V4=B-H V5=C,K,R,S,T(V V7=6,8
CHEVROLET US VAN V4=B-H V5=G,L,M,P V7=5,9
CHEVROLET EL CAMINO US PICKUP-CAR 81-84 V5»W
CHEVROLET US HEAVY PICKUP V4=J-K V5=C,K,R,S,T,V
CHEVROLET US HEAVY VAN V4=J-K V5=G,L,M,P
CHEVROLET US HEAVY TRUCK V5=4-9
GMC US PICKUP V4=B-H VS^^^^^^T^V V7=3,4,9
GMC US SUV V4=B-H V5=C,K,R,S,T,V V7=6,8
GMC US VAN V4=B-H V5=G,L,M,P V7=5,9
GMC CABALLERO US PICKUP-CAR 81-84 V5=W
GMC US HEAVY PICKUP V4=J-K V5=C,K,R,S,T,V
GMC US HEAVY VAN V4=J-K VSsG^L^/P
GMC US HEAVY TRUCK V5=4-9 V6 NE P,S
GMC US BUS V5=4-9 V6=P,S
US TRANSIT BUS (make unknown)
OLDSMOBILE SILHOUETTE/BRAVADA US VAN/SUV
GMC US VAN-BUS (GVW LE 10000) V4=B-H
GMC US HEAVY VAN-BUS (GVW GT 10000) V4=J-K
GMC US SUV 87-93 V4=B-H V5=C,K,R,S,T,V V7=6,8
GMC US VAN 87-93 V4=B-H V5=G,L,M,P V7=5,9
PONTIAC TRANS SPORT US VANCHEVROLET US SUV 87-93 V4=B-H V5=C,K,R,S,T^V V7-6,8
CHEVROLET US VAN 87-93 V4=B-H V5=G'L'M'P„ ^7=5'9
GMC US PICKUP V4=B-H V5=C,D,K,R,S,T,V V7=3,4,9
GMC US SUV V4=B-H V5=C,K,R,S,T,V V7=6,8
GMC US VAN V4=B-H V5=G,L,M,P V7=5,9
GMC CABALLERO US PICKUP-CAR 81-84 V5=W
GMC US HEAVY PICKUP V4=J-K VSsCK.R^S^.V

**

Polk MAKE ABR codes for 1985-93 passenger vehicles
More than-one type of vehicle with this VIN hicle ^e)
2 or more Polk MAKE_ABR codes for this VIN (see venicie iypey
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VIN t VEHICLE TYPE

1GT* GMC US HEAVY VAN V4=J-K V5=G,L,M,P
1GT* GMC US HEAVY TRUCK V5=4-9
1HD HARLEY-DAVIDSON US MOTORCYCLE
1HF HONDA US MOTORCYCLE
1HG IS HONDA US CAR
1HS NAVISTAR/INTERNATIONAL US HEAVY TRUCK
1HT NAVISTAR/INTERNATIONAL US HEAVY TRUCK
1HT NAVISTAR/INTERNATIONAL US BUS
1HV NAVISTAR/INTERNATIONAL US SCHOOL BUS
1J4 TH JEEP US SUV 89-93
1J7 TH JEEP COMANCHE US PICKUP 89-93
1JC TH JEEP US SUV 81-88
1JT* TH JEEP US PICKUP 81-88 V6=2,6
1JT* TH JEEP US SUV 81-88 V6 NE 2,6
1JV MARMON US HEAVY TRUCK
1LJ LINCOLN US LIMOUSINE
1LN CL LINCOLN US CAR
1M1 MACK US HEAVY TRUCK
1M2 MACK US HEAVY TRUCK
1M3 MACK US HEAVY TRUCK
1MB MERCEDES-BENZ US HEAVY TRUCK
1ME CM MERCURY US CAR
1MR CL LINCOLN MARK/CONTL US CAR 81-86
1N4 IN NISSAN US CAR
1N6 WA NISSAN US PICKUP TRUCK
INK KENWORTH US HEAVY TRUCK
1NX JN NUMMI TOYOTA COROLLA US CAR
1P3 BP PLYMOUTH US CAR
1P4* PLYMOUTH TRAILDUSTER US SUV 81-82
1P4* TL PLYMOUTH GRAND VOYAGER US VAN 87-93
1P7 PLYMOUTH SCAMP US PICKUP-CAR 82-84
ITU US TRANSIT BUS (make unknown)
1V1 VW RABBIT PICKUP-CAR US 81-83
1VW JQ VW US CAR
1WA AUTOCAR US HEAVY TRUCK 81-88
1WB AUTOCAR US HEAVY TRUCK (INCOMPLETE) 81-88
1WD AUTOCAR US HEAVY TRUCK (GLIDER KIT) 81-88
1WK WESTERN STAR US HEAVY TRUCK 81-84
1WL WESTERN STAR US HEAVY TRUCK (INCOMPLETE) 81-84
1WM WESTERN STAR US HEAVY TRUCK (GLIDER KIT) 81-84
1WU WHITE US HEAVY TRUCK 81-88 „,„,„.,
1WW UNKNOWN US HEAVY TRUCKS, VINA_MOD=S/P, MY=84-87
1WX WHITE US HEAVY TRUCK (INCOMPLETE) 81-88
1WY WHITE US HEAVY TRUCK (GLIDER KIT) 81-88
1XK KENWORTH US HEAVY TRUCK
1XM AM RENAULT ALLIANCE-ENCORE US CAR
1XP PETERBILT US HEAVY TRUCK
1Y1 KE NUMMI CAR (NOVA/PRIZM) US

X Polk MAKE_ABR codes for 1985-93 passenger vehicles
* More than one type of vehicle with this VIN
** 2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN t VEHICLE TYPE

1YV IW MAZDA US CAR
1ZV CF FORD PROBE US CAR
2A3 IMPERIAL CANADA PRE-85 CAR
2B3 BE DODGE CANADA CAR
2B4* TD DODGE CANADA VAN (GVW LE 10000) V4=D-L
2B4* DODGE CANADA HEAVY VAN (GVW GT 10000) V4=M
2B5 TD DODGE CANADA VAN-BUS
2B6 TD DODGE CANADA VAN (INCOMPLETE)
2B7 TD DODGE CANADA VAN
2BC TH JEEP CANADA SUV 87-88
2CI KE GEO METRO CANADA CAR
2C3 BC CHRYSLER CANADA CAR
2CC AM AMC EAGLE CANADA CAR 81-88
2CM AMC CANADA PRE-85 CAR
2CN TA CAMI GEO TRACKER CANADA SUV 90-93
2E3 AM EAGLE CANADA CAR 89-93
2FA CF FORD CANADA CAR
2FB* FORD CANADA VAN-BUS 81 GVW LE 10,000 V4=A-J
2FB* FORD CANADA VAN-BUS 81 GVW GT 10,000 V4=K-Z
2FD* TE FORD CANADA INCOMPLETE PICKUP V4=A-J V5=F,X V6=l-4
2FD* FORD CANADA HEAVY PICKUP V4=K-Z
2FT* TE FORD CANADA PICKUP V4=A-J V5=F,R,W,X V6=l-3
2FT* FORD CANADA HEAVY PICKUP/VAN V4=K-Z
2FT* FORD CANADA VAN 81-82 V4=A-J V5=E,S V6=l-3
2FU FREIGHTLINER CANADA HEAVY TRUCK
2FV FREIGHTLINER CANADA HEAVY TRUCK
2G0* TF GMC CANADA VAN-BUS (GVW LE 10000) V4=B-H
2G0* GMC CANADA HEAVY VAN-BUS (GVW GT 10000) V4=J-K
2G1 DD CHEVROLET CANADA CAR
2G2 DP PONTIAC CANADA CAR
2G3 DO OLDSMOBILE CANADA CAR
2G4 DB BUICK CANADA CAR
2G5 TF GMC CANADA VAN 81-86
2G7 PONTIAC CANADA PRE-85 CAR
2G8 TA CHEVROLET CANADA VAN 81-86
2GA* TA CHEVROLET CANADA VAN-BUS (GVW LE 10000) V4=B-H
2GA* CHEVROLET CANADA HEAVY VAN-BUS (GVW GT 10000) V4=J-K
2GB* TA CHEVROLET CANADA PICKUP V4=B-H V5=C,K,R,S,T,V
2GB* TA CHEVROLET CANADA VAN V4=B-H V5=G,P V7=5,9
2GB* CHEVROLET CANADA HEAVY PICKUP V4=J-K V5=C,K,R,S(T,V
2GB* CHEVROLET CANADA HEAVY VAN V4=J-K V5=G,P
2GC* TA CHEVROLET CANADA PICKUP V4-B-H V5=C,D,K,R,S,T,V
2GC* TA CHEVROLET CANADA VAN V4=B-H V5=G,H,P Y7"5'9 e - ,,
2GC* CHEVROLET CANADA HEAVY PICKUP V4=J-K V5=C,K,R,S,T,V
2GC* CHEVROLET CANADA HEAVY VAN V4=J-K V5=G,H,P
2GD* TF GMC CANADA PICKUP V4=B-H V5=C,D,K,R,S,T,V
2GD* TF GMC CANADA VAN V4=B-H V5=G,P V7=5,9
2GD* GMC CANADA HEAVY PICKUP V4=J-K V5=C,K,R,V

* Polk MAKE_ABR codes for 1985-93 passenger vehicles
* More than one type of vehicle with this VIN** for more ?o1k MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN

2GD*

2GD*

2GJ* TF

2GJ*

2GK TF

2GN TA

2GT* TF

2GT* TF

2GT*

2HG IS

2HM KI

2HS

2HT

2HT

2J4

2M1

2M2

2ME

2NK

2P3

2P4

2P5

2S2

2S3

2T1

2WK

2WL

2WM

2XK

2XM AM

TH

VEHICLE TYPE

GMC CANADA HEAVY VAN V4=J-K V5=G,P
GMC CANADA HEAVY TRUCK V5=4-9
GMC CANADA VAN-BUS (GVW LE 10000) V4=B-H
GMC CANADA HEAVY VAN-BUS (GVW GT 10000) V4=J-K
GMC SPORTVAN CANADA VAN 87-93
CHEVROLET SPORTVAN CANADA VAN 87-93
GMC CANADA PICKUP V4=B-H V5=C,K,R,V
GMC CANADA VAN V4=B-H V5=G
GMC CANADA HEAVY VAN V4=J,K V5=G V7=l
HONDA CIVIC CANADA CAR
HYUNDAI SONATA CANADA CAR „„„««.
NAVISTAR/INTERNATIONAL CANADA HEAVY TRUCK
NAVISTAR/INTERNATIONAL CANADA HEAVY TRUCK
NAVISTAR/INTERNATIONAL CANADA BUS
JEEP WRANGLER CANADA SUV 89-93
MACK CANADA HEAVY TRUCK
MACK CANADA HEAVY TRUCK
MERCURY CANADA CAR
KENWORTH CANADA HEAVY TRUCK
PLYMOUTH GRAN FURY CANADA CAR 82-83
PLYMOUTH VOYAGER CANADA VAN
PLYMOUTH CANADA VAN-BUS 81-83
SUZUKI SWIFT CANADA CAR 91-93
SUZUKI SIDEKICK CANADA SUV 90-93
TOYOTA COROLLA CANADA CAR 90-93
WESTERN CANADA HEAVY TRUCK
WESTERN CANADA HEAVY TRUCK (INCOMPLETE)
WESTERN CANADA HEAVY TRUCK (GLIDER KIT)
KENWORTH CANADA HEAVY TRUCK
EAGLE PREMIER 88 CANADA CAR

CM

TL

KS

WU

JN

3B3 BE
3B4* TD

3B7 TD

3C3 BC

3 FA CF

3FC

3NM

3G1 DD

3G4 DB

3GC TA

3GT TF

3H1

3MA CM

3N1

3P3 BP

3VW JQ

DODGE MEXICO CAR
DODGE RAMCHARGER MEXICO SUV V5=D,W(81-88);E,M(89-93)
DODGE MEXICO D/W PICKUP 90-93
CHRYSLER MEXICO CAR
FORD MEXICO CAR 91-93
FORD MEXICO HEAVY TRUCK V6=5-9
KENWORTH MEXICO HEAVY TRUCK
CHEVROLET MEXICO CAR
BUICK MEXICO CAR
CHEVROLET EL CAMINO MEXICO PICKUP-CAR
GMC CABALLERO MEXICO PICKUP-CAR
HONDA MEXICO MOTORCYCLE
MERCURY TRACER MEXICO
NISSAN MEXICO CAR
PLYMOUTH MEXICO CAR
VW MEXICO CAR 89-93

*

**

Polk MAKE_ABR codes for 1985-93 passenger vehicles
More than one type of vehicle with this VIN
2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN $ VEHICLE TYPE

478 HONDA US ATV
4A3 KA MITSUBISHI DIAMOND-STAR US CAR 90-93
4CD GRUMMAN US HEAVY TRUCK OR BUS
4E3 ** EAGLE DIAMOND-STAR CAR US 90-93 (AM,KP)
4F2 WB MAZDA NAVAJO US SUV 91-93
4GD GMC OR VOLVO-GMC US HEAVY TRUCK 88-89
4GT GMC OR VOLVO-GMC US HEAVY TRUCK 88-89
4M2 UD MERCURY VILLAGER US VAN 93
4N2 WA NISSAN QUEST US VAN 93
4P3 BP PLYMOUTH DIAMOND-STAR CAR US 90-93
451 WD ISUZU US PICKUP 90-93
452 WD ISUZU RODEO US SUV 91-93
453 JK SUBARU US CAR (LEGACY) 90-93
454 JK SUBARU US 4WD CAR (LEGACY) 90-93
4T1 JN TOYOTA CAMRY US CAR
4TA WD TOYOTA US PICKUP 92-93
4V1 WHITEGMC US HEAVY TRUCK
4V2 WHITEGMC US HEAVY TRUCK
4V3 WHITEGMC US HEAVY TRUCK
4V5 VOLVO (?) US HEAVY TRUCK

6MM KA MITSUBISHI DIAMANTE AUSTRALIA CAR
6MP KL MERCURY CAPRI AUSTRALIA CAR

9BF FORD BRAZIL HEAVY TRUCK
9BW JQ VW FOX BRAZIL CAR
9C2 HONDA BRAZIL MOTORCYCLE
9C6 YAMAHA BRAZIL MOTORCYCLE
9DB MERCEDES BRAZIL PRE-1985 CAR

J81 KE CHEVROLET SPECTRUM/GEO STORM JAPAN CAR
JG7 PONTIAC JAPAN CAR FOR CANADIAN MARKET (RARE IN US)
J8B CHEVROLET-ISUZU JAPAN HEAVY TRUCK
J8D GMC-ISUZU JAPAN HEAVY TRUCK
J8Z CHEVROLET LUV PICKUP JAPAN 81-83
JA3 KA MITSUBISHI JAPAN CAR
JA4* WT MITSUBISHI MONTERO JAPAN SUV V5=J(84-91),K(92),R(93)
JA4* WT MITSUBISHI JAPAN VAN 87-90 V5=N
JA7* WT MITSUBISHI JAPAN PICKUP
V5=K,P(83-87);M,L(87-92);S,T(93)
JA7* WT MITSUBISHI MONTERO JAPAN SUV V5=J(84-91),K(92),R(93)
JA7* WT MITSUBISHI JAPAN VAN 87-90 V5=N
JAA* WD ISUZU JAPAN PICKUP V5=L,R AND V6 NE 0
JAA* WD ISUZU JAPAN SUV V5=G,H OR V6=0
JAB JZ ISUZU JAPAN CAR
JAC WD ISUZU JAPAN SUV
JAL ISUZU JAPAN HEAVY TRUCK/BUS
JAM ISUZU JAPAN HEAVY TRUCK (GVW 10,000-14,000)

$ Polk MAKE_ABR codes for 1985-93 passenger vehicles
* More than one type of vehicle with this VIN
** 2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN * VEHICLE TYPE

JB3 JX DODGE JAPAN CAR
JB4 JX DODGE COLT 4WD JAPAN CAR
JB7* TD DODGE JAPAN PICKUP V5 NE J
ji7* TD DODGE RAIDER JAPAN SUV 87-89 V5-J
j?2 FORD COURIER JAPAN PICKUP 81-82
JC4 FORD COURIER JAPAN PICKUP 81-82
JDl KO DAIHATSU JAPAN CAR
JD2 WZ DAIHATSU ROCKY JAPAN SUV
JE3 KP EAGLE JAPAN CAR 89-93

JZl S SSSSSScAR EXCLUDE V5=T IN 81-85
TO w£ iSttBD BRA¥ 81-85 JAPAN CAR-BASED PICKUP V5=TJF3 £ SS BRA? 86-87 JAPAN CAR-BASED PICKUP
JGl KE CHEVROLET SPRINT/GEO METRO JAPAN CAR
JGC TA CHEVROLET GEO TRACKER JAPAN SUV 89
JOT GMC GEO TRACKER JAPAN SUV 89 (?)
JH2 HONDA JAPAN MOTORCYCLE
JH3 HONDA JAPAN ATV
JH4 KH ACURA JAPAN CAR
JH6 HINO JAPAN HEAVY TRUCK
JHB HINO JAPAN HEAVY TRUCK
JHM IS HONDA JAPAN CAR
JJ3 KK CHRYSLER CONQUEST JAPAN CAR
JKA KAWASAKI JAPAN MOTORCYCLE OR ATV
JKB KAWASAKI JAPAN MOTORCYCLE OR ATV
JM1 IW MAZDA JAPAN CAR
JM2 WB MAZDA JAPAN PICKUP TRUCK
JM3 WB MAZDA "MPV" JAPAN VAN
JNl* IN NISSAN JAPAN CAR
JNl* IN NISSAN AXXESS JAPAN VAN
JN6* WA NISSAN JAPAN PICKUP
JN6* WA NISSAN PATHFINDER JAPAN SUV 87 V7-4
JN8* IN NISSAN 4WD STANZA JAPAN CAR 86-89 V5=M
JN8* WA NISSAN PATHFINDER JAPAN SUV 87-93 V5=D V7=4
JN8* WA NISSAN JAPAN VAN 87-88 V5=C
JNA NISSAN JAPAN HEAVY TRUCK
JNK KR INFINITI JAPAN CAR
JNX KR INFINITI JAPAN CONVERTIBLE CAR
JP3 KB PLYMOUTH JAPAN CAR
JP4 KB PLYMOUTH COLT 4WD JAPAN CAR 85-91
JP7 PLYMOUTH ARROW PICKUP JAPAN 81-82
JPA NAVISTAR/INTERNATIONAL JAPAN HEAVY TRUCK
JSl SUZUKI JAPAN MOTORCYCLE
JS2 KQ SUZUKI JAPAN CAR 89-93
JS3 WU SUZUKI JAPAN SUV
JS4 WU SUZUKI JAPAN SUV
JSA SUZUKI JAPAN ATV
JT2 JN TOYOTA JAPAN CAR

t Polk MAKE_ABR codes for 1985-93 passenger vehicles
* More than one type of vehicle with this VIN
** 2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN t VEHICLE TYPE

JT3* WD TOYOTA JAPAN SUV V5=J,N
JT3* WD TOYOTA JAPAN VAN V5=C,R
JT4* WD TOYOTA JAPAN PICKUP V5=D,N (EXCEPT N61,N62 SUV)
JT4* WD TOYOTA 4WD 4RUNNER JAPAN SUV V567=N61 IN 84-85,

N62 IN 86-89

JT4* WD TOYOTA JAPAN VAN V5=R
JT5* JN TOYOTA CELICA CONVERTIBLE JAPAN CAR V5=A,T
JT5* WD TOYOTA JAPAN PICKUP (INCOMPLETE) V5=N
JT5* WD TOYOTA JAPAN VAN (INCOMPLETE) V5=R
JT8 KS LEXUS JAPAN CAR
JW6 MITSUBISHI JAPAN HEAVY TRUCK 87-93
JY3 YAMAHA JAPAN ATV
JY4 YAMAHA JAPAN ATV
JYA YAMAHA JAPAN MOTORCYCLE (+ A FEW MOTOCROSS ATV)

KL2 KM PONTIAC LEMANS KOREA CAR
KM4 SUZUKI KOREA ATV
KMH ** HYUNDAI (OR MITSUBISHI PRECIS) KOREA CAR
KNJ JY FORD FESTIVA KOREA CAR
KPH KA MITSUBISHI PRECIS KOREA CAR

LES WS ISUZU TROOPER TAIWAN SUV
LFA KL MERCURY TRACER TAIWAN CAR
LM1 SUZUKI TAIWAN ATV

SAJ IT JAGUAR GB CAR

SAX KN STERLING GB CAR

VF1 ** RENAULT/ALLIANCE/MEDALLION FRANCE CAR (AM,JF,KP)
VF3 JD PEUGEOT FRANCE CAR
VG6 MACK LARGE TRUCK BY RENAULT FRANCE
VX1 KJ YUGO YUGOSLAVIA CAR

WAU ID AUDI GERMANY CAR
WB1 BMW GERMANY MOTORCYCLE 82-93
WBA IH BMW GERMANY CAR
WBM BMW GERMANY MOTORCYCLE 81
WBS IH BMW "M" CAR GERMANY
WDB IX MERCEDES GERMANY CAR
WF1 KG MERKUR GERMANY CAR
WMD MAGIRUS-IVECO GERMANY LARGE TRUCK
WPO JE PORSCHE GERMANY CAR
WV2 WE VW GERMANY VAN
WVW JQ VW GERMANY CAR

YB3 VOLVO BELGIUM HEAVY TRUCK
YS3 JI SAAB SWEDEN CAR
YV1 JR VOLVO SWEDEN CAR

* Polk MAKE_ABR codes for 1985-93 passenger vehicles
* More than one type of vehicle with this VIN
** 2 or more Polk MAKE_ABR codes for this VIN (see Vehicle Type)
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VIN $ VEHICLE TYPE

YV2 VOLVO SWEDEN LARGE TRUCK
YV5 VOLVO SWEDEN LARGE TRUCK

ZAR ALFA-ROMEO ITALY LOW-SALES-VOLUME CAR
ZBB BERTONE ITALY LOW-SALES-VOLUME CAR
ZC2 TC BY MASERATI ITALY LOW-SALES-VOLUME CAR
ZCF IVECO ITALY LARGE TRUCK (OCCASIONAL BUS)
ZFA FIAT ITALY PRE-85 CAR

± Polk MAKE ABR codes for 1985-93 passenger vehicles
* More than'one type of vehicle with this VIN Ve_icle -p™)
** 2 or more Polk MAKE_ABR codes for this VIN (see Vehicle iypej
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APPENDIX B

FUNDAMENTAL CAR GROUPS, 1985-93
(Shared Body Platforms)

(Excerpted from a1968-94 list offundamentd car groups)

1 The first line ofthe definition assigns afour-digit number to the car group; the first two
digits indicate the manufacturer, based on FARS codes (1=AMC, 6=Chrysler, 12-Ford,
18=GM, etc.); the last two digits are sequential and generdly chronologicd for that
manufacturer.

2 The second line assigns aname to the car group and gives the limits ofthe range ofmodel
years for the various make-models in the car group. Car groups are often named after the
largest selling make-model with that body platform and/or the wheelbase ofthat platform
(to the nearest inch).

3. The third line shows the wheelbase ofthe cars in that group, as derived from "New Car
Specifications" in Automotive News.

4 The remaimng lines list the specific make-models included in the car group, including the
FARS four-digit make-model codes, the make-model name (plus additiond specifications
such as "4-door" ifnot every car ofthat make-model is in that car group during the
specified time period), arange ofmodel years, and the VIN characters that identify
specificdly which cars belong to this car group (V3 is the 3rd character ofthe VIN, V34 is
the 3rd and4th character, etc.).
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American Motors Car Groups

Car group 111
AMCEagle. 1985-88
Wheelbase 109.3
109 AMC Eagle. 1985-88 V6=3

*

Car group 112
AMC SX4.1985-86
Wheelbase 97.2
110 AMC SX4/Kammback, 1985-86 V6=5

Chrysler Corp. Domestic Car Groups

Car group 614
5th Ave/Diplomat/Gran Fury, 1985-89
Wheelbase 112.7. sometimes written as 112.5
610 Chrysler 5th Avenue. 1985-88 V5=F Vl=l V7=6
610 Chrysler 5th Avenue, 1989 V5=M Vl=l V7=6
707 Dodge Diplomat 1985-88 V5=G Vl=l V7=6
707 Dodge Diplomat 1989 V5=M Vl=l V7=6
904 Plymouth Gran Fury, 1985-88 V5=B Vl=l V7=6
904 Plymouth Gran Fury, 1989 V5=M Vl=l V7=6

Cargroup 615
Omni/Horizon4 door, 1985-90
Wheelbase 99.2, sometimes written as99.1,99.7
708 Dodge Omni 4door. 1985-88 V5=Z Vl=l V7=8
708 Dodge Omni, 1989-90 V5=L Vl=l V7=8
908 Plymouth Horizon 4door, 1985-88 V5=M V7=8
908 Plymouth Horizon, 1989-90 V5=L Vl=l V7=8

Car group 616
Omni/Horizon 2 door, 1985-87
Wheelbase 96.7,sometimes written as96.6
708 Dodge Omni 2door. 1985-87 V5=Z Vl=l V7=4
908 Plymouth Horizon 2door. 1985-87 V5=M Vl=l V7=4

Cargroup 618
Aries/Reliant K, 1985-93
Wheelbase 99.6, sometimes varying upto 100.6
616 Chrysler LeBaron (except GTS. limo). 1985-88 V1=U V5=C V6=4.5 V7NE2
616 ChryslerLeBaron (except GTS), 1987-89 Vl=l,3 V5=J V6=4.5
616 Chrysler LeBaron Coupe. 1990-93 Vl=1.3 V5=J. also V5=U in 92-93 V6=4,5
711 Dodge Aries. 1985-88 Vl=l,3 V4=B V5=D V7=1.6.9
711 Dodge Aries. 1989 Vl=1.3 V4=B V5=K V7=1.6.9
714 Dodge 600 2door. 1985-86 Vl=l V5=V V6=5
911 Plymouth Reliant, 1985-88 Vl=l,3 V4=B V5=P V7=l,6,9
911 Plymouth Reliant, 1989 Vl=l,3 V4=B V5=K V7=1.6.9
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Car group619
Chrysler E-Class. 1985-89
Wheelbase 103.1 or 103.3
614 Chrysler E-Class/New Yorker, 1985-88 V5=T V6=5 V7=6
616 Chrysler LeBaron GTS. 1985-89 Vl=l V5=H V7=8
714Dodge 6004 door. 1985-88 V5=E Vl=l V7=6
716Dodge Lancer. 1985-88 V5=X Vl=l V7=8
716Dodge Lancer. 1989 V5=H Vl=l V7=8
907 Plymouth Caravelle. 1985-88 V5=J Vl=l V7=6

Car group 620
Daytona/Sundance, 1985-93
Wheelbase 97, sometimes written as 97.2
615 Chrysler Laser. 1985-87 V5=A Vl=l V7=4
715 Dodge Daytona, 1985-88 Vl=l V5=A V7=4
715 Dodge Daytona, 1989-91 Vl=l V5=G V7=4
715Dodge Daytona. 1992-93 Vl=l V5=W V7=4
717 Dodge Shadow. 1987-88 V5=S Vl=l,3 V7=4,8
717 Dodge Shadow, 1989-93 V5=P Vl=l,3 V7=4.8
917 Plymouth Sundance, 1987-88 V5=S Vl=l,3 V7=4.8
917 Plymouth Sundance. 1989-93 V5=P Vl=l,3 V7=4,8

Cargroup621
Dodge Dynasty. 1988-93
Wheelbase 104.3. sometimes written as 104.5
618Chrysler New Yorker C, 1988 Vl=l V5=U V6=4.6 V7=6
618Chrysler New Yorker C. 1989-93 Vl=l V5=C V6=4,6 V7=6
718Dodge Dynasty, 1988 V5=U Vl=l V6=4.5 V7=6
718 Dodge Dynasty, 1989-93 Vl=l V5=C V6=4.5 V7=6

Cargroup622
Plymouth Acclaim, 1989-93
Wheelbase 103.3, sometimes written as 103.5
616Chrysler LeBaron sedan. 1990-93 V1=U V5=A V7=6
719Dodge Spirit, 1989-93 V1=U V5=A V7=6
919 Plymouth Acclaim, 1989-93 Vl=1.3 V5=A V7=6

Cargroup623
Chrysler Fifth Avenue 109,1990-93
Wheelbase 109.3,sometimeswrittenas 109.5 or 109.6
620 Chrysler Fifth Avenue/Imperial. 1990-91 V5=Y Vl=l V7=6
620 Chrysler Fifth Avenue/Imperial. 1992-93 Vl=l V5=V V7=6

Cargroup 624
Dodge Viper, 1992-93
Wheelbase 96.2
713 Dodge Viper, 1992-93 V5=R

Cargroup 625
Chrysler LH cars. 1993
Wheelbase 113
641 Chrysler Concorde, 1993 Vl=2 V5=L
741 Dodge Intrepid, 1993 Vl=2 V5=D
1041 Eagle Vision, 1993 Vl=2 V5=»D
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Ford Motors Car Groups

Cargroup 1226
Fairmont/Zephyr. 1985-86
Wheelbase 105.5, sometimes written as105.6
1206FordLTD.1985-86V67=39,40Vl=l
1406 Mercury Marquis. 1985-86 V67=89.90 V1<=1

Car group 1227
Ford Mustang 100,1985-93
Wheelbase 100.4, sometimes written as100.5
1203 FordMustang. 1985-86 V67=26-28 Vl=l
1203 Ford Mustang, 1987-93 V67=40-45 Vl=l
1403 Mercury Capri. 1985-86 V67=79 Vl=l

Cargroup 1228
Crown Vic/Grand Marquis, 1985-93
Wheelbase 114.3or 114.4
1216 Ford Crown Victoria, 1985-86 V67=42-44
1216 Ford Crown Victoria, 1987-93 V67=70-79
1416 Mercury Grand Marquis, 1985-86 V67=93-95
1416 Mercury Grand Marquis. 1987-93 V67=71-79

Cargroup 1230
Lincoln TownCar. 1985-93
Wheelbase 117.3 or 117.4
1301 Lincoln. 1985-86 V67=96 Vl-1-
1301 Lincoln Town Car. 1987-93 V67=81-84 Vl=l

Cargroup 1231
FordEscort94.2.1985-90
Wheelbase 94.2
1213 FordEscort, 1985 V67=4-15.31-37
1213 Ford Escort, 1986 V67=31-37
1213 FordEscort, 1987 V67=20-28
1213FordEscort, 1988 V67=20-28,90,91.93,95.98
1213 FordEscort, 1989-90 V67=90,91,93,95,98
1214 FordEXP.1985-86 V67=l
1214 FordEXP. 1987 V67»17.18
1214FordEXP. 1988-89 V67=17.18,88.89
1413 Mercury Lynx, 1985-86 V67=51-68
1413 Mercury Lynx, 1987 V67=20-28

Cargroup 1232
Lincoln Mark7,1985-92
Wheelbase 108.6, sometimes written as 108.5
1302LincolnMark7,1985-86 V67=98 Vl=l
1302 Lincoln Mark7,1987-92 V67=91-93 Vl=l
1305 Lincoln Continental. 1985-86 V67=97 Vl=l
1305 Lincoln Continental, 1987 V67=97,98 Vl=l
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Car group 1233
FordThunderbird 104.1985-88
Wheelbase 104. sometimeswritten as 104.2
1204Ford Thunderbird, 1985-86 V67=46 Vl=l
1204Ford Thunderbird, 1987-88 V67=60-64 Vl=l
1404 Mercury Cougar, 1985-86 V67=92 Vl=l
1404 Mercury Cougar, 1987-88 V67=60-62 Vl=l

Car group 1234
Ford Tempo, 1985-93
Wheelbase 99.9
1215 Ford Tempo, 1985-86 V67=18-23
1215 Ford Tempo, 1987-93 V67=30-39
1415 Mercury Topaz, 1985-86 V67=71 -76
1415 Mercury Topaz, 1987-93 V67=30-38

Cargroup 1235
Ford Taurus. 1986-93
Wheelbase 106
1217Ford Taurus. 1986 V67=29.30 VI =1
1217 Ford Taurus, 1987-93 V67=50-58 Vl=l
1417 Mercury Sable, 1986 V67=87,88 Vl=l
1417 Mercury Sable, 1987-93 V67=50-58 Vl=l

Cargroup 1236
Lincoln Continental 109,1988-93
Wheelbase 109
1305LincotaContinental. 1988-93 V67=97.98 Vl=l

Cargroup 1237
Ford Thunderbird 113,1989-93
Wheelbase 113
1204Ford Thunderbird, 1989-93 V67=60-64 Vl=l
1302 Lincoln Mark8,1993 V67=91 Vl=l
1404 Mercury Cougar, 1989-93 V67=60-62 VI=1
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General Motors Car Groups

Car group 1838
Chevrolet Chevette 94.3,1985-1987
Wheelbase 94 32013 Chevrolet Chevette 2door. 1985-86 V4=T V5=B.J V67=8 Vl=l
2013 Chevrolet Chevette 2door. 1987 V4=T V5=B V6=2 Vl=l
2213 Pontiac T1000 2door. 1985-86 V4=T V5=L V67=8 Vl=l
2213 Pontiac T1000 2door. 1987 V4=T V5=L V6=2 Vl=l

Car group 1839
GM fiill-sized sedan116,1985-93
Wheelbase 116, sometimes written as 115.9
1802 Buick LeSabre sedan, 1985 V45=BN,BP Vl=l
1804 Buick Roadmaster sedan, 1992-93 V45=BN,BT V6=5 Vl=l
2002 Chevrolet Caprice sedan. 1985-86 V4=B V67=47.68.69 V5=L,N
2002 Chevrolet Caprice sedan, 1987 V4=BV5=L.N.U V6=l
2002 Chevrolet Caprice sedan. 1987-93 V4=B V5=L.N,U V6=5
2102 Olds Delta 88 sedan. 1985-86 V45=BN3Y,BV Vl=l
2202 Pontiac Parisienne. 1985-86 V4=B V67=69 V5=L.T
2202 Pontiac Parisrienne. 1987-89 V4=B V6=5 V5=L.U

Car group 1840
GMfull-sized wagon 116.1985-93
Wheelbase 116, sometimes written as 115.9
1802 Buick Estate Wagon, 1985 V45=BR£V Vl=l
1802 Buick Estate Wagon, 1986-91 V4=B V5=R,V Vl=l
1804 Buick Roadmaster wagon, 1992-93 V45=BB3R V6=8
2002 Chevrolet Caprice wagon. 1985-86 V4=B V67=35 V5=L,N
2002 Chevrolet Caprice wagon, 1987-93 V4=B V5=L.N.U V6=8
2102 Olds Custom Cruiser, 1985-93 V45=BP Vl=l
2202 Pontiac Safari. 1985-86 V4=B V67=35 V5=L
2202 Pontiac Safari, 1987-89 V4=B V6=8 V5=L

Cargroup 1842
Cadillac DeVille 121.5,1985-93
Wheelbase 121.5,sometimeswrittenas 121.4
1903 Cadillac Fleetwood Brougham. 1985-93 V4=D V5=W

Car group 1843
Chevrolet Chevette 97.3.1985-87
Wheelbase 97.3
2013 Chevrolet Chevette 4 door. 1985-86 V4=T V5=BJ V67=68 Vl=l
2013 Chevrolet Chevette 4 door. 1987 V4=T V5=B V6=6 Vl=l
2213 Pontiac T1000 4 door, 1985-86 V4=T V5=L V67=68 Vl=l
2213 Pontiac T10004 door. 1987 V4=T V5=L V6=6 Vl=l

Cargroup 1844
GM Intermediates 108.1.1985-86
Wheelbase 108.1. sometimes written as 108
1801 Buick Regal 4door. 1985 V45=GJ,GK,GM V67 NE 27,37,47
2101 OldsCutlass 4 door, 1985 V4=G V67=69 V5=KMR
2202 Pontiac Bonneville 4 door. 1985-86 V4=G V67=35,69 V5=N,R,S Vl=2
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Cargroup 1845
GM Sporty Intermediates 108.1.1985-89
Wheelbase 108.1.sometimeswrittenas 108
1810 Buick Regal 2door, 1985 V45=GJ,GK,GM V67-27.37.47
1810 Buick Regal. 1986-89 V4=G VS=J£M
2010 Chevrolet Monte Carlo, 1985-89 V4=G V5=Z Vl=l
2101 01dsCutiass2door, 1985 V4=G V67=47 V5=K>LR
2101 OldsCutiassG, 1986-89 V4=G V5=K,M,R
2210 Pontiac Grand Prix 2door, 1985-86 V4=G V67=37 V5=J,KJ Vl=2
2210 Pontiac Grand Prix. 1987 V4=G V5=JJCJ»

Cargroup 1846
GMLuxury Sports 114,1985
Wheelbase 114. sometimes written as 113.9
1805 BuickRiviera, 1985 V4=E V5=Y,Z Vl=l
1905 Cadillac Eldorado, 1985 V4=E V5=L
1914 Cadillac Seville, 1985 V4=K V5=S
2105 OldsmobileToronado. 1985 V4=E V5=Z Vl=l

Cargroup 1847
GM Compact X cars, 1985
Wheelbase 104.9
1815 Buick Skylark, 1985 V4=X V5=B,C,D Vl=l
2015 Chevrolet Citation, 1985 V4=X V5=H,X Vl=l

Cargroup 1848
GMCompact Jcars, 1985-93
Wheelbase 101.2, sometimes written as 101.3
1816 Buick Skyhawk. 1985-89 V4=J V5=E.S.T Vl=l
1916 Cadillac Cimarron, 1985-88 V4=J V5=G
2016 Chevrolet Cavalier. 1985-93 V4=J V5=C,D.E,F Vl=l
2116Olds Firenza, 1985-88 V4=J V5=C,D Vl=l
2216 Pontiac Sunbird. 1985-93 V4=J V5=B,C,D.U Vl=l

Car group 1849
ChevroletCamaroF 101,1985-93
Wheelbase 101,sometimes written as 101.1
2009 Chevrolet Camaro, 1985-94 V4=F V5=P.S Vl=l
2209 Pontiac Firebird, 1985-94 V4=F V5=S,V,W,X Vl=l

Car group 1850
GM Mid-sizedA 104.9,1985-93
Wheelbase 104.9, sometimes written as 104.8
1817 Buick Century. 1985-93 V4=A V5=GftL
2017 Chevrolet Celebrity, 1985-90 V4=A V5=W
2117 Olds Ciera, 1985-93 V4=A V5=G,J,L,M,S
2217 Pontiac 6000,1985-91 V4=A V5=E,F,G,H,J

Car group 1851
Chevrolet Corvette Y 96.2,1985-93
Wheelbase96.2 .„„,„, i
2004 Chevrolet Corvette, 1985-93 V4=Y V5=Y,Z Vl=l
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Car group 1852
GM Luxury Cand FuU-sized H110.8.1985-93
Wheelbase 110.8, sometimes written as 110.7
1802BuickLeSabre. 1986-93 V4=H V5=H,P,R Vl=l
1803 Buick Electra, 1985-93 V4=C V5=F,U,W,X Vl=l
1903 Cadillac DeVUle, 1985-89 V4=C V5=B.D.G.S but not H
1903 Cadillac coupe. 1990-93 V4=C V6NE5 V5=B,D,G.S,T
2102 Olds Delta 88.1986-93 V4=H V5=N,Y Vl=l
2103 Olds 98.1985-93 V4=C V5=V,W,X Vl=l
2202 Pontiac Bonneville. 1987-93 V4=H V5=E,X,Y,Z Vl=l

Cargroup 1853
Pontiac Fiero P. 1985-88
Wheelbase 93.4
2205 Pontiac Fiero. 1985-88 V4=P V5=E,F,G,M Vl=l

Cargroup 1854
Pontiac Grand Am N 103.4,1985-93
Wheelbase 103.4
1818 Buick Somerset/Skylark. 1985-93 V4=N V5=CWJC>LV Vl=l
2118 Olds Calais, 1985-91 V4=N V5=F,KJ„T Vl=l
2121 OldsAchieve, 1992-93 V4=N V5=F,L Vl=l
2218 Pontiac Grand Am, 1985-93 V4=N V5=E.G,V,W

Car group 1855
GM luxury sports cars Eand Cadillac Seville K108,1986-93
Wheelbase 108
1805Buick Riviera. 1986-93 V45=EYJEZ Vl=l
1905Cadillac Eldorado. 1986-93 V4=E V5=L
1914 CadillacSeville, 1986-91 V4=K V5=S,Y
2105 OldsmobileToronado, 1986-92 V45=EV.EZ Vl=l

Car group 1856
Chevrolet Corsica/Beretta L. 1987-93
Wheelbase 103.4
2019 Chevrolet Corsica/Beretta, 1987-93 V4=L V5=T,V,W,Z

Car group 1857
Cadillac AllanteV, 1987-93
Wheelbase 99.4
1909 CadillacAllante, 1987-93 V4=V V5=R.S

Car group 1858
Buick Reatta EC, 1988-91
Wheelbase 98.5

1821 Buick Reatta, 1988-91 V45=EC Vl=l

Car group 1859
GM Mid-sized W 107.5,1988-93
Wheelbase 107.5, sometimes written as 107.6
1820Buick Regal, 1988-93 V4=W V5=BJDf Vl=2
2020 Chevrolet Lumina, 1990-93 V4=W V5=L,N,P
2120 Olds Cutlass Supreme, 1988-93 V4=W V5=H,R.S,T Vl=l
2220 Pontiac GrandPrix, 1988-93 V4=W V5=H,JW.T
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Car group I860
Cadillac sedan 113.8,1990-93
Wheelbase 113.8 or 113.7
1903 CadiUac sedan, 1990-93 V4=C V6=5 V5=B,D,G,S,T

Car group 1861
Saturn coupe99.2,1991-93
Wheelbase 99.2
2402Saturn SCcoupe, 1991-93 V4=Z V6=l-4

Car group 1862
Saturn sedan 102.4,1991-93
Wheelbase 102.4
2401 SaturnSL sedan, 1991-93 V4=Z V6=5,6
2403 Saturn SWwagon. 1993 V4=Z V6=8

Car group 1863
Cadillac Seville 111,1992-93
Wheelbase 111
1914 CadiUac SevUle. 1992-93 V45=KS,KY

Volkswagen Car Groups

Car group 3004
VWFrontenginecars 94.5,1985-93
Wheelbase 94.5, sometimes written as 94.4
3038 VWScirocco. 1985-88 V78=53 V4=C V1=W
3042 VW Cabriolet, 1985-93 V78=15 V1=W

Car group 3005
VW Quantum. 1985-88
Wheelbase 100.4, sometimes written as 100
3041 VWQuantum, 1985-88 V78=32,33 V1=W

Car group 3006
VWJetta 97.3,1985-93
Wheelbase 97.3

3040VWJetta, 1985-90 V78=16,1G
3040VWJetta, 1991-93 V4=M£,T,S V78=1G,1H,16
3042 VW GolffGTI, 1985-90 V78=17
3042 VWGottVGTI, 1991-93 V4=B,D,F,H V78=1G.1H
3045 VWCorrado, 1990-93 V78=50 V4=D,E

Car group3007
VWFox, 1987-93
Wheelbase 92.8
3044 VWFox, 1987-93 V78=3,30

Car group3008
VW Passat, 1990-93
Wheelbase 103.3
3046 VW Passat. 1990-93 V78=31 V1=W
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Audi Car Groups

Car group3204
Audi 4000,1985-87
Wheelbase 99.4 to 99.8
3234 Audi 4000,1985-87 V78=81,85

Cargroup 3205
Audi 5000 105.8,1985-93
Wheelbase 105.8 to 106.4
3235 Audi 5000.1985-88 V78=44
3237 Audi 100/200,1989-90 V78=44
3237 Audi 100/200.1991-93 V7=4

Cargroup 3206
Audi 80/90 100.2,1988-92
Wheelbase 99.9 or 100.2
3236 Audi 80/90,1988 V78=89
3236 Audi 80/90,1989-92 V7=8

Car group3207
Audi 90 102.8,1993
Wheelbase 102.8 or 102.2
3236 Audi 90.1993 V7=8 V8=C

BMW Car Groups

Car group 3406
BMW 500 103.8.1985-88
Wheelbase 103.8 or 103.3
3435 BMW 500.1985-88 V4=CJ5

Car group 3407
BMW 300 101,1985-93
Wheelbase 100.9 or 101.2

3434 BMW 300,1985-92 V4=A3
3434 BMW 325i convertible, 1993 V4=B V5=B

Car group 3408
BMW 600,1985-89
Wheelbase 103.4 or 103.3

3436 BMW 600,1985-89 V4=E

Car group 3409
BMW 700 110,1985-86
Wheelbase 110
3437 BMW 700,1985-86 V4=F

196



Car group 3410
BMW 700 111.5,1987-93
Wheelbase 111.5
3437BMW 700,1987-92 V45=FH,GB
3437 BMW700,1993 V4=G V6=4

Car group3411
BMW700L 116,1987-93
Wheelbase 116
3437 BMW 700L. 1987-92 V45=FC,GC
3437BMW 700L.1993 V4=G V6=8

Car group3412
BMW 500 108.7,1989-93
Wheelbase 108.7
3435BMW500,1989-93 V4=H

Car group3413
BMW 850,1991-93
Wheelbase 105.7
3438 BMW850,1991-93 V4=E

Car group 3414
BMW 300 106.3,1992-93
Wheelbase 106.3
3434 BMW 325,1992 V4=C
3434 BMW 300 except convertible, 1993 V4=C orV45=BE3F

Nissan Car Groups

Car group 3514
Nissan280-300ZX91.3,1985-88
Wheelbase 91.3
3534 Nissan 280-300ZX, 1985-88 V5=Z V7=4 V6=l

Cargroup 3515
Nissan 280-300ZX 2+299.2,1985-89
Wheelbase 91.3
3534 Nissan 280-300ZX, 1985-88 V5=Z V7=6 V6=l
3534 Nissan 300ZX, 1989 V5=Z V6=l V4=C,H

Cargroup 3518
Nissan Sentra94.5,1985-86
Wheelbase 94.5 FWD
3543 Nissan Sentra, 1985-86 V5=B V6=l V4=P.S

Cargroup 3519
Nissan Stanza 97.2,1985-86
Wheelbase 97.2 FWD
3542 Nissan Stanza, 1985-86 V5=T V6=l V4=H
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Car group 3520
Nissan Pulsar 95,1985-86
Wheelbase 95, sometimes written as95.1 FWD
3544 Nissan Pulsar, 1985-86 V5=N V6=2 V4=M

Cargroup 3521
Nissan 200SX 95.5.1985-88
Wheelbase 95.5
3532 Nissan 200SX. 1985-88 V5=S V6=2 V4=C,P,V

Car group 3522
Nissan Maxima/Stanza 100.4,1985-93
Wheelbase 100.4 FWD
3539 Nissan Maxima, 1985-88 V5=U V6=l V4=H V7=1.5
3542 Nissan Stanza sedan. 1987-89 V5=T V6=2 V4=H
3542 Nissan Stanza, 1990-92 V5=U V6=2 V4=F
5833 InfinitiG20,1991-93 V5=P V4=C

Car group 3523
Nissan Stanza wagon 99,1986-89
Wheelbase 99 FWD
3542 Nissan Stanza wagon, 1986-89 V5=M V6=0

Cargroup 3524
Nissan Sentra/Pulsar 95.7,1987-93
Wheelbase 95.7 FWD
3543 Nissan Sentra, 1987-90 V5=B V6=2 V4=G,P
3543 Nissan Sentra, 1991-93 V5=B V7=U V6=3
3544 Nissan Pulsar. 1987-90 V5=N V6=3 V7=4
3546 Nissan NX, 1991-93 V5=B V7=4,6 V6=3

Cargroup 3525
Nissan Maxima 104.3,1989-93
Wheelbase 104.3 FWD
3539 Nissan Maxima, 1989-93 V5=J V6=0 V7-1

Cargroup 3526
Nissan 240SX 97.4.1989-93
Wheelbase 97.4
3532 Nissan 240SX. 1989-93 V5=S V6=3 V4=H>i

Cargroup 3527
Nissan 300ZX 96.5,1990-93
Wheelbase 96.5
3534Nissan300ZX. 1990-93 V5=Z V7=4,7 V6=2

Cargroup 3528
Nissan 300ZX 2+2 101.2,1990-93
Wheelbase 101.2
3534 Nissan 300ZX. 1990-93 V5=Z V7=6 V6=2

Cargroup3529
InfinitiM30.1990-92
Wheelbase 103
5831 InfinitiM30,1990-92 V5=F V4=H
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Car group3530
InfinitiQ45,1990-93
Wheelbase 113.2
5832Infiniti 045,1990-93 V5=G V4=N

Car group3531
Nissan Axxess, 1990-91
Wheelbase 102.8 (FWD) or 102.4 (4x4)
3548 Nissan Axxess. 1990-91 V5=M V6=l

Cargroup 3532
Nissan Altima. 1993
Wheelbase 103.1
3547 NissanAltima, 1993 V5=U V6=3

Car group3533
Infiniti J30,1993
Wheelbase 108.7
5834 InfinitiJ30.1993 V5=Y V4=A

Honda Car Groups

Car group3707
Honda/Acura 96.5,1985-89
Wheelbase 96.5
3731 Honda Civic sedan/wagon, 1985-86 V45=AK^\NAR.VN
3731 Honda Civic sedan/wagon, 1987 V46=EC4.EC5,EC6,EY1
3732Honda Accord. 1985 V45=SZ,AD
3733 Honda Prelude, 1985-86 V45=SN,AB3B
3733Honda Prelude. 1987 V46=BA3£A6
5431 Acura Integra 3door, 1986-89 V46=DA3

Car group 3708
Honda CRX 86.6.1985-87
Wheelbase 86.6
3735Honda CRX. 1985-86 V45=AF
3735Honda CRX.1987 V46=EC1

Cargroup 3709
Honda Civic 93.7.1985-87
Wheelbase 93.7
3731 Honda Civic. 1985-86 V1=J V45=AG,AH
3731 Honda Civic, 1987 V46=EC2,EC3

Cargroup 3710
HondaAccord 102.4,1986-93
Wheelbase 102.4
3732Honda Accord. 1986 V45=BA
3732 Honda Accord, 1987-89 V46=CA5,CA6
5431 Acura Integra sedan, 1990-93 V46=DB1
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Car group 3711
Acura Legend sedan 108.6.1986-91
Wheelbase 108.6 or 108.7
5432 Acura Legend sedan, 1986-90 V46=KA2,KA4
6131 Sterling. 1987-91 V4=X

Car group 3712
Acura Integra 99.2,1986-89
Wheelbase 99.2
5431 Acura Integra 5door. 1986-89 V46=DA1

Car group 3713
Acura Legend coupe 106.5,1987-90
Wheelbase 106.5
5432 Acura Legend coupe, 1987-90 V46=KA3

Car group 3714
Honda CRX 90.6,1988-92
Wheelbase 90.6
3735 Honda CRX, 1988-92 V46=ED8.ED9

Car group 3715
Honda Civic 98.4,1988-91

373?HJnda Civic. 1988 V46=EC5.EC6,ED3.ED6,EE2,EE4,EY1,EY3
3731 Honda Civic, 1989-91 V46=ED3,ED6,ED7,EE2,EE4,EY3; ^ ^ m90.91

Car group 3716
Honda Prelude 101,1988-91
Wheelbase 101
3733Honda Prelude, 1988-91 V46=BA4

Car group 3717
Honda Prelude/Integra 2HB 100.4,1990-93
Wheelbase 100.4
3733 HondaPrelude, 1992-93 V46=BA83B13B2
5431 Acura Integra 2HB. 1990-93 V46=DA9J)B2

Car group 3718
Honda Accord 107.1.1990-93
Wheelbase 107.1
3732Honda Accord, 1990-93 V46=CB7,CB9

Car group 3719 ,
Acura NSX, 1991-93
Wheelbase 99.6
5433 AcuraNSX, 1991-93 V46=NA1

Car group 3720
Acura Legend coupe 111.4,1991-93
Wheelbase 111.4
5432 Acura Legend coupe. 1991-93 V46=KA8
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Car group 3721
AcuraLegend sedan114.6,1991-93
Wheelbase 114.6
5432Acura Legend sedan, 1991-93 V46=KA7

Car group3722
Honda Civic 2HB 101.3,1992-93
Wheelbase 101.3
3731 HondaCivic 2HB. 1992-93 V46=EH2,EH3

Car group3723
Honda Civic sedan 103.2,1992-93
Wheelbase 103.2
3731 HondaCivicsedan, 1992-93 V46=EG8,EH9

Car group3724
AcuraVigor, 1992-93
Wheelbase 110.5
5434 Acura Vigor, 199*2-93 V46=CC2

Car group 3725
Honda Civic del Sol, 1993
Wheelbase 93.3
3735Honda Civicdel Sol, 1993 V46=EG1,EH6,EJ1,EJ2

Isuzu Car Groups

Car group3801
Isuzu I-Mark 94.3,1985
Wheelbase 94.3
3831 Isuzu I-Mark, 1985 V5=T V4=A*

Car group 3802
Isuzu Impulse, 1985-89
Wheelbase 96.1
3832 Isuzu Impulse, 1985-89 V5=R V4=A3 V6=0

Car group 3803
Chevrolet Spectrum, 1985-89
Wheelbase 94.5
2031 Chevrolet Spectrum, 1985-89 V4=R V13=J81 V5=E,F,G
3831 Isuzu I-Mark, 1986-89 V5=T V4=R

Car group3804
Geo Storm, 1990-93
Wheelbase 96.5
2035GeoStorm, 1990-93 V4=R V13=J81 V5=F,T
3832 Isuzu Impulse, 1990-92 V4=R V6=2,4
3833 Isuzu Stylus, 1990-93 V4=R V6=5

201



Jaguar Car Groups

Car group3903
Jaguar XJsedan 113.1985-93
Wheelbase 113, sometimes written as 112.8
3932 Jaguar XJsedan, 1985-93 V4=A3,F,H,K>1

Car group3904
Jaguar XJ-Scoupe, 1985-93
Wheelbase 102
3931 Jaguar XJ-S, 1985-93 V4=N,S.T

Mazda Car Groups

Car group4107
Mazda RX-7 95.3.1985
Wheelbase95.3. sometimes written as 95
4134 Mazda RX-7,1985 V45=FB

Car group 4109
Mazda GLC 93.1.1985-86
Wheelbase 93.1 FWD

4135 Mazda GLC. 1985-86 V45=BD

Car group 4110
Mazda 626 98.8 FWD, 1985-87
Wheelbase 98.8 FWD
4137 Mazda 626,1985-87 V45=GC

Car group 4111
Mazda 323,1986-90
Wheelbase 94.5 or 94.7

1436MercuryTracer. 1988-90 V67=10-16 V13=3MA
4135 Mazda 323.1986-89 V45=BF
4135 Mazda 323 wagon, 1987-88 V45=BW

Car group 4112
Mazda RX-7 95.7,1986-91
Wheelbase 95.7

4134 Mazda RX-7,1986-91 V45=FC

Car group 4113
Mazda 626 101.4.1988-92
Wheelbase 101.4

4137 Mazda 626,1988-92 V46=GD2

Car group4114
Mazda 929 106.7,1988-91
Wheelbase 106.7

4143 Mazda 929,1988-91 V45=HC

202



Cargroup 4115
Mazda MX6/Probe 99,1988-92
Wheelbase 99 _
1218 Ford Probe. 1988-92 V67=20-22 V13=1ZV V5=T
4144 Mazda MX6.1988-92 V46=GD3

Cargroup 4116
Mazda 323 Hatchback 96.5.1990-93
Wheelbase 96.5
4135 Mazda 323,1990-93 V45=BG V67=23

Cargroup 4117
FordEscort98.4,1990-93
Wheelbase 98.4
1213 Ford Escort, 1990-93 V67=10-16
1436 Mercury Tracer. 1991-93 V67=10-16 V13-3MA
4135 Mazda 323 Protege. 1990-93 V45=BG V67=22

Car group4118
Mazda Miata, 1990-93
Wheelbase 89.2
4145 Mazda Miata, 1990-93 V45=NA

Car group 4119
MazdaMX3,1992-93
Wheelbase 96.3
4146MazdaMX3.1992-93 V45=EC

Cargroup 4120
Mazda 929 112.2,1992-93
Wheelbase 112.2
4143 Mazda 929,1992-93 V45=HD

Cargroup 4121
Mazda 626/Probe 102.9,1993
Wheelbase 102.9
1218FordProbe, 1993 V67=20-22 V13=1ZV V5=T
4137 Mazda 626,1993 V46=GE2
4144 Mazda MX6,1993 V46=GE3

Cargroup 4122
MazdaRX-7 95.5,1993
Wheelbase 95.5
4134 Mazda RX-7,1993 V45=FD

Mercedes Car Groups

Cargroup 4204
Mercedes SL roadster 96.9,1985
Wheelbase 96.9
4233 Mercedes 380SL, 1985 V46=BA4
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Car group 4208
Mercedes basic sedan 110.1985

4U?tfae^b»D sedan, 1985 V46=AA3,AB2,AB3,AB9
Car group 4209
Mercedesbasic Ccoupe 106.7.1985
Wheelbase 106.7
4231 Mercedes basic coupe, 1985 V46=AA5,AB5

Car group 4210
Mercedes S(super) sedan 115.6.1985-91

STMerte^lD/SE. 1985-91 V47=CA24,CA32,CB20.CB34
Car group 4211
Mercedes SEL (long super) sedan 121.1,1985-91
Wheelbase 121.1. sometimes written as 120.9 _,s CB3S4236 Mercedes SDL/SEL. 1985-91 V47=CA25.CA33.CA35.CA37.CA39,CB25,CB35

Car group 4212
Mercedes SEC coupe 112.2.1985-91
Wheelbase 112.2
4236 Mercedes SEC, 1985-91 V46=CA4

Car group 4213
Mercedes 190,1985-93
Wheelbase 104.9
4239 Mercedes 190,1985-93 V46=DA2J3B2J)A3

Car group 4214
Mercedes basicsedan 110.2,1986-93
Wheelbase 110.2
4231 Mercedes basic sedan, 1986-93 V4=E V6=2,3,9

Car group 4215
Mercedes SL roadster 96.7,1986-89
Wheelbase 96.7
4233 Mercedes 560SL, 1986-89 V46=BA4

Car group 4216
Mercedesbasic Ccoupe 106.9,1988-93
Wheelbase 106.9
4231 Mercedes basic coupe, 1988-91 V4=E V6=5
4231 Mercedesbasic 2-door, 1992-93 V4=E V6=5,6

Car group 4217
Mercedes SL roadster 99,1990-93
Wheelbase 99.0
4233 Mercedes 300SL/500SL. 1990-93 V46=FA6,FA7
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Car group 4218
Mercedes SE/SD and SEC 119.7,1992-93
Wheelbase 119.7 or 119.5
4236 Mercedes SEC coupe, 1992-93 V4=G V6=7
4237 Mercedes SE/SD, 1992-93 V4=G V6=3.4

Car group4219
Mercedes SEL 123.6,1992-93
Wheelbase 123.6
4236 Mercedes SEL, 1992-93 V4=G V6=5

Peugeot Car Groups

Cargroup 4406
Peugeot 505sedan, 1985-91
Wheelbase 107.9 or 108
4434 Peugeot 505sedan, 1985-89 V45=BA
4434 Peugeot 505sedan, 1990-91 V4=B,C V6=l

Car group4407
Peugeot 505wagon, 1985-91
Wheelbase 114.2
4434 Peugeot 505 wagon, 1985-89 V45=BD; also BF in88-89
4434 Peugeot 505 wagon, 1990-91 V4=B,C V6NE1

Car group4408
Peugeot 405,1989-91
Wheelbase 105.1
4436 Peugeot 405,1989-91 V4=D,E

Porsche Car Groups

Cargroup 4501
Porsche 911,1985-91
Wheelbase 89.5, sometimes written as89.4; rearengine
4531 Porsche 911,1985-90 V78=91,93
4531 Porsche 911.1991 V78=96

Car group4503
Porsche 924/944.1985-91
Wheelbase 94.5
4534Porsche 924,1985-88 V78=92 V4NEJ
4537 Porsche944.1985-91 V78=94,95

Cargroup 4504
Porsche 928,1985-91
Wheelbase 99.3 or 98.4
4535Porsche 928.1985-91 V78=92 V4=J
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Cargroup 4505

4540Porsche,"l992-93 specific model not decodable from VTN characters 1-8

Renault Car Groups

Cargroup 4605
Renault 18/Fuego, 1985-86
Wheelbase 96.1
4637 Renault R18i/Sportwagon, 1985-86 V67=34.35
4638 Renault Fuego, 1985 V67=36

Cargroup 4606
RenaultAlliance, 1985-87
Wheelbase 97.8 or 97.2
4639 Renault AlUance, 1985-87 V67=95,96.97; also 93,99 in 87
4640 Renault Encore, 1985-86 V67=93,99

Cargroup 4607
Renault Medallion sedan, 1988-89
Wheelbase 102.3
4644 Renault Medallion sedan. 1988-89 V67=45

Cargroup 4608
Renault Medallion wagon. 1988-89
Wheelbase 108.3
4644 Renault MedalUon wagon, 1988-89 V67=48

Cargroup 4609
Eagle Premier, 1988-92
Wheelbase 106
740 Dodge Monaco. 1990-92 V5=B Vl=2
1040 Eagle Premier. 1988-89 V67=55 V13=1AC,2XM
1040 Eagle Premier. 1988-92 V5=B Vl=2

Cargroup 4704
Saab 900 99.4,1985-93
Wheelbase 99. lor 99.4
4731 Saab900.1985-93 V4=A V6=2.3,4,7

Cargroup4705
Saab 9000,1985-93
Wheelbase 105.1 or 105.2
4734Saab 9000,1985-93 V4=C V6=4,5,6

Saab Car Groups
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Subaru Car Groups

Cargroup 4806
Subaru sedan 97,1985-93
Wheelbase 96.9-97.2,track width56
4831 Subaru sedan, 1985-91 V4=A V5=C,G,K,N
4831 Subaru Loyale, 1992-93 V4=A V6=4,5
4835SubaruXT. 1985-91 V4=A V5=X

Cargroup 4807
Subaru hatchback 93,1985-89
Wheelbase 93.3-93.7.trackwidth56
4831 Subaru hatchback, 1985-89 V4=A V5=F

Car group 4808
SubaruJusty, 1987-93
Wheelbase 90
4836 Subaru Justy, 1987-93 V4=K V5=AJ3

Car group4809
Subaru Legacy, 1990-93
Wheelbase 101.6
4834 Subaru Legacy, 1990-93 V4=B V6=6

Car group4810
Subaru SVX, 1992-93
Wheelbase 102.8
4837 Subaru SVX, 1992-93 V4=C V13=JF1 V5=X

Car group4811
SubaraImpreza, 1993
Wheelbase 99.2
4838 Subaru Impreza, 1993 V4=G V5=C,F

Toyota Car Groups

Car group4911
Toyota Celica 98.4,1985-86
Wheelbase 98.3, track width 54
4933 Toyota Celica, 1985 V5=A V7NE7 V6=6 V4=R
4933 Toyota Celica. 1986 V5=T V6=6 V4=S

Cargroup 4912
Toyota Cressida 104.1,1985
Wheelbase 104.1
4935 Toyota Cressida, 1985 V5=X V6=7 V4=M

Car group 4916
Toyota CoroUa 94.5,1985-87
Wheelbase 94.5 „ „, .
4932 Toyota CoroUa 2door, 1985-87 V5=E V8=C,S V6=8 V4=A
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Cargroup 4918
Toyota Supra 103.1985-86
Wheelbase 103
4934 Toyota Supra, 1985-86 V5=A V7=7 V6=6 V4=M

Car group 4919
Toyota Tercel/CoroUa 95.7,1985-92
Wheelbase 95.7 FWD
2032 Chevrolet Nova, 1985-89 V4=S V13=1Y1 V5=KJ.
2032 Geo Prizm. 1990-92 V4=S V13=1Y1 V5=KJ,
4932 Toyota Corolla 4door, 1985-87 V5=E V8=E,L V6=8 V4=A
4932 Toyota CoroUa FX-16,1987-88 V5=E V8=G V6=8 V4=A
4932 Toyota Corolla. 1988-92 V5=E V6=9 V4=A
4938 Toyota Tercel, 1985-86 V5=L V6=3 V4=A
4938 Toyota Tercel wagon, 1987 V5=L V8=V.W V6=3 V4=A

Car group 4920
Toyota Camry 102.4,1985-91
Wheelbase 102.4
4940 Toyota Camry, 1985-86 V5=V V6=l V4=C,S
4940 Toyota Camry, 1987-91 V5=V V6=2 V4=S,V
5931 LexusES-250,1990-91 V5=V V4=V

Cargroup 4921
Toyota MR-2 91.3.1985-89
Wheelbase 91.3
4941 Toyota MR-2,1985-89 V5=W V6=l V4=A

Cargroup 4922
Toyota Cressida 104.5,1986-92
Wheelbase 104.5-105.5
4935 Toyota Cressida, 1986-92 V5=X V4=M V7=2.3

Cargroup 4923
Toyota Supra 102.2.1986-92
Wheelbase 102.2
4934 Toyota Supra, 1986-92 V5=A V6=7 V7=0.1 V4=M

Cargroup4924
Toyota Celica 99.4.1987-93
Wheelbase 99.4
4933 Toyota Celica, 1987-89 V5=T V6=6 V4=S
4933 Toyota Celica, 1990-93 V5=T V6=8 V4=AS

Cargroup 4925
Toyota Tercel 93.7,1987-93
Wheelbase 93.7 FWD
4938 Toyota Tercel liftback, 1987 V5=L V8=D,G,H V6=3 V4=E
4938 Toyota Tercel, 1988-91 V5=L V6=3.4 V4=A£
4938 Toyota Tercel, 1992 V5=L V8=A3 V6=4
4938 Toyota Tercel. 1993 V5=L V8=S,T V6=4
4942 Toyota Paseo, 1992 V5=L V8=F V6=4
4942 Toyota Paseo, 1993 V5=L V8=U V6=4
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Car group4926
Lexus LS-400.1990-93
Wheelbase 110.8
5932 Lexus LS-400.1990-93 V5=F V4=U

Car group4927
Toyota MR-294.5.1991-93
Wheelbase 94.5
4941 Toyota MR-2.1991-93 V5=W V6=2 V4=S

Car group4928
Toyota Camry 103.1.1992-93
Wheelbase 103.1
4940 Toyota Camry. 1992-93 V5=K V6=l V4=S.V
5931 Lexus ES-300,1992-93 V5=K V4=V

Car group4929
Lexus SC-300/400.1992-93
Wheelbase 105.9
5933 Lexus SC-300/400.1992-93 V5=Z V6=3 V4=J.U

Car group 4930
Toyota CoroUa 97,1993
Wheelbase 97
2032 Geo Prizm, 1993 V2=Y V4=S
4932Toyota CoroUa, 1993 V5=E V6=0

Car group 4931
Toyota Supra 100.4,1993
Wheelbase 100.4

4934Toyota Supra, 1993 V5=A V6=8

Car group4932
Lexus GS-300.1993
Wheelbase 109.4

5934 Lexus GS-300.1993 V5=S V6=4

Volvo Car Groups

Car group 5104
Volvo 240,1985-93
Wheelbase 104.3, sometimes written as 104
5134 Volvo240,1985-93 V4=A V6=4,8

Car group5105
Volvo 700/900.1985-93
Wheelbase 109.1
5138 Volvo760^780,1985-91 V4=D,G,H V6=6.7,8
5139 Volvo740,1985-92 V4=F V6=7,8
5140 Volvo 940,1991-93 V4=J
5141 Volvo 960.1991-93 V4=K
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Car group 5106
Volvo 850,1993
Wheelbase 104.9
5142 Volvo850,1993 V4=L

Mitsubishi Car Groups

Cargroup 5204
Colt/Champ 90.6,1985
Wheelbase 90.6
734 Dodge Colt 2door, 1985 V1=J V5=AE V7=4
934 Plymouth Colt 2door, 1985 V1=J V5=A3 V7=4

Cargroup 5205
Hyundai Excel 93.7.1985-90
Wheelbase 93.7
734DodgeColt4 door, 1985 V1=J V5=A£ V7=6.8
734 Dodge Colt, 1986-88 V1=J V5=A V7=4,6,8
734 Dodge Colt 4WD, 1986-88 V14=JB4E V5=A
734 Dodge ColtDLwagon, 1989-90 V1=J V5=U V7=8
734 Dodge Colt DL4WD wagon. 1989-90 V14=JB4E V5=V,W
934 Plymouth Colt 4door. 1985 V1=J V5=A£ V7=6.8
934 Plymouth Colt. 1986-88 V1=J V5=A V7=4,6.8
934 Plymouth Colt 4WD. 1986-88 V14=JP4E V5=A
934 Plymouth ColtDL wagon, 1989-90 V1=J V5=U V7=8
934 Plymouth ColtDL4WD wagon, 1989-90 V14=JP4E V5=V,W
5235 Mitsubishi Mirage, 1985-88 V1=J V5=A V7=4,6
5236 Mitsubishi Precis, 1987-89 V1=K V2=M,P V4=L
5532 Hyundai Excel, 1986-89 V4=L V5=AJ),F

Cargroup 5206
Mitsubishi Starion, 1985-89
Wheelbase 95.9
635 Chrysler Conquest, 1987-89 V1=J V5=C V7=4
735 Dodge Conquest. 1985-86 V1=J V5=C V7=4
935 Plymouth Conquest, 1985-86 V1=J V5=C V7=4
5231 Mitsubishi Starion. 1985-88 V1=J V5=C V7=4

Cargroup 5207
Mitsubishi Tredia/Cordia, 1985-88
Wheelbase 96.3
5232 Mitsubishi Tredia, 1985-87 V1=J V5=F V7=6
5233 Mitsubishi Cordis, 1985-88 V1=J V5=F V7=4

Cargroup 5208
Colt Vista, 1985-91
Wheelbase 103.3-103.5
744 Dodge Colt Vista, 1985-91 V1=J V5=G V7=9 V6=3,4
744 Dodge Colt Vista 4WD. 1985-91 V15=JB4FH
944 Plymouth Colt Vista, 1985-91 V1=J V5=G V7=9 V6=3.4
944 Plymouth Colt Vista 4WD. 1985-91 V15=JP4FH
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Car group 5209
Mitsubishi Galant 102.4.1985-93
Wheelbase 102.4
5234Mitsubishi Galant, 1985-88 V5=B V7=6.7 V1=J
5234Mitsubishi Galant, 1989-92 V1=J V5=R^C V7=6
5234 Mitsubishi Galant, 1993 V5=H
5238 Mitsubishi Sigma, 1989-91 V1=J V5=B V7=7

Car group 5210
Mitsubishi Mirage 96.7,1989-92
Wheelbase 96.7
1034 Eagle Summit, 1989-91 V5=U V7=4,6
1034 Eagle Summit sedan, 1992 V5=U V7=6
5235 Mitsubishi Mirage, 1989 VI=J V5=U V7=4,6
5235 Mitsubishi Mirage sedan. 1990-92 V5=U V7=6

Cargroup 5211
Dodge Colt93.9,1989-92
Wheelbase 93.9
734Dodge Colt 2HB, 1989-92 V1=J V5=U V7=4
934 Plymouth Colt 2HB, 1989-92 V1=J V5=U V7=4
1034 Eagle Summit 2HB, 1992 V5=U V7=4
5235 Mitsubishi Mirage 2HB, 1990-92 V1=J V5=U V7=4

Cargroup 5212
Mitsubishi Ecupse 97.2,1990-93
Wheelbase 97.2
937 Plymouth Laser. 1990-92 Vl=l,4 V5=S.T V7=4
937 Plymouth Laser, 1993 Vl=1.4 V5=F,G V7=4
1037 Eagle Talon, 1990-92 Vl=l,4 V5=S.T V7=4
1037 Eagle Talon, 1993 Vl=l,4 V5=F,G V7=4
5237Mitsubishi EcUpse, 1990-92 V5=S,T V7=4
5237 Mitsubishi Eclipse. 1993 V5=F,G V7=4

Cargroup5213
Dodge Stealth, 1991-93
Wheelbase 97.2, track width 62
739 Dodge Stealth, 1991-92 V5=D,E V1=J V7=4
739 Dodge Stealth, 1993 V5=M.N VI =J V7=4
5239 Mitsubishi 3000GT. 1991-92 V1=J V5=D,E V7=4
5239 Mitsubishi 3000GT, 1993 V1=J V5=MJ4 V7=4

Car group 5214
Mitsubishi LRV, 1992-93
Wheelbase 99.2
744 Dodge Colt Vista, 1992 V1=J V5=V,W
744 Dodge Colt Vista. 1993 V1=J V5=B.C
944 Plymouth Colt Vista, 1992 V1=J V5=V,W
944 Plymouth Colt Vista, 1993 V1=J V5=B.C
1044 Eagle Summit wagon, 1992 V5=V.W
1044 Eagle Summit wagon, 1993 V1=J V5=B,C
5244 Mitsubishi Expo LRV, 1992 V1=J V5=V,W
5244 Mitsubishi Expo LRV. 1993 V1=J V5=B.C
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Cargroup 5215
Mitsubishi Diamante, 1992-93
Wheelbase 107.1
5240 Mitsubishi Diamante, 1992 V5=C Vl-J ,„„„„,.
5240 Mitsubishi Diamante, 1993 V5=P or (V5=C and V13=6MM)
5245 Mitsubishi Expo SP. 1992 V5=Y,Z
5245 Mitsubishi Expo SP. 1993 V5=D,E

Cargroup 5216
Dodge Colt 2door 96.1.1993
Wheelbase 96.1
734 Dodge Colt 2door. 1993 V1=J V5=A V7=l-5
934 Plymouth Colt 2door. 1993 V1=J V5=A V7=l-5
1034 Eagle Summit 2door. 1993 V1=J V5=A V7=l-5
5235 Mitsubishi Mirage 2door. 1993 V1=J V5=A V7=l-5

Cargroup 5217
Dodge Colt 4door 98.4.1993
Wheelbase 98.4 ,„,,,
734 Dodge Colt 4door. 1993 V1=J V5=A V7=6-8
934 Plymouth Colt 4door. 1993 V1=J V5=A V7=6-8
1034 Eagle Summit 4door. 1993 V1=J V5=A V7=6-8
5235 Mitsubishi Mirage 4door, 1993 V1=J V5=A V7=6-8

Suzuki Car Groups

Car group 5301
Chevrolet Sprint 88.4,1985-88
Wheelbase 88.4-
2033 Chevrolet Sprint, 1985-86 V4=M V13=JG1 V5=R,S
2033 Chevrolet Sprint 2door, 1987-88 V4=M V6=l,2 V13=JG1 V5=R,S

Car group 5302
Chevrolet Sprint 92.3.1987-88
Wheelbase 92 3
2033 Chevrolet Sprint 4door. 1987-88 V4=M V6=6 V13=JG1 V5=R.S

Car group 5303
Geo Metro 89.2.1989-93

2037GeTMetro 2door, 1989-93 V4=M V6=1.2,3 V13=JG1,2C1 V5=R,S.T
5334 Suzuki Swift 2 door, 1989-93 V5=A,C

Cargroup 5304
Geo Metro 93.1,1989-93
Wheelbase 93.1
2034 Geo Metro 4door, 1989-93 V4=M V6=6 V13=JGUC1 V5=R.S.T
5334 Suzuki Swift 4 door, 1989-93 V5=BJ3JE3
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Hyundai Car Groups

Car group5501
Hyundai Sonata, 1989-93
Wheelbase 104.3
5533 Hyundai Sonata, 1989-93 V4=B V5=F

Car group5502
Hyundai Excel93.8,1990-93
Wheelbase 93.8
5236 Mitsubishi Precis, 1990-93 V1=K V2=P V4=V
5532Hyundai Excel, 1990-93 V4=V V5=D,F
5534Hyundai Scoupe, 1991-93 V4=V V5=E

Car group 5503
Hyundai Elantra, 1992-93
Wheelbase 98.4

5535Hyundai Elantra, 1992-93 V4=J V5=F

Taunus Car Groups

Car group5603
MerkurXR4Ti, 1985-89
Wheelbase 102.7
5631 MerkurXR4Ti, 1985-89 V67=80

Car group5604
MerkurScorpio.1988-90
Wheelbase 108.7

5632 Merkur Scorpio. 1988-90 V67=81

Car group 5701
Yugo, 1986-91
Wheelbase 84.7

5731 Yugo, 1986-91 V4=B

Car group6001
Daihatsu Charade. 1988-92
Wheelbase 92.1
6031 Daihatsu Charade, 1988-92 V5=G

Yugo Car Groups

Daihatsu Car Groups
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Daewoo Car Groups

Cargroup 6301
PontiacLeMans. 1988-93
Wheelbase 99.2
2231 Pontiac LeMans. 1988-93 V4=T V13=KL2 V5=N,R,S,X

Kia Car Groups

Cargroup 6401
Ford Festiva. 1988-93
Wheelbase 90.2
1234 Ford Festiva. 1988 V67=6.7.10.12.13 V13=KNJ V5=T
1234 Ford Festiva, 1989-93 V67=5-7 V13=KNJ V5=T

Australian Ford Car Groups

Cargroup 6501
Mercury Capri XR-2.1989-93
Wheelbase 94.7 FWD
1431 Mercury Capri. 1989-93 V13=6MP V67=l,3 V5=T

214



APPENDIX C

FUNDAMENTAL LIGHT TRUCK GROUPS, 1985-93
(Shared Body Platforms)

1 The first line ofthe definition assigns afour-digit number to the Ught truck group; the first
two digits indicate the manufacturer, (70=AMC, 71=Chrysler, 74=Ford, 76=GM, etc.); the
last two digits are sequentid and generaUy chronologicd for that manufacturer.

2 The second line assigns aname to the Ught truck group and gives the limits ofthe range of
model years for the various make-models in the group. Light truck groups are often named
after the largest selling make-model with that body platform and/or the wheelbase ofthat
platform (to the nearest inch).

3 The third line specifies the type oftrucks included in the group: compact or fuU-sized
pickup, compact or fuU-sized SUV, compact or fuU-sized van, or car-based pickup.

4. The fourth line shows the range ofwheelbases ofthe trucks in that group, as derived from
"Light Truck Specifications- in Ward's Almanac or Automotive NSW5-

5 The remdmng lines list the specific make-models included in the light truck group,
including afour-digit make-model code, the make-model name (plus additiond
specifications such as "extended cab" ifnot every truck ofthat make-model is mthat group
during the specified time period), arange ofmodel years, and the VTN characters that
identify specificdly which trucks bdong to this group (V3 is the 3rd character ofthe VIN,
V34 is the 3rd and 4th character, etc.).
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American Motors (Jeep) Ught Truck Groups

Light truck group 7001
Jeep "J" Pickup 118.7.1985-86
Full-sized pickup truck
Wheelbase 118.7(short bed)
7001 Jeep J-10 4x4 short-bed pickup. 1985-86 V67=25

Light truck group 7002
Jeep "J" Pickup 130.7.1985-88
Full-sized pickup truck
Wheelbase 130.7 (longbed)
7002 Jeep J-10 4x4 long-bed pickup. 1985-88 V67-26
7003 Jeep J-20 4x4 long-bed pickup. 1985-88 V67=27

Light truck group 7003
Jeep CJ-8 Scrambler, 1985-86
Compact open-body SUV
Wheelbase 103.4 ,.,„_„„
7004 Jeep CJ-8 Scrambler 4x4,1985-86 V3=C V67=88

Light truck group 7004
Jeep CJ-7.1985-86
Compact open-body SUV
Wheelbase 93.4
7005 Jeep CJ-7 4x4,1985-86 V3=C V67=87,89

Light truck group 7005
Jeep Cherokee, 1985-93
Compact SUV
Wheelbase 101.4 (sometimes written as101.0)
7006 Jeep Cherokee. 1985-88 V3=C V67=73,74
7006 Jeep Cherokee. 1989-93 Vl=l V3=4 V4=F V5=T V7=7.8
7007 Jeep Cherokee 4x4,1985-88 V3=C V67=77,78,79
7007 Jeep Cherokee 4x4,1989-93 Vl=l V3=4 V4=F V5=J V7=7.8

Light truck group 7006
Jeep Wagoneer, 1985-92
Compact SUV
Wheelbase 101.4 (sometimes written as 101.0)
7008 Jeep Wagoneer 4x4.1985-88 V3=C V67=75
7008 Jeep Wagoneer/CherokeeBriarwood4x4.1989-92 Vl=l V3=4 V4=F V5=N V7=8

Light truck group 7007
Jeep Grand Wagoneer. 1985-92
Full-sized SUV
Wheelbase 108.7 (sometimes written as 109.0)
7009 Jeep Grand Wagoneer 4x4,1985-88 V3=C V67=15
7009 Jeep Grand Wagoneer 4x4,1989-92 Vl=l V3=4 V4=G V5=S V7=8

216



Light truck group 7008
Jeep Comanche 119.9,1986-88
Compact pickup truck
Wheelbase 119.9
7010 Jeep Comanche long bed. 1986-88 V3=T V67=66
7011 Jeep Comanche 4x4 long bed, 1986-88 V3=T V67=65

Light truck group 7009
Jeep Comanche 113,1987-88
Compact pickup truck
Wheelbase 113
7012 Jeep Comanche, 1987-88 V3=T V67=64
7013 Jeep Comanche 4x4,1987-88 V3=T V67=63

Light truck group 7010
Jeep Wrangler, 1987-93
Compact open-body SUV
Wheelbase 93.4(sometimes written as93.5)
7014 Jeep Wrangler 4x4,1987-88 Vl=2 V3=C V67=81
7014 Jeep Wrangler 4x4,1989-92 Vl=2 V3=4 V4=F V5=Y V7=9
7014 Jeep Wrangler 4x4.1993 Vl=l V3=4 V4=F V5=Y V7=9

Light truck group 7011
Jeep Comanche 113/119.9.1989-92
Compact pickup truck
Wheelbase 113 (short bed) or 119.9 (long bed)
7015 Jeep Comanche, 1989-92 Vl=l V3=7 V4=F V5=T V7=6
7016 Jeep Comanche 4x4.1989-92 Vl=l V3=7 V4=F V5=J V7=6

Chrysler Corp. Domestic light TruckGroups

Light truckgroup7101
Caravan/Voyager 112.0.1985-90
Compact van
Wheelbase 112.0 „.«,,„ ,
7101 Dodge Caravan, 1985-88 Vl=2(or 1in 87) V3=4 V4=F V5=K V7=l
7101 Dodge Caravan, 1989-90 Vl=2 (or 1in 87) V3=4 V4=F V5=K V7=5
7102 Dodge Mini Ram Van. 1985-88 Vl=2(orl/87) V3=6(?),7 V4=E,F,G V5=K V7=3
7102 Dodge Mini Ram Van, 1989-90 Vl=2(orl/87) V3=6(?),7 V4=E,F,G V5=K V7=l
7201 Plymouth Voyager. 1985-88 Vl=2(or 1in 87) V3=4 V4=F V5=H V7-1
7201 Plymouth Voyager, 1989-90 Vl=2 (or 1in 87) V3=4 V4=F V5=H V7=5
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Light truck group 7102
Dodge D/W 150 Pickup. 1985-93
Full-sized pickup truck
Wheelbase 115 (short bed) or 131 (long bed)

7104 Dodge D150 pickup. 1985-88 Vl=l V3«*7 'V4=F-H V56=D1 V7=4

7105DodgeW100/W150S4wdpickup. 1989-91 VWJWVW V56MD W=0
7 06 Dod«W1504wdpickup. 1985-88 Vl=l V3=7 V4=H V56=W1 V7-4"SS&wSSK; 1989-93 Vl=1.3 V3=7 V4=H V56=M1 V7=6
Light truck group 7103
Dodge D/W 250/350 Pickup, 1985-93
Full-sized pickup truck

T^OTDoteDSSOpickup. 1985-88 V3=7 V«WU* V56=D2 V7=4
7SlXSoSS 1989-93 V3=7 V4=HJJC V56=E2 V7=60KwSu^ickup. 1985-88 V3=7 V4=RJJC V5JW2 V7=4
7108 Dodge W2504wd pickup. 1989-93 V3=7 V4=H,J.K V56-M2 V7=6
7109DodgeD350pickup, 1985-88 V3=7 V56~D3 V7=4
7109 Dodge D350 pickup. 1989-93 V3=7 V4=KJ, V56-B3 V7=6
7110 Dodge W3504wd pickup, 1985-88 V3=7 V56=W3 V7-4
7110Dodge W350 4wdpickup, 1989-93 V3=7 V4=K.L V56=M3 V7=6

Light truck group 7104
Dodge D/W Crew Cab Pickup 149/165,1985-88
Full-sized pickup truck
Wheelbase 149(shortbed)or 165(longbed) v«.m \n-Sfi
7111 Dodge D350 crew cab pickup. 1985-88 Vl=l V3=7 V4=K V56=D3 V7-5,6
7112 Dodge W350 crew cab pickup. 1985-88 Vl-1 V3=7 V56=W3 V7=5.6

Light truck group 7105
Dodge Ramcharger. 1985-93
Full-sized SUV
Wheelbase 106
7113 Dodge Ramcharger. 1985-88 Vl=1.3 V3=4 V4=G V56-D0.D1 V7=2
7113DodgeRamcharger. 1989-93 Vl=3 V3=4 V4-GJ[ V5=E V7=7
7114DodgeRamcharger4x4.1985-88 Vl=1.3 V3=4 V4=G.HVS^WO.Wl V7-2
7114 Dodge Ramcharger 4x4.1989-93 Vl=3 V3=4 V4=G,H V5=M V7=7

Light truck group 7106
Dodge Ram Van 109.6/127.6,1985-93
Full-sized van
Wheelbase 109.6or 127.6 _ „, ,„ „
7115DodgeB150 Ram Van, 1985-88 Vl=2 V3=6(?),7 V4=F,G V56=B1 V7=3
7115 Dodge B150 Ram Van. 1989-93 Vl=2 V3=6(?).7 V4=F.G V56=B1 V7-1
7116DodgeB150 Ram Wagon, 1985-88 Vl=2 V3=4 V4=F-H V56=B V7=l
7116 DodgeBlSO RamWagon, 1989-93 Vl=2 V3=4 V4=F-H V56=B1 V7=5
7117DodgeB250 Ram Van, 1985-88 Vl=2 V3=6(?).7 V4=H V56=B2 V7=3
7117 Dodge B250 Ram Van, 1989-93 Vl=2 V3=6(?),7 V4=H V56=B2 V7=l
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Light truck group 7107
Dodge Ram Van 127.6,1985-93
Full-sized van

71 lTD»TgeB250 Ram Wagon, 1985-88 Vl=2 V3=4 V4=H V56=B2 V7=l
7118 Dodge B250 Ram Wagon. 1989-93 Vl=2 V3=4 V4=H V56=B2 V7=5
7119 Dodge B350 Ram Van. 1985-88 Vl=2 V3=6(7).7 V4=JJC V56=B3 V7=3
7119DodgeB350Ram Van. 1989-93 Vl=2 V3=6(?).7 V4=J.K V56=B3 V7=l
7120 DodgeB350 Ram Wagon. 1985-88 Vl=2 V34=4H.4K.5W(7) V56=B3 V7=l
7120 Dodge B350 Ram Wagon. 1989-93 Vl=2 V34=4H,4K,5W(7) V56=B3 V7=5

Light truck group 7108
Dodge Dakota 111.9/123.9.1987-93
Compact pickup truck
Wheelbase 111.9 (short bed) or 123.9 (long bed)
7130 Dodge Dakota. 1987-88 Vl=l V3=7 V4=E-G V56=N1.N6 V7=4
7130 Dodge Dakota. 1989-93 Vl=l V3=7 V4=F-H V5=L V7=6
7131 Dodge Dakota 4x4.1987-88 Vl=l V3=7 V4=F-G V56=R1,R6 V7=4 .
7131 Dodge Dakota 4x4.1989-93 Vl=l V3=7 V4=F-H V5=G V7=6

Light truck group 7109
Grand Caravan/Grand Voyager. 1988-90
Compact van
Wheelbase 119.1 „ ,„_„
7132 Dodge Grand Caravan, 1988 Vl=l V3=4 V4=F-G V5=K V7=0
7132 Dodge Grand Caravan, 1989-90 Vl=l V3=4 V4=F-G V5=K V7=4
7133 Dodge Mini Ram Van (extended), 1988 Vl=l V3=6(?),7 V4=E-G V5=K V7=3
7133 Dodge Mini Ram Van (extended), 1989-90 Vl=l V3=6(7),7 V4=E-G V5=K V7=4
7202 Plymouth Grand Voyager. 1988 Vl=l V3=4 V4=F-G V5=H V7=0
7202 Plymouth Grand Voyager. 1989-90 Vl=l V3=4 V4=F-G V5=H V7=4
7301 Chrysler Town &Country, 1990 Vl=l V3=4 V4=G V5=Y V7=4

Light truck group 7110
Dodge D/W Club Cab Pickup 149,1990-93
Full-sized pickuptruck
Wheelbase 149.0
7134DodgeD150clubcabpickup. 1990-93 V1=U V3=7 V4=F-H VS6-E1 V7-3
7135 Dodge W150 4x4 club cab pickup. 1990-93 Vl=1.3 V3=7 V4=F-H V56=M1 V7=3
7136 Dodge D250 club cab pickup. 1990-93 Vl=1.3 V3=7 V4=H,JJC V56=E2 V7=3
7137 Dodge W250 4x4 club cab. 1990-93 Vl=l,3 V3=7 V4=RJJC V56=M2 V7=3

Lighttruckgroup7111
Dodge Dakota Club Cab 131,1990-93
Compact pickup truck
Wheelbase 131.0 „ „ ,« ,
7138DodgeDakotaClub Cab, 1990-93 Vl=l V3=7 V4=F-G V5=L V7=3
7139 Dodge Dakota Club Cab 4x4,1990-93 Vl=l V3=7 V4=F-G V5=G V7=3
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Light truck group 7112
Caravan/Voyager 112.3.1991-93
Compact van .
Wheelbase 112.3
7140 Dodge Caravan. 1991 Vl=2 V3=4 V4=F-G V5=K V7=5
7140 Dodge Caravan. 1992-93 Vl=2 V3=4 V4=F-G V5=H V7=5
7141 Dodge Caravan 4x4,1991 Vl=2 V3=4 V4=G V5=D V7=5
7141 Dodge Caravan 4x4,1992-93 Vl=2 V3=4 V4=G V5=K V7=5
7142 Dodge Caravan cargo, 1991 Vl=2 V3=7 V4=F-G V5=K V7=l
7142 Dodge Caravan cargo. 1992-93 Vl=2 V3=7 V4=F-G V5=H V7=l
7143 Dodge Caravan cargo 4x4.1991 Vl=2 V3=7 V4=G V5=D V7=l
7143 Dodge Caravan cargo 4x4.1992-93 Vl=2 V3=7 V4=G V5=K V7=l
7203 Plymouth Voyager. 1991-93 Vl=2 V3=4 V4=F-G V5=H V7=5
7204 Plymouth Voyager 4x4.1991 Vl=2 V3=4 V4=G V5=P V7=5
7204 Plymouth Voyager4x4,1992-93 Vl=2 V3=4 V4=G V5=K V7=5

Lighttruckgroup7113
Grand Caravan/Voyager 119.3,1991-93
Compact van
Wheelbase 119.3
7144 Dodge Grand Caravan. 1991 Vl=l V3=4 V4=G V5=K V7=4
7144 Dodge Grand Caravan. 1992-93 Vl=l V3=4 V4=G V5=H V7=4
7145 Dodge Grand Caravan 4x4,1991 Vl=l V3=4 V4=G V5=D V7=4
7145 Dodge Grand Caravan 4x4,1992-93 Vl=l V3=4 V4=G V5=K V7=4
7146 Dodge Caravan cargo extended, 1991 Vl=l V3=7 V4=G V5=K V7=4
7146 Dodge Caravan cargo extended, 1992-93 Vl=l V3=7 V4=G V5=H V7=4
7147 Dodge Caravan cargo 4x4 extended, 1991 Vl=l V3=7 V4=G V5=D V7=4
7147 Dodge Caravan cargo 4x4 extended, 1992-93 Vl=l V3=7 V4=G V5=K V7=4
7205 Plymouth Grand Voyager, 1991-93 Vl=l V3=4 V4=G V5=H V7=4
7206 Plymouth Grand Voyager 4x4,1991 Vl=l V3=4 V4=G V5=P V7=4
7206 Plymouth Grand Voyager 4x4,1992-93 Vl=l V3=4 V4=G V5=K V7=4
7302 Chrysler Town &Country, 1991 Vl=l V3=4 V4=G V5=Y V7=4
7302 Chrysler Town &Country, 1992-93 Vl=l V3=4 V4=G V5=H V7=4
7303 Chrysler Town &Country 4x4,1992-93 Vl=l V3=4 V4=G V5=K V7=4

Light truckgroup7114
JeepGrand Cherokee, 1993
CompactSUV
Wheelbase 105.9
7017 Jeep Grand Cherokee, 1993 Vl=l V3=4 V4=G V5=W V6=5-7 V7=8
7018 Jeep Grand Cherokee 4x4,1993 Vl=l V3=4 V4=G V5=Z V6=5-7 V7=8
7019 Jeep Grand Wagoneer 4x4,1993 Vl=l V3=4 V4=G V5=Z V6=8 V7=8

Ford Motors Light Track Groups

Lighttruck group7401
FordRanger 107.9/113.9.1985-92
Compact pickuptruck
Wheelbase 107.9(shortbed) or 113.9(longbed)
7401 FordRanger. 1985-92 Vl=l V3=T V4=B-C V57=R10
7402 Ford Ranger 4x4.1985-92 Vl=l V3=T V4=B-C V57=R11
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Light truck group 7402
FordF150 Pickup, 1985-93
Full-sized pickup truck
Wheelbase 116.8 (short bed) or 133.0 (long bed)
7403 Ford Fl 50 pickup, 1985-93 V3=T V4=C-E V57=F15
7404 Ford F150 4x4 pickup, 1985-93 V3=T V4=D-F V57=F14

Light truck group 7403
Ford F250/350 Pickup, 1985-93
Full-sized pickup truck
Wheelbase 133 0
7405 Ford F250 pickup, 1985-93 V3=T V4=E-H V57=F25
7406 Ford F250 4x4 pickup, 1985-93 V3=T V4=E-H V57=F26
7407 Ford F350 pickup, 1985-93 V3=T V4=H-J V57=F35
7408 Ford F350 4x4 pickup. 1985-93 V3=T V4=H-J V57=F36

Light truck group 7404
FordF150 Supereab Pickup. 1985-93
Full-sized pickup truck
Wheelbase 138.8 (short bed) or 155.0 (long bed)
7409 Ford F150 supereab pickup. 1985-93 Vl=l V3=T V4=D-F V57=X15
7410 Ford F150 4x4 supereab pickup. 1985-93 Vl=l V3=T V4=D-F V57=X14

Light truck group 7405
FordF250/350 Supereab Pickup 155.0,1985-93
Full-sized pickuptruck
Wheelbase 155.0
7411 Ford F250 supereab pickup, 1985-93 V3=T V4=H V57=X25
7412 Ford F250 4x4 supereab pickup. 1985-93 V3=T V4=H V57=X26
7413 FordF350 supereab pickup. 1985-88 V3=T V4=H-J V57=W35
7414 Ford F350 4x4 supereab pickup. 1985-88 V3=T V4=H-J V57=W36
7431 Ford F350 supereab dual-rear-wheel. 1988-93 V3=T V4=J V57=X35

Light truck group 7406 —,-"
Ford Bronco II, 1985-90
Compact SUV
Wheelbase 94.0
7415 Ford Bronco H4x4,1985-90 Vl=l V3=M V4=B-C V57=U14
7416 Ford Bronco n, 1986-90 Vl=l V3=M V4=B-C V57=U12

Light truck group 7407
Ford Bronco, 1985-93
Full-sized SUV
Wheelbase 104.7 (sometimes written as105.0)
7417 Ford Bronco 4x4,1985-93 Vl=l V3=M V4=D-E V57=U15

Light truck group 7408
Fordvan 124/138,1985-90
Full-sized van
Wheelbase 124.0 or 138.0 ,„=*.*
7418 Ford E-150 (cargo), 1985-90 Vl=l V3=D(7),T V4=D-E V56=E1 V7-4-6
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Light truck group 7409
Ford van 138,1985-91
Full-sized van

Wheelbase 138.0
7418 Ford E-150 (cargo), 1991 Vl=l V3=D(?),T V4=D-E V56=E1 V7=4-6
7419 Ford E-150 Super Van, 1985-91 Vl=l V3=D(?),T V4=D,E V56=S1 V7=4-6
7420 Ford E-150 Club Wagon. 1985-91 Vl=l V3=M V4=E V56=E1 V7=l
7421 Ford E-250 (cargo), 1985-91 Vl=l V3=D(?),T V4=E-H V56=E2 V7=4-6
7422 Ford E-250 Super Van, 1985-91 Vl=l V3=D(?),T V4=F-H V56=S2 V7=4-6
7423 Ford E-250 Club Wagon, 1985-91 Vl=l V3=B(7).M V4=E-H V56=E2 V7=l
7424 Ford E-350 (cargo). 1985-91 Vl=l V3=D(?),T V4=H,J V56=E3 V7=4-6
7425 Ford E-350 Super Van, 1985-91 Vl=l V3=D(7).T V4=H,J V56=S3 V7=4-6
7426 Ford E-350 Super Club Wagon. 1985-91 Vl=l V3=B(?),M V4=H,J V56=S3 V7=l

Light truck group 7410
Ford Ranger Supereab, 1986-92
Compact pickup truck
Wheelbase 125.0
7427 Ford Ranger Supereab. 1986-92 Vl=l V3=T V4=C V57=R14
7428 Ford Ranger Supereab 4x4.1986-92 Vl=l V3=T V4=C V57=R15

Lighttruck group 7411
Ford Aerostar. 1986-93
Compact van
Wheelbase 118.9
7429 Ford Aerostar Van (cargo), 1986-93 Vl=l V3=D(?),T V4=C-D V57=A14.A15
7430 Ford Aerostar Wagon, 1986-93 Vl=l V3=M V4=C-D V57=AU
7432Ford Aerostar extended van. 1989-93 Vl=l V3=D(7),T V4=C-D V57=A34,A35
7433 Ford Aerostar extended Wagon, 1989-93 Vl=l V3=M V4=C-D V57=A31
7436 Ford Aerostar 4x4Van (cargo). 1990-93 Vl=l V3=D(?).T V4=D V57=A24,A25
7437 Ford Aerostar 4x4Wagon, 1990-93 Vl=l V3=M V4=C-D V57=A21
7438Ford Aerostar 4x4 extended van, 1990-93 Vl=l V3=D(?),T V4=D V57=A44,A45
7439 Ford Aerostar 4x4extended Wagon. 1990-93 Vl=l V3=M V4=D V57=A41

Lighttruck group 7412
Ford F350 Crew Cab Pickup 168.4,1989-93
FuU-sized pickuptruck
Wheelbase 168.4
7434 Ford F350 Crew Cab pickup. 1989-93 Vl=2 V3=T V4=J V57=W35
7435 Ford F350 4x4Crew Cab pickup. 1989-93 Vl=2 V3=T V4=J V57=W36

Lighttruck group 7413
FordExplorer 2dr 102.1.1991-93
Compact SUV
Wheelbase 102.1
7440 Ford Explorer 2dr, 1991-93 Vl=l V3=M V4=C V57=U22
7441 Ford Explorer 2dr 4x4,1991-93 Vl=l V3=M V4=C-D V57=U24
8310 Mazda Navajo 4x4,1991-93 V13=4F2 V45=CU V6=4 V7=4
8311 MazdaNavajo, 1992-93 V13=4F2 V45=CU V6=4 V7=2
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Lighttruck group 7414
Ford Explorer 4dr 111.9.1991-93
CompactSUV
Wheelbase 111.9
7442 Ford Explorer 4dr. 1991-93 Vl=l V3=M V4=D V57=U32
7443 Ford Explorer 4dr 4x4,1991-93 Vl=l V3=M V4=D V57=U34

Light truck group 7415
Ford van 138(92 redesign), 1992-93
Full-sized van
Wheelbase 138.0
7444 Ford E-150 (cargo), 1992-93 Vl=l V3=D(?),T V4=D-E V57=E14
7445 Ford E-150 Club Wagon. 1992-93 Vl=l V3=M V4=E V57=E11
7446 Ford E-250 (cargo). 1992-93 Vl=l V3=D(?),T V4=E-H V57=E24
7447 Ford E-250 Super Van, 1992-93 Vl=l V3=D(?).T V4=F-H V57=S24
7448 Ford E-350 (cargo). 1992-93 Vl=l V3=D(7).T V4=H.J V57=E34
7449 Ford E-350 Super Van. 1992-93 Vl=l V3=D(?).T V4=H.J V57=S34
7450 Ford E-350 Club Wagon. 1992-93 Vl=l V3=B(?),M V4=rLJ V57=E31
7451 Ford E-350 Super Club Wagon. 1992-93 Vl=l V3=B(7),M V4=H.J V57=S31

Lighttruckgroup 7416
Ford Ranger 108.0/114.0.1993
Compact pickuptruck
Wheelbase 108.0(shortbed) or 114.0Gong bed)
7452 Ford Ranger. 1993 Vl=l V3=T V4=C V57=R10
7453 Ford Ranger 4x4.1993 Vl=l V3=T V4=C V57=R11

Lighttruck group 7417
Ford RangerSupereab (1993 redesign), 1993
Compactpickup truck
Wheelbase 125.0

7454Ford Ranger Supereab, 1993 Vl=l V3=T V4=C-D V57=R14
7455Ford Ranger Supereab 4x4,1993 VI=1 V3=T V4=C-D V57=R15

Light truck group7418
Mercury Villager, 1993
Compact van
Wheelbase 112.2

7501 Mercury Villager Van (cargo), 1993 V13=4M2 V4=D V57=V14
7502 Mercury Villager Wagon, 1993 V13=4M2 V4=D V57=V11
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General Motors Ught Truck Groups

Light truck group 7601
GMS/T pickup 108.3/117.9/122.9.1985-87

Mitt7601 Chevrolet S10 pickup. 1985-87 Vl=l )**%£** ™$LlU
7602ChevroletT104x4pickup. 1985-87 Vl=l V3=f Y^..V57 ™
7701 GMC S15 pickup. 1985-87 Vl= V3=T^ V4=B-C[™-™
7702 GMC T15 4x4 pickup. 1985-87 Vl=l V3=T V4=B-D V57-T14

Light truck group 7602
GM C/K/R/V 10 pickup, 1985-88

KffirE&b*- 131.5 0ongbed)or 155^5 (extend* cab)
T^fch^vroletclo/RlOpickup, 1985-86 V3=C V4;C-E 5K
7603 Chevrolet C10/R10 pickup, 1987-88 V3=CV4j=C^V57-R14
7604ChevroletK10/V104x4pickup, 1985-86 V3=C V4-D-E V57-K4
7604 ChevroletKlO/VIO 4x4pickup. 1987-88 V3=C V4=DjE V57-V14
7703 GMC C15/R15 pickup. 1985-86 V3=T V4=C-E V57=C 4
7703 GMC C15/R15 pickup. 1987-88 V3=T V4=C-E V57-R14
7704 GMC K15/V15 4x4 pickup. 1985-86 V3=T V4=D-E V57=K14
7704GMCK15/V154x4jickup. 1987-88 V3=T V4=D-E V57=V14

Light truck group 7603
GM C/K/R/V 20/30 pickup 131.5/155.5.1985-89
FuU-sized pickup truck
Wheelbase 131.5 (regular cab) or 155.5 (extendedxab)
7605 Chevrolet C20/R20 pickup. 1985-86 V3=B(?).C V4=E-G_ V57=C24
7605 Chevrolet C20/R20 pickup. 1987 V3=B(?)C ^-G V57-R24
7606ChevroletK20/V204x4pickup. 1985-86 V3=B(?).C^V4=E-G_V57-K24
7606ChevroletK20/V204x4pickup. 1987 V3=B(?)C V4=E-G V57-V24
7607 Chevrolet C30/R30 pickup, 1985-86 V3=B ?).C V4=G-H V57-C34
7607 Chevrolet C30/R30 pickup. 1987-89^=^5,^^V57-M4
7608 Chevrolet K30/V30 4x4 pickup. 1985-86 V3=B 7).C V4-H V57-K34
7608 Chevrolet K30/V30 4x4 pickup. 1987-89' VW^ V4HHLS
7705 GMC C25/R25 pickup. 1985-86. VW)J^VJ^&OVST-CM
7705 GMC C25/R25 pickup. 1987 V3=D(?,T ^f-G V57^4
7706 GMC K25/V25 4x4 pickup. 1985-86 V3=D(?).T V4=E-G^ V57-K24
7706 GMC K25/V25 4x4 pickup. 1987 V3=D(?) T V4=E-G V57-V24
7707 GMC C35/R35 pickup. 1985-86 V3=D ?),T V4=G-H V57-C34
7707 GMC C35/R35 pickup. 1987-89 V3=D(7).T V4=G-H V57-R34
7708GMCK35/V354X4pickup. 1985-86 V3=D(?)T V4=H V57=K34
7708 GMC K35/V35 4x4 pickup. 1987-89 V3=D(?).T V4=H V57=V34
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Light truckgroup 7604
GM S Blazer/Jimmy 2dr 100.5,1985-93
Compact SUV
Wheelbase 100.5
7609 Chevrolet S10 Blazer 2dr, 1985-86 Vl=l V3=8 V4=C V57=S18
7609 Chevrolet S10 Blazer 2dr, 1987-93 Vl=l V3=N V4=C V57=S18
7610 Chevrolet S10 4x4 Blazer 2dr, 1985-86 Vl=l V3=8 V4=C V57=T18
7610 Chevrolet S10 4x4 Blazer 2dr, 1987-93 Vl=l V3=N V4=C V57=T18
7709 GMC S15 Jimmy 2dr, 1985-86 Vl=l V3=5 V4=C V57=S18
7709 GMC S15 Jimmy 2dr, 1987-93 Vl=l V3=K V4=C V57=S18
7710 GMC S15 4x4 Jimmy 2dr, 1985-86 Vl=l V3=5 V4=C V57=T18
7710 GMC S15 4x4 Jimmy 2dr, 1987-93 Vl=l V3=K V4=C V57=T18

Light truck group 7605
GMK/V Blazer/Jimmy 106.5,1985-91
FuU-sized SUV

Wheelbase 106.5
7611 Chevrolet K10/V10 4x4Blazer, 1985-86 Vl=l V3=8 V4=E V57=K18
7611 Chevrolet K10AM0 4x4Blazer, 1987-91 Vl=l V3=N V4=E V57=V18
7711 GMC K15W5 4x4Jimmy, 1985-86 Vl=l V3=5 V4=E V57=K18
7711 GMC K15/V15 4x4Jimmy, 1987-91 Vl=l V3=K V4=E V57=V18

Light truckgroup 7606
GM C/K/R/V 10 Suburban 129.5,1985-91
FuU-sized SUV

Wheelbase 129.5
7612 Chevrolet C10/R10 Suburban, 1985-86 Vl=l V3=8 V4=E-F V57=C16
7612 Chevrolet C10/R10 Suburban, 1987-91 Vl=l V3=N V4=E-F V57=R16
7613 Chevrolet K10/V10 4x4 Suburban. 1985-86 Vl=l V3=8 V4=E-F V57=K16
7613 Chevrolet K10/V10 4x4 Suburban, 1987-91 Vl=l V3=N V4=E-F V57=V16
7712GMC C15/R15 Suburban. 1985-86 Vl=l V3=5 V4=E-F V57=C16
7712 GMC C15/R15 Suburban. 1987-91 Vl=l V3=K V4=E-F V57=R16
7713GMC K15/V15 4x4 Suburban. 1985-86 Vl=l V3=5 V4=E-F V57=K16
7713 GMC K15/V15 4x4 Suburban, 1987-91 Vl=l V3=K V4=E-F V57=V16

Light truckgroup 7607
GM C/K/R/V 20 Suburban 129.5,1985-91
Full-sized SUV

Wheelbase 129.5
7614Chevrolet C20/R20 Suburban, 1985-86 Vl=l V3=8 V4=G V57=C26
7614Chevrolet C20/R20 Suburban, 1987-91 Vl=l V3=N V4=G V57=R26
7615Chevrolet K20/V20 4x4 Suburban, 1985-86 Vl=l V3=8 V4=G V57=K26
7615Chevrolet K20/V204x4 Suburban, 1987-91 Vl=l V3=N V4=G V57=V26
7714 GMCC25/R25 Suburban, 1985-86 Vl=l V3=5 V4=G V57=C26
7714GMC C25/R25 Suburban, 1987-91 Vl=l V3=K V4=G V57=R26
7715 GMC K25/V25 4x4 Suburban, 1985-86 Vl=l V3=5 V4=G V57=K26
7715 GMC K25/V25 4x4 Suburban. 1987-91 Vl=l V3=K V4=G V57=V26
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Light truck group 7608
GM Astro/Safari van, 1985-93
Compact van
Wheelbase 111.0
7616 Chevrolet Astro cargo van, 1985-93 Vl=l V3=B(?),C V4=CJ3 V57=M15
7617 Chevrolet Astro passenger van. 1985-86 Vl=l V3=8 V4=CJ) V57=M15
7617 Chevrolet Astro passenger van. 1987-93 Vl=l V3=N V4=C,D V57=M15
7644 Chevrolet Astro extended cargo van. 1990-93 Vl=l V3=B(?).C V4=D V57=M19
7645 Chevrolet Astro extended psgr van. 1990-93 Vl=l V3=N V4=D V57=M19
7646 Chevrolet Astro 4x4 cargo van, 1990-93 Vl=l V3=B(?),C V4=D V57=L15
7647 Chevrolet Astro 4x4 passenger van, 1990-93 Vl=l V3=N V4=D V57=L15
7648 Chevrolet Astro 4x4 ext cargo van, 1990-93 Vl=l V3=B(?),C V4=D3 V57=L19
7649 Chevrolet Astro 4x4 extended psgr van, 1990-93 Vl=l V3=N V4=D,E V57=L19
7716 GMC Safari cargo van, 1985-93 Vl=l V3=D(?),T V4=C,D V57=M15
7717 GMC Safari passenger van. 1985-86 Vl=l V3=5 V4=CJ3 V57=M15
7717 GMC Safari passenger van. 1987-93 Vl=l V3=K V4=C,D V57=M15
7744 GMC Safari extended cargo van, 1990-93 Vl=l V3=D(?),T V4=D V57=M19
7745 GMC Safari extended passenger van. 1990-93 Vl=l V3=K V4=D V57=M19
7746 GMC Safari 4x4 cargo van, 1990-93 Vl=l V3=D(?),T V4=D V57=L15
7747 GMC Safari 4x4 passenger van, 1990-93 Vl=l V3=K V4=D V57=L15
7748 GMC Safari 4x4extcargo van, 1990-93 Vl=l V3=D(7),T V4=D3 V57-L19
7749 GMC Safari 4x4 extended psgr van, 1990-93 Vl=l V3=K V4=D,E V57=L19

Lighttruckgroup 7609
GMvan 110/125,1985-93
FuU-sized van

Wheelbase 110.0 or 125.0
7618 Chevrolet G10 Chevy Van (cargo). 1985-93 V3=B(7).C V4=C-D V57=G15
7619 Chevrolet G10 Sportvan (passenger), 1985-86 V3=8 V57=G15
7619 Chevrolet GlOSportvan (passenger), 1987-93 V3=N V57=G15
7620 Chevrolet G20 Chevy Van (cargo), 1985-93 V3=B(?).C V4=E V57=G25
7718 GMC 1500 Vandura (cargo). 1985-93 V3=D(?),T V4=C-D V57=G15
7719GMC 1500 Rally (passenger), 1985-86 V3=5 V57=G15
7719GMC 1500 Rally (passenger), 1987-93 V3=K V57=G15
7720 GMC 2500 Vandura (cargo), 1985-93 V3=D(?),T V4=E V57=G25

Light truck group 7610
GMvan 125,1985-93
Full-sized van
Wheelbase 125.0
7621 Chevrolet G20 Sportvan (passenger), 1985-86 V3=8 V4=E V57=G25
7621 Chevrolet G20 Sportvan (passenger), 1987-93 V3=N V4=E V57=G25
7622 Chevrolet G30 Chevy Van (cargo). 1985-93 V3=B(7),C V4=F-H V57=G35
7623 Chevrolet G30 Sportvan, 1985-86 V3=A(7),8 V4=F-H V57=G35
7623 Chevrolet G30 Sportvan, 1987-93 V3=A(7).N V4=F-H V57=G35
7721 GMC 2500 Rally (passenger), 1985-86 V3=5 V4=E V57=G25
7721 GMC 2500 Rally (passenger), 1987-93 V3=K V4=E VS7=G25
7722 GMC 3500 Vandura (cargo). 1985-93 V3=D(?).T V4=F-H V57=G35
7723 GMC 3500 Rally (passenger). 1985-86 V3=0(?).J(7),5 V4=F-H V57=G35
7723 GMC 3500 Rally (passenger). 1987-93 V3=0(7),J(?),K V4=F-H V57=G35
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Lighttruck group 7611
GME1 Camino/CabaUero. 1985-87
Pickup car
Wheelbase 117.1

7624 Chevrolet El Camino. 1985-87 Vl=3 V3=C V5=W
7724 GMC CabaUero, 1985-87 VI =3 V3=T V5=W

Lighttruck group 7612
GM C/K/R/V 20/304 dr pickup 164.5,1985-91
FuU-sized pickuptruck
Wheelbase 164.5
7625 Chevrolet C20/R20 4drpickup, 1985-86 V3=B(?),C V4=G V57=C23
7625 Chevrolet C20/R20 4drpickup. 1987-89 V3=B(7),C V4=G V57=R23
7626 Chevrolet K20/V20 4x4 4drpickup, 1985-86 V3=B(?),C V4=G V57=K23
7626 Chevrolet K20/V20 4x4 4drpickup, 1987-89 V3=B(?).C V4=G V57=V23
7627 Chevrolet C30/R30 4 drpickup, 1985-86 V3=B(?),C V4=G,H V57=C33
7627 Chevrolet C30/R30 4 dr pickup, 1987-91 V3=B(7),C V4=G.H V57=R33
7628 Chevrolet K30/V30 4 dr pickup, 1985-86 V3=B(?).C V4=H V57=K33
7628 Chevrolet K30/V30 4 drpickup, 1987-91 V3=B(?),C V4=H V57=V33
7725 GMC C25/R25 4 drpickup, 1985-86 V3=D(?),T V4=G V57=C23
7725 GMC C25/R25 4 drpickup, 1987-89 V3=D(7),T V4=G V57=R23
7726 GMC K25ATC5 4x44 dr pickup, 1985-86 V3=D(?),T V4=G V57=K23
7726 GMC K25/V25 4x44 drpickup, 1987-89 V3=D(7),T V4=G V57=V23
7727 GMC C35/R35 4 drpickup, 1985-86 V3=D(?),T V4=G,H V57=C33
7727 GMC C35/R35 4 drpickup. 1987-91 V3=D(?).T V4=G,H V57=R33
7728GMC K35/V35 4x4 4 dr pickup. 1985-86 V3=D(?).T V4=H V57=K33
7728 GMC K35/V35 4x44 drpickup, 1987-91 V3=D(?),T V4=H V57=V33

Lighttruck group 7613
GM SfTpickup 108.3/117.9,1988-93
Compact pickuptruck
Wheelbase 108.3 (short bed) or 117.9 Gongbed)
7601 Chevrolet S10 pickup. 1988-93 Vl=l V3=C V4=B-D V57=S14
7602Chevrolet T10 4x4 pickup. 1988-93 Vl=l V3=C V4=B-D V57=T14
7701 GMCSI 5/Sonoma pickup, 1988-93 Vl=l V3=T V4=B-D V57=S14
7702GMC T15/Sonoma4x4 pickup, 1988-93 Vl=l V3=T V4=B-D V57=T14

Lighttruck group7614
GM S/T Maxicab pickup, 1988-93
Compactpickup truck
Wheelbase 122.9

7629Chevrolet S10Maxicab pickup, 1988-93 Vl=l V3=C V4=B-D V57=S19
7630 Chevrolet T104x4Maxicab pickup, 1988-93 Vl=l V3=C V4=B-D V57=T19
7729 GMC S15/Sonoma Maxicab pickup, 1988-93 Vl=l V3=T V4=B-D V57=S19
7730GMC T15/Sonoma 4x4 Maxicab pickup. 1988-93 Vl=l V3=T V4=B-D V57=T19

Light truck group7615
GM C/K1500 pickup 117.5/131.5.1988-93
FuU-sized pickup truck
Wheelbase 117.5(shortbed) or 131.5 Gongbed)
7631 Chevrolet C10pickup, 1988-93 V3=C V4=D-E V57=C14
7632 Chevrolet K10 4x4 pickup, 1988-93 V3=C V4=D-E V57=K14
7731 GMC Sierra C1500 pickup, 1988-93 V3=T V4=D-E V57=C14
7732 GMC Sierra K1500 4x4 pickup, 1988-93 V3=T V4«=D-E V57=K14
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Light truck group 7616
GMC/K 2500/3500 pickup 131.5,1988-93
Full-sized pickup truck

^CnTvroltaOpickup. 1988-93 V3=BC?)C V4=F-G VS7-C24
7634ChevroletK204x4pickup.1988.93 V3=B(7XC V4=F-GV57-K24
7635 Chevrolet C30 pickup. 1988-93 V3=B(7)C V4=G-H V57-C34
7636 Chevrolet K30 4x4 pickup. 1988-93 V3=B(?).C V4=G-H V57-K34
7733 GMrSerraC2500picloip. 1988-93 V3=D(?).T V4=F-G V57=C24
7734GMCSierraK25004x4pickup. 1988-93 V3=D(?)J V4-F-CV57=K24
7735 GMC Sierra C3500 pickup. 1988-93 V3=D(?).T V4=G-H V57-C34
7736GMC SiSaKSSOO4x4pickup. 1988-93 V3=D(?).T V4=G-H V57=K34

Light truck group 7617
GM C/K extended-cab pickup 155.5,1988-93
FuU-sized pickup truck

T^fche^rolftClO x-cab pickup. 1988-90^oV3=C V4=D-F V57=C19
7638 Chevrolet K10 4x4 x-cab pickup. 1988-90 V3=C V4=E-F V57-K19
7639 Chevrolet C20 x-cab pickup. 1988-90 V3=B(?).C V4=F-G V57=C29SSevroletK204x4x^abpickup. 1988-90 V3=B(?)£ V«-OW«9
7641 Chevrolet C30 x-cab pickup. 1988-93 V3=B(7).C V4=G-H V57-C39
7642ChevroletK304x4x-cabpickup. 1988-93 V3=B(7)C V4=G-HV57=K39
7737 GMC Sierra C1500 x-cab pickup. 1988-90 V3=T V4=D-F V57=C19
7738 GMC SierraKlSOO 4x4 x-cab pickup. 1988-90 V3=T V4-W' VSWU9
7739 GMC Sierra C2500 x-cab pickup. 1988-90 V3=D(?),T V4=F-G V57-C29
7740GMCSierraK25004x4x-cab, 1988-90 V3=D(?),T V4=F-G V57=K29
7741 GMC Sierra C3500 x-cab pickup. 1988-93 V3=D(7).T• V4-JH V57=C39
7742 GMC Sierra K3500 4x4 x-cab. 1988-93 V3=D(?).T V4=G-H V57=K39
Onall models. Vl=2 in88-92. Vl=l,2 in93

Light truck group 7618
GM extendedvan 146,1990-93
FuU-sized van

7^0 cSvroktGSO Chevy Van extended, 1990-93 V3=B(7)C: V4=G-H1 V57=G39
7651 ChevroletG30Sportvanextended. 1990-93 V3=A(7),N V4-0-1VV57=G39
7750 GMC 3500 Vandure extended. 1990-93 V3=D(?).T V4=G-H VS7-G89
7751 GMC 3500 RaUy extended, 1990-93 V3=0(7)J(7)JC V4=G-H V57=G39

Light truck group 7619
GM LuminaAPV, 1990-93
Compact van

T^TSetLuminaAPV. 1990-93 Vl=l V3=N V4=C-D' V57=U06
7667 Chevrolet APV Cargo Van, 1992-93 Vl=l V3=B(?),C V4=D V57-U05
7801 OldsmobUe Silhouette. 1990-93 Vl=l V3=H[ V4-C-E» V57-U06
7901 Pontiac Trans Sport, 1990-93 Vl=l V3=M V4=C-D V57=U06
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Light truckgroup 7620
GMC/Kextended-cab pickup 141.5/155.5,1991-93
Full-sized pickuptruck
Wheelbase 141.5 (short bed)or 155.5 Gong bed)
7653 Chevrolet CIO x-cab pickup. 1991-93 V3=C V4=D-F V57=C19
7654 Chevrolet K10 4x4x-cab pickup. 1991-93 V3=C V4=E-F V57=K19
7655 Chevrolet C20 x-cab pickup. 1991-93 V3=B(?).C V4=F-G V57=C29
7656 Chevrolet K20 4x4 x-cab pickup, 1991-93 V3=B(7).C V4=F-G V57=K29
7753 GMC Sierra C1500 x-cab pickup, 1991-93 V3=T V4=D-F V57=C19
7754 GMC Sierra K1500 4x4 x-cab pickup, 1991-93 V3=T V4=E-F V57=K19
7755 GMC Sierra C2500 x-cab pickup, 1991-93 V3=D(?),T V4=F-G V57=C29
7756GMC Sierra K25004x4 x-cab. 1991-93 V3=D(?).T V4=F-G V57=K29
On allmodels, Vl=2 in 91-92, V1=U in 93

Lighttruckgroup 7621
GM S Blazer/Jimmy 4dr 107.0.1991-93
Compact SUV
Wheelbase 107.0
7657 Chevrolet S10 Blazer4dr, 1991-93 Vl=l V3=N V4=C V57=S13
7658 Chevrolet S10 4x4 Blazer4dr. 1991-93 Vl=l V3=N V4=D V57=T13
7757 GMC S15Jimmy 4dr. 1991-93 Vl=l V3=K V4=C V57=S13
7758 GMC S15 4x4Jimmy 4dr. 1991-93 Vl=l V3=K V4=D V57=T13
7802 OldsmobUeBravada 4x4,1991-93 Vl=l V3=H V4=D V57=T13

Lighttruckgroup 7622
GM C/K3500CrewCabpickup 168.5,1992-93
FuU-sized pickup truck
Wheelbase 168.5
7660 Chevrolet C30Crew Cab pickup, 1992-93 V3=B(7),C V4=G-H V57=C33
7661 Chevrolet K30 4x4Crew Cab pickup, 1992-93 V3=B(?),C V4=G-H V57=K33
7760 GMC Sierra C3500 Crew Cab pickup, 1992-93 V3=D(?),T V4=G-H V57=C33
7761 GMC Sierra K3500 4x4 CrewCab. 1992-93 V3=D(?).T V4=G-H V57=K33

Light truck group7623
GM K Blazer/Yukon 111.5,1992-93
Full-sized SUV
Wheelbase 111.5
7662 Chevrolet Kl 500 4x4 Blazer. 1992-93 Vl=l V3=N V4=E-F V57=K18
7762 GMC 4x4 Yukon, 1992-93 Vl=l V3=K V4=E-F V57=K18

Lighttruck group 7624
GM C/K1500 Suburban 131.5.1992-93
Full-sized SUV

Wheelbase 131.5
7663 ChevroletC1500 Suburban, 1992-93 Vl=l V3=N V4=E-F V57=C16
7664 Chevrolet K1500 4x4 Suburban, 1992-93 Vl=l V3=N V4=F V57=K16
7763 GMC C1500 Suburban,1992-93 Vl=l V3=K V4=E-F V57=C16
7764 GMC K1500 4x4 Suburban, 1992-93 Vl=l V3=K V4=F V57=K16
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Light truckgroup 7625
GM C/K 2500 Suburban 131.5.1992-93
FuU-sized SUV
Wheelbase 131.5
7665 Chevrolet C2500-Suburban, 1992-93 Vl=l V3=N V4=G V57=C26
7666Chevrolet K2500 4x4 Suburban. 1992-93 Vl=l V3=N V4=G V57=K26
7765 GMCC2500Suburban, 1992-93 Vl=l V3=K V4=G V57=C26
7766GMC K2500 4x4Suburban. 1992-93 Vl=l V3=K V4=G V57=K26

VolkswagenLight Truck Groups

Light truckgroup 8001
VWVanagon, 1985-91
Compactvan
Wheelbase 96.9
8001 VW Vanagon, 1985-91 V4=Y V78=25
8002 VW Camper. 1985-91 V4=Z V78=25

Nissan light Truck Groups

Lighttruckgroup8101
Nissan pickup101.4,1985-86
Compact pickup truck
Wheelbase 101.4
8101 Nissan standard-bed pickup, 1985-86 V57=D01 V8=S
8102 Nissan standard-bed 4x4pickup, 1985-86 V57=D01 V8=Y

Lighttruck group8102
Nissan pickup 110.8,1985-86
Compact pickuptruck
Wheelbase 110.8
8103 Nissan long-bed pickup, 1985-86 V57=D02 V8=S
8104 Nissan King Cabpickup, 1985-86 V57=D06 V8=S
8105 Nissan long-bed 4x4pickup, 1985-86 V57=D02 V8=Y
8106 Nissan King Cab4x4pickup, 1985-86 V57=D06 V8=Y

Light truckgroup8103
Nissan pickup104.3,1986-93
Compact pickup truck
Wheelbase 104.3
8107 Nissan standard-bed pickup, 1986-93 V3=6 V57=D11 V8=S,H
8108 Nissan standard-bed 4x4pickup, 1986-93 V3=6 V57=D11 V8=Y
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Lighttruck group8104
Nissan pickup 116.1,1986-93
Compact pickuptruck
Wheelbase 116.1
8109 Nissan long-bed pickup, 1986-93 V3=6 V57=D12 V8=S,H
8110 Nissan King Cab pickup, 1986-93 V3=6 V57=D16 V8=S,H
8111 Nissan long-bed 4x4 pickup, 1986-93 V3=6 V57=D12 V8=Y
8112 Nissan King Cab 4x4 pickup. 1986-93 V3=6 V57=D16 V8=Y

Light truck group 8105
Nissan Pathfinder. 1987-93
Compact SUV
Wheelbase 104.3
8113Nissan Pathfinder 2dr4x4,1987-90 V3=8 V57=D14J316 V8=Y
8113 NissanPathfinder 2dr 4x4,1987-89 V3=6 V57=D14 V8=Y
8115Nissan Pathfinder 2dr. 1989-90 V3=8 V57=D14,D16 V8=S
8116Nissan Pathfinder 4dr. 1990-93 V3=8 V57=D17 V8=S
8117 NissanPathfinder 4dr 4x4,1990-93 V3=8 V57=D17 V8=Y

Light truckgroup8106
Nissan van. 1987-90
Compact van
Wheelbase 92.5
8114 Nissanvan. 1987-90 V3=8 V57=C26 V8=S

Lighttruck group8107
Nissan Quest, 1993
Compact van
Wheelbase 112.2

8118 NissanQuest, 1993 V13=4N2 V57=N11

Isuzu light Truck Groups

Light truck group 8201
Isuzu P1JP 104.3,1985-87
Compact pickuptruck
Wheelbase 104.3
8201 Isuzu P0JP standard bed. 1985-87 V3=A V4=B V57=L14
8202 Isuzu 4x4 P0JP standard bed, 1985-87 V3=A V4=B V57=R14

Lighttruck group8202
Isuzu POJP 117.9,1985-87
Compact pickuptruck
Wheelbase 117.9
8203 Isuzu POJP longbed, 1985-87 V3=A V4=C V57=L14
8204Isuzu 4x4P*UP longbed, 1985-87 V3=A V4=C V57=R14
8206 Isuzu P"UP Space Cab. 1986-87 V3=A V4=C V57=L16
8207 Isuzu 4x4?VP Space Cab, 1986-87 V3=A V4=C V57=R16
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Lighttruckgroup 8203
Isuzu Trooper D 104.3,1985-91
Compact SUV
Wheelbase 104.3
8205 Isuzu Trooper H4x4,1985-88 V3=A V4=C V57=H15,H18
8205 Isuzu Trooper D4x4,1985-91 V3=C V4=C V57=H55,H58
8205 Isuzu Trooper H4x4,1987-91 V13=LES V4=C V57=H55,H58

Light truck group 8204
Isuzu Pro105.6.1988-93
Compact pickup truck
Wheelbase 105.6
8208 Isuzu PUP standard bed, 1988-93 V3=A V4=C V57=L11
8208 Isuzu PTJP standard bed, 1990-93 V13=4S1 V4=C V57=L11
8209Isuzu4x4 PTJP standard bed, 1988-93 V3=A V4=C V57=R11
8209Isuzu4x4 PUP standard bed, 1991-93 V13=4S1 V4=C V57=R11

Light truckgroup 8205
Isuzu PUP 119.2,1988-93
Compact pickup truck
Wheelbase 119.2
8210 Isuzu PUPlong bed, 1988-93 V3=A V4=C V57=L14
8210 Isuzu PUP long bed, 1992-93 V13=4S1 V4=C V57=L14
8211 Isuzu 4x4PUP long bed. 1988-93 V3=A V4=C V57=R14
8211 Isuzu 4x4PUP long bed. 1992-93 V13=4S1 V4=C V57=R14
8212 Isuzu PUP Space Cab. 1988-93 V3=A V4=C V57=L16
8212 Isuzu PUP Space Cab. 1992-93 V13=4S1 V4=C V57=L16
8213 Isuzu 4x4PUP Space Cab. 1988-93 V3=A V4=C V57=R16
8213 Isuzu 4x4 PUP Space Cab, 1992-93 V13=4S1 V4=C V57=R16
8214 Isuzu 1-ton PUPlong bed, 1988-93 V3=A V4=C-E V57=L34
8214 Isuzu 1-ton PUP long bed. 1992-93 V13=4S1 V4=C-E V57=L34

Light truckgroup 8206
IsuzuAmigo, 1989-93
Compact SUV
Wheelbase 91.7

8215 Isuzu Amigo, 1989-91 V3=A V4=B,C V57=L01
8215 Isuzu Amigo, 1992-93 V3=C V4=B,C V57=G07
8216IsuzuAmigo4x4,1989-91 V3=A V4=B,C V57=R01
8216 Isuzu Amigo 4x4,1992-93 V3=C V4=B,C V57=Y07

Lighttruckgroup 8207
IsuzuTrooperII 90.6.1989-90
Compact SUV
Wheelbase 90.6
8217 Isuzu Trooper II2dr4x4.1989-90 V3=C V4=C V57=H57

Light truckgroup 8208
Isuzu Rodeo, 1991-93
Compact SUV
Wheelbase 108.7
8218IsuzuRodeo, 1991-93 V13=4S2 V4=C V57=G58
8219 Isuzu Rodeo 4x4,1991-93 V13=4S2 V4=C V57=Y58
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Light truck group 8209
Isuzu Trooper 4dr108.7.1992-93
Compact SUV
Wheelbase 108.7
8220 Isuzu Trooper 4dr 4x4.1992-93 V3=C V4=D V57=H58

Light truck group 8210
Isuzu Trooper 2dr91.7,1993
Compact SUV
Wheelbase 91.7
8221 Isuzu Trooper 2dr 4x4.1993 V3=C V57=H57

Mazda Light Truck Groups

Light truck group 8301
Mazda pickup 108.7.1986-93
Compact pickup truck
Wheelbase 108.7(109.3with 4x4)
8301 Mazda B2000/2200/2600 pickup short bed, 1986-93 V35=2UF V6=l
8304 Mazda B2000/2200/2600 4x4 pickup short bed, 1987-93 V35=2UF V6=4

Light truck group 8302
Mazda pickup 117.5,1986-93
Compact pickup truck
Wheelbase 117.5(118.1 with 4x4)
8302 Mazda B2000/2200/2600 pickup long bed, 1986-93 V35=2UF V6=2
8303 Mazda B2000/2200/2600 pickup "cab plus", 1986-93 V35=2UF V6=3
8305 Mazda B2000/2200/2600 4x4 pickup long bed, 1987-93 V35=2UF V6=5
8306 Mazda B2000/2200/2600 4x4 pickup "cab plus". 1987-93 V35=2UF V6=6

Light truckgroup 8303
Mazda MPV. 1989-93
Compact van
Wheelbase 110.4
8307 Mazda MPV cargo van. 1989-93 V35=2LV V68=621
8308 Mazda MPV wagon, 1989-93 V35=3LV V68=521,522
8309 Mazda MPV 4x4 wagon, 1989-93 V35=3LV V68=523

Subaru light Truck Groups

Light truckgroup 8401
Subaru Brat, 1985-87
Pickup car
Wheelbase 96.3
8401 SubaruBrat 4x4,1985 V35=2AT
8401 Subaru Brat4x4,1986-87 V35=3AU
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Toyota Light Truck Groups

Light truck group 8501
Toyota pickup 103,1985-93
Compact pickup truck
Wheelbase 103.0 (103.3 with 4x4)
8501 Toyota pickup short bed. 1985-88 V3=4 V5=N V6=5 V7=0
8501 Toyota pickup short bed, 1989-93 V3=4 V57=N81
8501 Toyota pickup short bed, 1992-93 V13=4TA V57=N81
8502 Toyota 4x4 pickup short bed, 1985 V3=4 V5=N V6=6 V7=0
8502 Toyota 4x4 pickup short bed, 1986-88 V3=4 V5=N V6=6 V7=3
8502 Toyota 4x4 pickup short bed, 1989-93 V3=4 V57=N01
8502 Toyota 4x4 pickup short bed, 1992-93 V13=4TA V57=N01

Light truck group 8502
Toyota pickup 112.2,1985-93
Compact pickup truck
Wheelbase 112.2
8503 Toyota pickup long bed, 1985-88 V3=4 V5=N V6=5 V7=5
8503 Toyota pickup long bed, 1989-93 V3=4 V57=N82
8504 Toyota 4x4 pickup long bed, 1985 V3=4 V5=N V6=6 V7=5
8504 Toyota 4x4 pickup long bed, 1986-88 V3=4 V5=N V6=6 V7=4
8504 Toyota 4x4 pickup long bed, 1989-93 V3=4 V57=N02
8505 Toyota Xtracab pickup, 1985-88 V3=4 V5=N V6=5 V7=6
8505 Toyota Xtracab pickup, 1985 V3=4 V5=N V6=5 V7=9
8506 Toyota 4x4 Xtracab pickup. 1985 V3=4 V5=N V6=6 V7=6
8506 Toyota 4x4 Xtracab pickup, 1986-88 V3=4 V5=N V6=6 V7=7

Light truck group 8503
Toyota 4Runner, 1985-93
Compact SUV
Wheelbase 103.0
8507 Toyota 4Runner 4x4,1985-89 V3=3 V5=N V6=6
8507 Toyota 4Runner 4x4,1985 V3=4 V5=N V6=6 V7=l
8507 Toyota 4Runner 4x4,1986-89 V3=4 V5=N V6=6 V7=2
8507 Toyota 4Runner 4x4,1990-93 V3=3 V5=N V6=3
8515 Toyota 4Runner, 1990-93 V3=3 V5=N V6=2

Light truck group 8504
Toyota van88.0,1985-89
Compact van
Wheelbase 88.0
8508 Toyota passenger van, 1985-89 V3=3 V5=R V6=2
8509 Toyota cargo van, 1985-89 V3=4 V5=R V6=2 V7=7-9
8512 Toyota passenger 4x4 van, 1987-89 V3=3 V5=R V6=3
8513 Toyota cargo 4x4 van, 1987-89 V3=4 V5=R V6=3 V7=4

Light truckgroup 8505
Toyota Land Cruiser 107.5,1985-90
FuU-sized SUV
Wheelbase 107.5
8510 Toyota Land Cruiser 4x4.1985-87 V3=3 V5=J V6=6 V7=0
8510 Toyota Land Cruiser 4x4.1986-87 V3=4 V5=J V6=6 V7=0
8510 Toyota Land Cruiser 4x4,1988-90 V3=3 V5=J V6=6 V7=2
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Light truck group 8506
Toyota pickup 121.5.1986-93
Compact pickup truck
Wheelbase 121.5 (121.9 with 4x4)
8511 Toyotopickup Xtracab longbed, 1986-88 V3=4 V5=N V6=7 V7=0
8511 Toyota pickup Xtracab long bed, 1989-93 V3=4 V57=N93
8514 Toyota 4x4 pickup Xtracab long bed, 1989-93 V3=4 V57=N13
8514 Toyota 4x4 pickup Xtracab long bed, 1992-93 V13=4TA V57=N13

Light truck group 8507
Toyota Land Cruiser 112.2,1991-93
FuU-sized SUV

Wheelbase 112.2
8516 ToyotaLandCruiser4x4,1991-92 V3=3 V5=J V6=8 V7=0
8516 Toyota Land Cruiser 4x4,1993 V3=3 V5=J V6=8 V7=l

Light truck group 8508
Toyota Previa, 1991-93
Compact van
Wheelbase 112.8
8517 Toyota Previa, 1991-93 V3=3 V5=C V6=l V7=l,2
8518 Toyota Previa 4x4,1991-93 V3=3 V5=C V6=2 V7=l,2

Light truckgroup 8509
Toyota T100pickup, 1993
Full-sized pickuptruck
Wheelbase 121.8
8519 Toyota T100 pickup, 1993 V3=4 V57=D10 V8NEB
8520 Toyota T100 1-ton pickup, 1993 V3=4 V57=D10 V8=B
8521 Toyota T100 4x4 pickup, 1993 V3=4 V57=D20

Mitsubishi Light Truck Groups

Light truckgroup 8601
Mitsubishi Mighty Maxpickup 109,1985-86
Compact pickup truck
Wheelbase 109.4 (109.8 with 4x4)
7121 Dodge Ram-50 pickup, 1985-86 V3=7 V5=P V7=4
7122 Dodge Ram-50 4x4 pickup, 1985-86 V3=7 V5=K V7=4
8601 Mitsubishi Mighty Max, 1985-86 V3=7 V5=P V7=4
8602 Mitsubishi Mighty Max 4x4,1985-86 V3=7 V5=K V7=4

Light truckgroup 8602
Mitsubishi Montero 2dr 92.5,1985-91
CompactSUV
Wheelbase 92.5
7123 Dodge Raider 2dr 4x4,1987-90 V1=J V3=4,7 V5=J V7=2,3
8603 Mitsubishi Montero2dr 4x4,1985-91 V3=4,7 V5=J V7=2,3
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Light truck group 8603
Mitsubishi Mighty Max pickup 105.1987-93
Compact pickup truck
Wheelbase 105.1 (105.5 with 4x4)^SSeRam-SOpickup, 1987-92 V1=J V3=7 V5=L V7=4
7124 Dodge Ram-50 pickup. 1993 V1=J V3=7 V5=S V7-1725Sd|eRam-504x4ptekup. 1987-92 V1=J V3=7V5=M V7=4
725DSleRam-504x45ickup.l993 V1=J V3=7 V5=T V7-1
8604MitsubishiMightyMax. 1987-92 V3=7V5=L V7=4
8604 Mitsubishi Mighty Max. 1993 V3=7 V5=S V7=l
8605 Mitsubishi Mighty Max 4X4.1987-92V3-7V5=M V7=4
8605 Mitsubishi Mighty Max 4x4.1993 V3=7 V5=T V7-1

Light truck group 8604
Mitsubishi Mighty Max pickup 116.1987-93
Compact pickup truck
Wheelbase 116.1 (116.5 with4x4)
7126DodgeRam-SOpickuplongbed, 1987-92 V3=7V5=L V7=9
7 26 Dodge Ram-50 pickup longbed. 1993 V3=7 V5=S V7=27,27 D^geRam-SoLTpTckuplongbed. ,987-92 V3=7V5=M V7=9
7127 Dodge Ram-50 4x4 pickup long bed. 1993 V3=7 V5=T V7-2^S^eRam-SOpickupextendedcab. J987-92 V3=7 V5=L V7=5
7128DodgeRam-50pickupextendedcab.l993 V3=7 V5-S V7=3
729Dod|eR^.5oUpidcupextendedcab. 1987-92 V3=7 V5=M V7=5729Do1IeRm-504x4pickupexUmdedcab.l993 V3=7 V5=T^7=3
SoSMitJubishiMightyMaxlongbed, 1987-92 V3=7V5=L V7=9
8606 Mitsubishi Mighty Max long bed, 1993 V3=7 V5=S V7=2
8607 Mitsubishi Mighty Max 4x4 long bed. 1987-92 V3=J V5=M V7=9
8607 Mitsubishi Mighty Max 4x4 long bed, 1993 V3=7^ V5=T'V7-2
8608 Mitsubishi Mighty Max extended cab. 1987-92 V3=7V5-LV7=5
8608MitsubishiMightyMaxextendedcab.l993 V3=7^V5=SI V7=3
8609 Mitsubishi Mighty Max 4x4extended cab. 1987-92 V3=J V5=M_V7-5
8609 Mitsubishi Mighty Max 4x4 extended cab, 1993 V3=7 V5=T V7-J

Light truck group 8605
Mitsubishi wagon/van. 1987-90
Compact van
Wheelbase 88.0
8610 Mitsubishi van. 1987-90 V3=7 V5=N V7=3
8611 Mitsubishi wagon, 1987-90 V3=4 V5=N V7=l,4

Light truck group 8606
Mitsubishi Montero 4dr 106.1,1989-91
Compact SUV
Wheelbase 106.1 _
8612 Mitsubishi Montero 4dr 4x4,1989-91 V3=4 V5=J V7=l

Light truck group 8607
Mitsubishi Montero 4dr 107.3,1992-93
Compact SUV
Wheelbase 107.3
8613MitsubishiMontero4dr4x4.1992 V3=4 V5=K V7-
8613 Mitsubishi Montero 4dr 4x4.1993 V3=4 V5=R V7=l
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Suzuki light Truck Groups

Light truck group 8701
Suzuki Samurai, 1985-93
Compact SUV
Wheelbase 79.9
8701 Suzuki Samurai 4x4.1985-93 V3=3.4 V4=J V5=A(?),C
8706Suzuki Samurai, 1991-93 V3=3.4 V4=J V5=D

Light truckgroup 8702
Suzuki Sidekick 2dr 86.6,1989-93
Compact SUV
Wheelbase 86.6
7643 Chevrolet Geo Tracker 4x4,1989 V13=JGC V4=B V57=J18
7643 Chevrolet Geo Tracker 4x4,1990-93 V13=2CN V4=B V57=J18
7659 Chevrolet Geo Tracker, 1991-93 V13=2CN V4=B V57=E18
8702 Suzuki Sidekick 2dr, 1989-93 V3=3,4 V45=TC
8703Suzuki Sidekick 2dr4x4,1989-93 V3=3,4 V45=TA

Light truckgroup 8703
Suzuki Sidekick 4dr 97.6,1991-93
Compact SUV
Wheelbase 97.6
8704Suzuki Sidekick 4dr, 1991-93 V3=3.4 V45=TE
8705Suzuki Sidekick 4dr4x4.1991-93 V3=3.4 V45=TD

Daihatsu Light Truck Groups

Light truckgroup 8801
DaihatsuRocky,1990-92
Compact SUV
Wheelbase 85.6
8801 Daihatsu Rocky, 1990-92 V3=2 V56=F3
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APPENDLXD

CURB WEIGHT, TRACK WIDTH AND WHEELBASE OF PASSENGER CARS

CG = fundamental cargroup (see Appendix B)

MM2 = make-model code (see Appendix B)

BODYTYP - body style

WT85 = curb weight (pounds) inmodel year 1985. Source: Polk's National Vehicle
Population Profile, edited for consistency from year to year and across related
make-models

WHLBAS = wheelbase (inches). Source: Automotive News Market Data Books

TRACK = track width (inches). Source: Automotive News Market Data Books
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Make-Model Name OS MM2 BCOYIP
WI85 WI86 WIB7 WIB8 WIB9 WT90 WT91 WT92 WT93 WHL3AS TRACK

HC EAGLE HI
WC EM3LE HI

109 4-DOOR 3385 3382 3372
109 STA WAGN 3419 3418 3399 3502

CHRY 5TH AV RWD 614 610
DODGE DIPLOMAT 614 707
PLYM GRAN TORY 614 904
DODGE OMNI 4DR 615 708
PLYM HORIZON 4DR 615 908
DODGE CMOT 2DR 616 708
PLXM HORIZON 2DR 616 908
CHRY LEBARON 618 616
CHRY LEBARON 618 616
CHRY IJSBARON 618 616
CHRY IJsBARON 618 616
DODGE ARIES 618 711
DODGE ARIES 618 711
DODGE ARIES 618 711
DODGE 600 2DR 618 714
DODGE 600 2DR 618 714
PI2M RELIANT 618 911
PLYM RELIANT 618 911
PLYM RELIANT 618 911
CHRY E-CLASS/NY 619 614
CHRY LEBARON GTS 619 616
DODGE 600 4DR 619 714
DODGE LANCER 619 716
PLYM CARAVELLE 619 907
CHRY LASER 620 615
DODGE DAYTONA 620 715
DODGE SHADOW 620 717
DODGE SHADOW 620 717
DODGE SHADOW 620 717
PLYM SUNDANCE 620 917
FLXM SUNDANCE 620 917
CHRY NY C 621 618
DODGE DYNASTY 621 718
CHRY LEBARON 90-93 622 616
DODGE SPIRIT 622 719
PLYM ACCLAIM 622 919
CHRY 5TH AVE FWD 623 620
DODGE VIPER 624 713
CHRY CONCORDE 625 641
DODGE INTREPID 625 741
EAGLE VISION 625 1041

3743 3759 3770

3601 3631 3615

3571 3576 3586
2240 2259 2296 2299
2240 2259 2299 2299

2319

2303

2786 2867 2937 3158 3025 3187 2976
2642 2773 2822 2959 2883 3042 2861
2628 2767

2748 2748

2423 2440 2458

2431 2459 2471

2524 2564

3744

3596

3561

2221

2213

2316

2292

2666

2563

2585

2740

2450

2453

2552

2627

2564

2449

2453

2547

2746

2668

2613

2686

2609

2657

2628

4-DOCR 3750
4-DOOR 3592

4-DOOR 3561

4-DOOR 2224

4-DOOR 2214

2-DOOR 2311

2-DOOR 2287

CONVRTBL 2662

2-DCCR 2547

4-DOOR 2576

STA HAGN 2742

2-DOOR 2406

4-DOOR 2418

STA WAGN 2533

CONVRTBL 2628

2-DOOR 2545

2-DOOR 2405

4-DOCR 2419

STA WAGN 2532

4-DOOR 2781

4-DOOR 2665

4-DOOR 2609

4-DOCR 2677

4-DOOR 2603

2-DOOR

2-DOOR

CONVRTBL

2-DOOR

4-DOCR

2-DOOR

4-DOOR

4-DOOR

4-DOOR

4-DOCR

4-DOCR

4-DOOR

4-DOOR

CONVRTBL

4-DOOR

4-DOOR

4-DOOR

2657

2643

2421 2440 2457

2406 2441 2472

2521 2573

2748 2826

2681 2754 2810

2612 2626

2688 2720 2757

2607 2627

• • •

2747 2732 2857 2874

2529 2538

2553 2545

2525 2532

2553 2545

3255

3002

2624

2655

2630

2666

3273

3080

2822

2803

2625

2661

2630

2667

3279

3102

3064

2854

2858

3482

1226 1206 4-DOCR 3012 3001

1226 1206 STA WAGN 3107 3108

1226 1406 4-DOOR 3000 3007

1226 1406 STA WAGN 3115 3112

1227 1203 CONVRTBL

2840

2888

2629

2640

2623

2665

3286

3121

3038

2848

2844

3430

2851

2924

2651

2675

2663

2674

3273

3090

2962

2808

2815

3393

3476

109.3

109.3

112.7

112.7

112.7

99.2

99.2

96.7

96.7

100.3

100.3

100.3

100.3

100.3

100.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.0

.02810

2884

2644

2638

2626

2630

3231

3027

2952

2784

2782

3345

3476

33B9

3306

3354

100.

100.

100.

100.

100.

100.

103.

103.

103.

103.

103.

97.

97.

97.0

97.0

97.0

97.0

97.0

104.3

104.3

103.3

103.3

103.3

109.5

96.2

113.0

113.0

113.0

. 105.6

. 105.6

. 105.6

. 105.6

3085 3184 3207 3196 3273 3278 3129 100.5

58.6

58.6

59.8

59.8

59.8

55.9

55.9

56.0

56.0

57.3

57.3

57.3

57.3

57.3

57.3

57.3

57.

57.

57.

57.

57.

57.

57.4

57.3

57.4

57.4

57.4

57.4

57.4

57.4

57.4

57.4

57.4

57.6

57.6

57.4

57.4

57.4

57.6

60.1

62.0

62.0

62.0

56.8

56.8

56.8

56.8

56.8

56.8

56.8

.3

.3

.3

.3

.3

.3

FORD LTD

FORD LTD

MERC MARQUIS

MERC MARQUIS

FORD MUSTANG

FORD MUSTANG 1227 1203
MERC CAPRI U.S. 1227 1403

2-DCOR 2719 2771 2873 2958 2949 3004 3045 3131 2950
2-DOOR 2869 2906 .

100.5

100.5

240



Make-Model Name CG MM2 BODYTP WT85 WT86 WT87 WT88 WT89 WT90 WT91 WT92 WT93 WHLBAS TRACK

FORD CROWN VIC 1228 1216 2-DOOR 3699 3708 3733 114.3 62.1

FORD CROWN VIC 1228 1216 4-DOOR 3746 3748 3761 3813 3762 3823 3B32 3764 3796 114.3 62.1

FORD CROWN VIC 1228 1216 STA WAGN 3904 4038 3938 4023 3935 4015 4060 114.3 62.1

MERC GRAND MARQUIS 1228 1416 2-DOCR 3758 3782 3764 114.3 62.1

MERC GRAND MARQUIS 1228 1416 4-DOCR 3800 3818 3800 3838 3854 3839 3807 3777 3803 114.3 62.1

MERC GRAND MARQUIS 1228 1416 STA WAGN 3967 3993 4002 4019 3935 3944 4016 114.3 62.1

LTNC TOWN CAR 1230 1301 4-DOOR 4027 4038 4076 4083 4054 4040 4042 4025 4045 117.3 62.1

FORD ESCORT -90 1231 1213 2-DOCR 2115 2188 2227 2262 2288 2335 94.2 55.4

FORD ESCORT -90 1231 1213 4-DOCR 2185 2212 2225 2302 2313 2355 94.2 55.4

FORD ESCORT -90 1231 1213 STA WAGN 2222 2244 2274 2312 2312 2411 94.2 55.4

FORD EXP 1231 1214 2-DOOR 2194 2336 2378 2348 94.2 55.4

MERC LYNX 1231 1413 2-DOCR 2121 2189 2242 94.2 55.4

MERC LYNX 1231 1413 4-DOCR 2192 2214 2268 94.2 55.4

MERC LYNX 1231 1413 STA WAGN 2225 2256 2277 94.2 55.4

LTNC MARK7 1232 1302 2-DOCR 3615 3684 3760 3776 3774 3798 3802 3779 108.5 58.7

LTNC CONTINTL -87 1232 1305 4-DOOR 3790 3778 3804 108.5 58.7

FORD T-BIRD -88 1233 1204 2-DOOR 3151 3099 3242 3321 104.0 58.3

MERC COUGAR -88 1233 1404 2-DOOR 3127 3117 3186 3310 104.0 58.3

FORD TEMPO 1234 1215 2-DOOR 2409 2355 2518 2547 2533 2531 2736 2538 2511 99.9 56.2

FORD TEMPO 1234 1215 4-DOCR 2468 2420 2559 2608 2602 2592 2637 2618 2572 99.9 56.2

MERC TOPAZ 1234 1415 2-DOOR 2433 2411 2498 2572 2558 2546 2546 2546 2540 99.9 56.2

MERC TOPAZ 1234 1415 4-DOOR 2488 2459 2584 2628 2619 2609 2608 2619 2605 99.9 56.2

FORD TAURUS 1235 1217 4-DOOR . 2948 3008 3054 3044 3102 3125 3131 3119 106.0 61.0

FORD TAURUS 1235 1217 STA WAGN 3180 3203 3237 3203 3263 3290 3282 3284 106.0 61.0

MERC SABLE 1235 1417 4-DOOR 3054 3097 3151 3138 3156 3192 3160 3152 106.0 61.0

MERC SABLE 1235 1417 STA WAGN 3228 3272 3262 3238 3288 3340 3312 3307 106.0 61.0

LTNC CONTINTL 88- 1236 1305 4-DOCR . 3634 3633 3634 3634 3627 3606 109.0 61.7

FDRD T-BIRD 89- 1237 1204 2-DOOR . 3609 3634 3607 3582 3566 113.0 60.9

LTNC MARKS 1237 1302 2-DOCR . 3741 113.0 60.9

MERC COUGAR 89- 1237 1404 2-DOCR . 3562 3620 3617 3606 3526 113.0 60.9

CHEV CHEVETTE 2DR 1838 2013 2-DOOR 2085 2080 2078 . . . . 94.3 51.2

PONT T1000 2DR 1838 2213 2-DOOR 2083 2114 2084 94.3 51.2

BUICK LESABRE RWD 1839 1802 2-DOOR 3778 115.9 61.2

BUICK LESABRE RWD 1839 1802 4-DOOR 3799 115.9 61.2

BUICK ROADMSTR 4DR 1839 1804 4-DOCR 4095 4105 115.9 61.2

CHEV CAPRICE SDN 1839 2002 2-DOOR 3607 3625 3593 115.9 61.2

CHEV CAPRICE SDN 1839 2002 4-DOOR 3617 3636 3624 3655 3735 3859 3942 3972 3789 115.9 61.2

OLDS DELTA 88 RWD 1839 2102 2-DOOR 3690 115.9 61.2

OLDS DELTA 88 RWD 1839 2102 4-DOCR 3748 115.9 61.2

PONT PARISIEN SDN 1839 2202 4-DOOR 3793 3662 115.9 61.2

BUICK ESTATE WAGON 1840 1802 STA WAGN 4239 4226 4222 4112 4246 4339 4415 115.9 63.1

BUICK ROADMSTR SW 1840 1804 STA WAGN 115.9 63.1

CHEV CAPRICE SW 1840 2002 STA WAGN 4177 4095 4122 4158 4192 4324 4354 4402 4213 115.9 63.1

OLDS COST CRUISER 1840 2102 STA WAGN 4108 4085 4049 4136 4221 4327 4435 4394 115.9 63.1

FONT SAFARI SW 1840 2202 STA WAGN 4060 4103 4191 4182 4208 .... 115.9 63.1

CADI FLTWD BROUGHM 1842 1903 2-DOOR 3t7o »••••••• 121.5 61.2

CADI FLTWD BROUGHM 1842 1903 4-DOOR 4027 4076 4073 4181 4283 4289 4275 4277 4418 121.5 61.2

CHEV CHEVETTE 4DR 1843 2013 4-DOOR 2146 2140 2137 97.3 51.2

FONT T1000 4DR 1843 2213 4-DOCR 2142 2173 2143 97.3 51.2

OLDS COTLS 4DR 85 1844 2101 4-DOOR 3278 108.1 58.2

PONT BCNNEVTL RWD 1844 2202 4-DOOR 3263 3218 108.1 58.2

241



Mate-Model Name CG MM2 BCDYTP WT85 WT86 WT87 WT88 WT89 WT90 WT91 WT92 WT93 WHLBAS TRACK

BUIC REGAL RWD

CHEV MONTE CARLO

OLDS CUTLASS RWD

ram CUTLASS RWD

PONT GRN PRIX RWD

BUICK RIVIERA 85

BUICK RIVIERA 85

CADI ELDORADO 85

CADI ELDORADO 85

CADI SEVILLE 85

OLDS TGRONADO 85

BUICK SKYLARK X

CHEV CITATION

CHEV CITATION

BUICK SKYHAWK J

BUICK SKYHAWK J

BUICK SKYHAWK J

CADI CIMARRON

CHEV CAVALIER

CHEV CAVALIER

CHEV CAVALIER

CHEV CAVALIER

firrifi FTRENZA

OLDS FTRENZA

OLDS FTRENZA

PONT SUNBTRD J

PONT SUNBTRD J

PONT SUNBTRD J

PONT SUNBIRD J

CHEV CAMARO

CHEV CAMARO

PONT FIREBIRD

PONT FIREBIRD

BUICK CENTURY FWD

BUICK CENTURY FWD

BUICK CENTURY FWD

CHEV CELEBRITY

CHEV CELEBRITY

CHEV CELEBRITY

OLDS CTERA

OLDS CD3RA

OLDS dERA

PONT 6000

PONT 6000

PONT 6000

CHEV CORVETTE

CHEV CORVETTE

BUICK LESABRE FWD

BUICK LESABRE FWD

BUICK ELECTRA FWD

BUICK ELECTRA FWD

CADI DEVTLLS FWD

1845 1810 2-DOOR

1845 2010 2-DOOR

1845 2101 2-DOQR

1845 2101 4-DOOR

1845 2210 2-DOOR

1846 1805 CONVRTBL 3977

1846 1805 2-DOOR 3851

1846 1905 CONVRTBL 3915

1846 1905 2-DOCR 3734

4-DOOR

2-DOOR

4-DOOR

2-DOOR

4-DOOR

2-DCOR

4-DOOR

1846 1914

1846 2105

1847 1815

1847 2015

1847 2015

1848 1816

1848 1816

1852 1802 2-DOCR

1852 1802 4-DOOR

1852 1803 2-DOOR

1852 1803 4-DOOR

1852 1903 2-DOCR

3190 3294 3257

3196 3228 3270 3258

3261 3320 3261 3203

. 3335 3279

3290 3310 3336

3803

3854

2605

2541

2547

2345 2345 2360 2349 2420

2396 2393 2399 2409 2469

1848 1816 STA WAGN 2470 2468 2478 2476 2551

1848 1916 4-DOCR 2610 2720 2667 2704

1848 2016 CONVRTBL 2511 2521 2610 2665 2729

1848 2016 2-DCOR 2332 2389 2451 2433 2466

1848 2016 4-DOCR 2347 2351 2356 2371 2423

1848 2016 STA WAGN 2415 2420 2413 2429 2500

1848 2116 2-DOOR 2405 2360 2363 2327

1848 2116 4-DOCR 2395 2410 2366 2381

1848 2116 STA WAGN 2465 2462 2440 2438

1848 2216 CONVRTBL 2542 2579 2581 2577 2737

1848 2216 2-DCOR 2327 2383 2384 2420 2393

1848 2216 4-DOOR 2380 2406 2376 2424 2405

1848 2216 STA WAGN 2448 2466 2418 2427

1849 2009 CONVRTBL . 3350 3499 3389

1849 2009 2-DOOR 3056 3132 3138 3147 3120

1849 2209 CONVRTBL

1849 2209 2-DOOR 3136 3185 3317 3240 3333

1850 1817 2-DCOR 2783 2755 2812 2794 2823

1850 1817 4-DOOR 2816 2791 2798 2823 2860

1850 1817 STA WAGN 3008 2979 3003 2998 3015

1850 2017 2-DOCR 2732 2731 2730 2770

1850 2017 4-DOCR 2757 2759 2750 2799 2801

1850 2017 STA WAGN 2904 2912 2904 2948 2956

1850 2117 2-DOOR 2787 2772 2743 2861 2820

1850 2117 4-DOOR 2817 2814 2747 2803 2846

1850 2117 STA WAGN 2992 2977° 2941 3035 3001
1850 2217 2-DCOR 2790 2786 2761

1850 2217 4-DOOR 2874 2860 2815 2813 2853

1850 2217 STA WAGN 2964 2995 2984 2974 3000

1851 2004 CONVRTBL . 3235 3299 3299 3263

1851 2004 2-DOOR 3216 3239 3229 3229 3223

. 3176 3213 3222 3250

. 3208 3244 3274 3282

3216 3289 3282 . 3337

3264 3329 3312 3346 3339

3326 3313 3225 3361 3476

242

. 108.1 58.2

, 108.1 58.2

, 108.1 58.2

. 108.1 56.2

•
108.1

114.0

58.2

59.7

. 114.0 59.7

• 114.0 60.0

. 114.0 60.0

. 114.0 60.0

, 114.0 59.7

, 104.9 57.9

• 104.9 57:9

• 104.9 57.9

•
101.2

101.2

55.3

55.3

. . 101.2 55.3

. , 101.2 55.3

. 2560 2821 2764 101.2 55.3

2506 2497 2534 2536 101.2 55.3

2491 2491 2623 2528 101.2 55.3

2602 2601 2567 2643 101.2 55.3

• • • • 101.2 55.3

• • • * 101.2 55.3

• • • • 101.2 55.3

2700 2683 2740 2713 101.2 55.3

2500 2508 2551 2546 101.2 55.3

2500 2505 2543 2543 101.2 55.3

• • • • 101.2 55.3

3380 3360 3324 3298 101.0 60.8

3217 3217 3204 3301 101.0 60.8

. 3377 3393 101.0 60.8

3221 3213 3203 3337 101.0 60.8

2940 2913 2952 2896 104.9 57.8

2947 2946 2946 2947 104.9 57.8

3154 3152 3135 3091 104.9 57.8

• • • • 104.9 57.9

• • • • 104.9 57.9

3135 104.9 57.9

2919 2920 104.9 57.8

2945 2948 3048 2919 104.9 57.8

3152 3094 3116 3116 104.9 57.8

• • • * 104.9 57.9

2867 2836 104.9 57.9

3148 3164 104.9 57.9

3301 3333 3375 3377 96.2 60.0

3289 3316 3332 3336 96.2 60.0

3254 3267 110.8 60.1

3285 3286 3431 3430 110.8 60.1

• a • • 110.8 60.1

3387 3597 3558 3565 110.8 60.1

34'U 352!3 35211 3519 110.8 60.1



Make-Model Name CG MM2 BODYTP WT85 WT86 WT87 WT88 WT69 WT90 WT91 WT92 WT93 WHLBAS TRACK

1903

2102

2102

2103

2103

2202

2205

1818

1818

2118

2118

2121

2121

2218

2218

1805

1905

1914

2105

2019

2019

1909

1821

1821

1820

1820

2020

2020

2120

2120

2120

2220

2220

1903

2402

2401

2403

1914

CADI DEVTLLE FWD 1852
rajvi DELTA 88 FWD 1852

ram DELTA 88 FWD 1852

OLDS 98 FWD 1852
ram 98 FWD 1852

PONT BONNEVTL FWD 1852
PONT FIERO 1853
BUICK SKYLARK N 1854
BUICK SKYLARK N 1854
OLDS CALAIS 1854
rirpp CALAIS 1854
rqpti ACHTEVA 1854
ram ACHTEVA 1854

PONT GRAND AM 1854
PONT GRAND AM 1854
BUICK RIVIERA 86- 1855
CADI ELDORADO 86- 1855
CADI SEVILLE 86-91 1855
OLDS TORONADO 86- 1855
CHEV CORSCA/BERTTA 1856
CHEV CORSCA/BERTTA 1856

4-DOOR

2-DCOR

4-DOOR

2-DOOR

4-DOOR

4-DOOR

2-DOOR

2-DOOR

4-DOOR

2-DOOR

4-DOOR

2-DOCR

4-DOOR

2-DOOR'

4-DOCR

2-DOOR

2-DOOR

4-DOOR

2-DCOR

2-DOOR

4-DOOR

CONVRTBL

CONVRTBL

2-DOOR

2-DOOR

4-DOOR

2-DOOR

4-DOOR

CONVRTBL

2-DOOR

4-DOOR

2-DOOR

4-DOOR

4-DOOR

2-DOCR

4-DOOR

STA WAGN

4-DOOR

3405 3375

3168

3208

3283

3317

2617

2548

2589

2519

2583

3301

3085

3122

3190

3220

3302

2615

2544

2586

2461

2525

3411 3556 ....

3180 3235 3235 3267

3220 3275 3274 3296 3424 3419

110.8

110.8

110.8

110.8

110.8

110.8

93.4

103.4

103.4

103.4

103.4

103.4

103.4

103.4

103.4

108.0

108.

108.

108.

103.

103.

99.

98.

98.

107.

107.

107.5

107.5

107.5

107.5

107.5

107.5

107.5

113.8

99.2

102.4

102.4

111.0

94.5

94.5

100.4

100.4

97.3

97.3

97.3

97.3

97.3

92.8

92.8

92.8

103.3

CADI ALLANTE 1857

BUICK REATTA 1858
BUICK REATTA 1858

BUICK REGAL FWD 1859

BUICK REGAL FWD 1859

CHEV LOMTNA 1859

CHEV LOMXNA 1859
HTpg SUPREME FWD 1859

OLDS SUPREME FWD 1859

QU« SUPREME FWD 1859

PONT GRN PRTX FWD 1859

. FONT GRN PRIX FWD 1859

CADI DEVTLLE 90- 1860

SATURN 2DR 1861

SATURN 4DR 1862

SATURN SW 1862
CADI SEVILLE 92- 1863

WSCTROCCO 3004

VW CABRIOLET 3004

VW QUANTUM 3005
VW QUANTUM 3005
VW OETTA 3006

VW JETTA 3006

VW GQLF/GTI 3006
VW GOLF/GTI 3006
VW CDRRADO 3006

VW FOX 3007

VW POX 3007

VW POX 3007
VW PASSAT 3008

3213

3260

2535

2561

2531

3323

3308

2685

2611

2661

2512

2575

3360 3366 3586 3598 3533
3338 3363 3355 3473 3469

2627

2672

2576

2621

2640

2625

2616

2627

2803

2849

2517 2540

2607

3323

3365

3426

3304

2513

2587

3311

3387

3456

3260

2606

2518

3494

2559

2641

3365

3394

3449

3397

2673

2639

3492

3356

2952

2557

2609

3424

3426

3557

3403

2701

2648

3462

3382

3154

2588

2640

3464

3426

3557

3522

2763

2709

3462

3569

3372

3250

3197

3256

3485

3227

3345

3290

3374

3553

2628 2850

2681 2895

2551

2639

. 2719

. 2605

2572 2751

2654 2794

3496 3498

3458 3569

3514

3503 3517

2735 2796

2701 2752

3480 3498

3596

3391

3296 3265

3366 3335

3242 3289

3275 3310

3602 3589

3236 3248

3368 3382

3256 3204

3291 330B

3597 3594

2375 2256

2315 2335

2717

2779

2764

2804

3504

3604

2769

2745

3752

2-DOOR

CONVRTBL

4-DOCR

STA WAGN

2-DOOR

4-DOOR

2-DCOR

4-DOCR

2-DOOR

2-DCOR

4-DOCR

STA WAGN

4-DCCR

3038

3042

3041

3041

3040

3040

3042

3042

3045

3044

3044

3044

3046

2181

2254

2658

2555

2273

2326

2168

2194

2221

2254

2661

2694

2273

2348

2164

2195

2958

3061

3153

3129

3293

3361

3364

3280

3711

3253

3358

3215

3319

3607

2372

2373

2427

3687

2270

2254

2661

2846

2252

2335

2211

2310

2150

2190

2190

3661

2287

2274 2274 2274 2307 2307 2350

2646 . . . • •

2888

2305 2311 2312 2297 . 2665
2345 2360 2336 2424 2340 2735

2182 2212

2209 2246

2312

2336

2248

2246

2660

2126

2203

2214

2990

2297

2424

2352

2375

2558

2172

2238

2126 2126

2190 2203

2190 2214

2340

2339

2375

2797

2172

2238

2665

2810

2172

2238

2985 2985 3134

243

.0

.0

.0

.4

.4

.4

.5

.5

.5

.5

60.

60.

60.

60.

60.

60.

58.

55.

55.

55.

55.

55.

55.

55.

55.

59.

59.

59.9

59.9

55.4

55.4

60.5

60.3

60.3

58.8

58.8

58.8

58.8

58.8

58.8

58.8

58.8

58.8

60.1

56.4

56.4

56.4

60.9

.1

.1

.1

.1

.1

.1

.3

.4

.4

.4

.4

.7

.7

.4

.4

.9

.9

.1

.1

.9

.9

.2

.2

54.

54.

55.

55.

56.

56.

56.2

56.2

S6.4

53.5

53.5

53.5

57.1



Make-Model Nans CGM* BCOYTP WIB5 WT86 WI87 WT68 WT89 WT90 WT91 WT92 WT93 WHLBAS TRACK
w p*^ 3008 3046 STA WAGN 3035 3029 3029 3197 103.3 57.1

AUDI 4000

AUDI 4000

AUDI 5000

AUDI 100/200
AUDI 100/200
AUDI 80/90 88-92
AUDI 90 1993

BMW 500 -88

BMW 300

BMW 300

BMW 300

BMW 600

BMW 700 -86

BMW 700 87-

BMW 700L 87-

BMW 500 89-

BMW 850

BMW 300 92-

BMW 300 92-

BMW 300 92-

3204 3234 2-DCOR 2694 2688 2663 J?'J
3204 3234 4-DCOR 2337 2377 2337 »•
3205 3235 4-DOOR 2894 2913 2952 2986 *"»•"
Sm 323? 4-DOOR .... 3146 3297 3275 3435 3516 106.0
SSI 3237 STA^GS . • • 3314 3572 3726 3892 3892 106.03206 3236 TdST . .2720 2715 2816 2994 2939 . 100.2
3207 2615 3287 102-8
3406 3435 4-DOOR 3159
3407 3434 CONVRTBL

3407 3434 2-DOOR 2581
3407 3434 4-DOOR 2609
3408 3436 2-DOOR 3406
3409 3437 4-DCOR 3556
3410 3437 4-DOCR

3411 3437 4-DOOR

3412 3435 4-DOOR

3413 3438 2-DCOR

3414 3434 CONVRTBL

3414 3434 2-DCOR

3414 3434 4-DOOR

3171 3177

. 3035

2722 2770

2789 2B02

3407 3416

3565

3836

3159

3055 3035 2990 2921 2944
2837 2620 2817 2683 2866

2875 2884 2867 2700
3516 3530 ....

.

3835 3835 3880 3793 3795 4001
4079 4140 4127 4059 4012 4093

3452 3486 3525 3521 3521
4123 4123 4123

2990 2988

3020 3018

3003 3041

103.

101.

101,

101

103

110

111

116

108

105

106.3

106.3

106.3

91.3

99.2

94.5

94.5

94.5

97.2

95.1

95.5

100.4

100.4

100.4

100.4

99.0

95.7

95.7

95.7

95.7

95.7

104.3

97.4

97.4

96.5

101.2

103.0

103.0

113.2

102.8

103.1

NISS 300ZX -88 3514 3534 2-DCOR 3100
NISS 300ZX 2+2 -89 351S 3534 2-DCOR 3139
NISS SENTRA -86 3518 3543 2-DOOR 1905
NISS SENTRA -86 3518 3543 4-DCCR 1855
NISS SENTRA -86 3518 3543 STA WAGN 1955
NISS STANZA -86 3519 3542 4-DCCR 2301
NISS PULSAR -86 3520 3544 2-DOCR 1907
NISS 200SX -88 3521 3532 2-DOOR 2476
NISS MAXIMA -88 3522 3539 4-DOOR 3060
NISS MAXIMA -88 3522 3539 STA WAGN 3296
NISS STANZA 87-92 3522 3542 4-DOOR
INFTNrri G20 3522 5833 4-DOOR
NISS STANZA SW -89 3S23 3542 STA WAGN
NISS SENTRA 87- 3524 3543 2-DOCR
NISS SENTRA 87- 3524 3543 4-DOCR
NISS SENTRA 87- 3524 3543 STA WAGN
NISS PULSAR 87-90 3524 3544 2-DOCR
NISS NX 3524 3546 2-DCOR
NISS MAXIMA 89- 3525 3539 4-DOOR
NISS 240SX 89- 3526 3532 CONVRTBL
NISS 240SX 89- 3526 3532 2-DCOR
NISS 300ZX 90- 3527 3534 2-DOCR
NISS 300ZX 2+2 90- 3528 3534 2-DOOR
INFINITI M30 3529 5831 CONVRTBL
INFINITI M30 3529 5831 2-DCOR
INFINITI Q45 3530 5832 4-DCCR
NISS AXXESS 3531 3548 STA WAGN
NISS ALTTMA 3532 3547 4-DOOR

3154 3162 3164

3232 3265 3265 3187

1876

1938

2024

2325

2008

2615 2714 2604

3060 3040 3120

3210 3280 3330

2774 2770 2770 2788 2788 2788

2647 2789 2745

2809 2893 2805 2805

2216 2173 2163

2231 2208 2208

2339 2355 2301

2400 2388 2397

3086

2674

244

2158 2286

2208 2266

2301

2388

. 2447

3086 3029

2280 2334

2286 2365

2680

3286

3313

3333

3950

2967

2732

3338

3313

3576

3333

3950

2937

2401

3135

3093

2731

3273

3313

3576

3333

3957

2402

3144

3093

2718

3186

3313

3957

2829

55.5

55.5

57.8

60.1

60.1

56.0

57.6

57.1

55.6

55.6

55.6

57.1

59.4

60.6

60.6

58.4

61.3

55.7

55.7

55.7

57.7

57.7

54.7

54.7

54.7

55.9

54.1

55.1

57.3

57.3'

57.1

57.6

55.9

56.6

56.6

56.6

56.9

56.2

59.1

57.6

57.6

59.6

59.6

56.5

56.5

61.8

56.9

57.5



Make-Model Name CG MM2 BODYTP WT85

INFINITI J30 3533 5834 4-DCCR

WT86 WT37 WT88 WT89 WT90 WT91 WT92 WT93 WHLBAS

. 3527 108.7

TRACK

59.1

55.4

55.4

56.4

56.4

57.9

56.2

53.6

55.4

58.2

58.2

HOND CTVIC 4DR -87 3707 3731
BOND CIVIC 4DR -87 3707 3731
HOND ACCORD 1985 3707 3732
HOND ACCORD 1985 3707 3732
HOND PRELUDE -87 3707 3733
ACUR INTER 2DR -89 3707 5431
HOND CRX -87 3708 3735
HOND CTVIC 2DR -87 3709 3731
HOND ACCORD 86-89 3710 3732
HOND ACCORD 86-89 3710 3732
ACUR TNIGR 4DR 90- 3710 5431
ACUR LEGND 4DR -90 3711 5432
STERLING 3711 6131
ACUR TNTGR 4DR -89 3712 5431
ACUR LBGND 2DR -90 3713 5432
HOND CRX 88-92 3714 3735
HOND CIVIC 88-91 3715 3731
HOND CTVIC 88-91 3715 3731
HOND CIVIC 88-91 3715 3731
HOND PRELUDE 88-91 3716 3733
HOND PRELUDE 92- 3717 3733
ACUR 3NTGR 2DR 90- 3717 5431
HOND ACCORD 90- 3718 3732
HOND ACCORD 90- 3718 3732
HOND ACCORD 90- 3718 3732
ACUR NSX 3719 5433
ACUR LBGND 2DR 91- 3720 5432
ACUR LEGND 4DR 91- 3721 5432
HOND CIVIC 2DR 92- 3722 3731
HOND CIVIC 4DR 92- 3723 3731
ACUR VIGOR 3724 5434
HOND CIVIC DEL SOL 3725 3735

4-DCOR

STA WAGN

2-DCOR

4-DOOR

2-DCOR

2-DOOR

2-DCOR

2-DCOR

2-DCOR

4-DCOR

4-DOOR

4-DOOR

4-DOOR

4-DOOR

2-DOCR

2-DOOR

2-DOOR

4-DOOR

STA WAGN

2-DOOR

2-DOCR

2-DOCR

2-DOOR

4-DCCR

STA WAGN

2-DOCR

2-DOOR

4-DOOR

2-DOCR

4-DOCR

4-DOOR

2-DOOR

1939

2064

2177

2258

2277

2034 1992

2148 2166

ISUZU I-MARK 1985

ISUZU I-MARK 1985

ISUZU IMPULSE -89

CHEV SPECTRUM

CHEV SPECTRUM

ISUZU I-MARK 86-

ISUZU I-MARK 86-

GEO STORM

ISUZU IMPULSE 90-

ISUZU STYLUS

3801 3831

3801 3831

3802 3832

3803 2031

3803 2031

3803 3831

3803 3831

3804 2035

3804 3832

3804 3833

1771

1855

2345

2270

1848

1937

2456

2491

3077

2329

2-DOOR

4-DCOR

2-DCOR

2-DOOR

4-DOOR

2-DCOR

4-DOOR

2-DOOR

2-DCOR

4-DOOR

1919

2001

2734 2755 2895 2911 2926
1808 1808 1962 1968 1962

1859 1909 2007 1995 1989
1919 2028 2036 1996

1933 2029 2028 2049

2291

2349 2347 2313

1813

1895

2429 2495 2583

2479 2549 2575

3082 3100

3246 3244

2409 2394

3119 3100

1930

2045

2039

2198

2622

3170

3177

2390

3139

2054

2073

2188

2298

2675

2604 2680 2667

3142

3230 3187

2665

3153

2129

2170

2311

2376

2664

2566

2840

2870

2097

2164

2290

2412

2679

•

2617

2841

2869

2939

3010

3408

3455

2841

2616

2674

2901

2984

3009

3436

3464

2157

2318

3200

2668

2615

2913

2929

3162

3020

3439

3516

2228

2333

3201

2350

96.5

96.5

96.5

96.5

96.5

96.5

86.6

93.7

102.4

102.4

102.4

108.6

108.6

99.2

106.5

90.6

98.4

98.4

98.4

101.0

100.4

100.4

107.1

107.1

107.1

99.6

114.0

114.6

101.3

103.2

110.5

93.3

94.3

94.3

96.1

94.5

94.5

94.5

94.5

96.5

96.5

96.5

2304 2315 2302 2304

2411 2426 2645 2451

. 2302 2295 2253

JAGUAR XJ SEDAN 3903 3932- 4-DCOR 4070 4068 4066 3903 3922 3960 3964 3990 4024 113.0
JAGUAR XJ-S COUPE 3904 3931 CCNVRTBL . . .4250 4190 4190 4250 4250 3950 102.0
JAGUAR XJ-S COUPE 3904 3931 2-DOOR 3950 3956 3994 4040 4015 4015 4050 4050 3725 102.0

MAZDA RX-7 1985

MAZDA GLC

4107 4134 2-DOOR 2382
4109 4135 2-DOOR 1890

245

95.3

93.1

.1

.3

.4

.2

.1

.1

.1

.1

.1

.1

58.

58.

57.

56.

59.

57.

57.

57.

57.

58.

59.8

58.1

58.2

56.2

58.2

59.8

60.8

60.8

57.9

57.9

59.6

57.9

51.4

51.4

53.5

54.5

54.5

54.5

54.5

55.8

55.8

55.8

59.1

58.9

58.9

55.5

54.8



WT86 WT87 WT88 WT89 WT90 WT91 WT92 WT93 WHLBAS TRACKMake-Model Name CG MM2 BCDYTP WT85

MRZDA GLC 4109 4135 4-DCOR 1935
MAZDA GLC 4109 4135 STA WAGN 2130
MAZDA 626 -87 4110 4137 2-DOCR 2385
MAZDA 626 -87 4110 4137 4-DCOR 2422
MERC TRACER -90 4111 1436 2-DOCR
MERC TRACER -90 4111 1436 4-DCOR
MERC TRACER -90 4111 1436 STA WAGN
MAZDA 323 -89 4111 4135 2-DOOR
MAZDA 323 -89 4111 4135 4-DCCR
MAZDA 323 -89 4111 4135 STA WAGN
MAZDA RX-7 86-91 4112 4134 CONVRTBL
MAZDA RX-7 86-91 4112 4134 2-DCOR
MAZDA 626 88-92 4113 4137 4-DOCR
MAZDA 929 -91 4114 4143 4-DOCR
FORD PROBE -92 4115 1218 2-DOCR
MAZDA MX-6 -92 4115 4144 2-DOCR
MAZDA 323 2DR 90- 4116 4135 2-DCOR
FORD ESCORT 90- 4117 1213 2-DCOR
FORD ESCORT 90- 4117 1213 4-DCCR
FORD ESCORT 90- 4117 1213 STAWAGN
MERC TRACER 91- 4117 1436 4-DCCR
MERC TRACER 91- 4117 1436 STAWAGN
MAZDA PROTEGE 4117 4135 4-DCCR
MAZDA MIATA 4118 4145 CONVRTBL
MAZDA MX-3 4119 4146 2-DCOR
MAZDA 929 92- 4120 4143 4-DCOR
FORD PROBE 1993 4121 1218 2-DCOR
MAZDA 626 1993 4121 4137 4-DCCR
MAZDA MX-6 1993 4121 4144 2-DOCR
MAZDA RX-7 1993 4122 4134 CONVRTBL
MAZDA RX-7 1993 4122 4134 2-DOCR

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

ME-BE

380SL 1985

BASIC 4DR 85

BASIC 4DR 85

BASIC 2DR 85

S 4DR -91

SEL 4DR -91

SEC 2DR -91

190

BAS 4DR 86-

BAS 4DR 86-

SL 86-89

BAS 2DR 88-

SL 90-

SEC 2DR 92-

S 4DR 92-

SEL 4DR 92-

PEUGEOT 505 4DR

PEUGEOT 505 SW

PEUGEOT 405

4233

4231

4231

4231

4237

4236

4236

4239

4231

4231

4233

4231

4233

4236

4237

4236

4204

4208

4208

4209

4210

4211

4212

4213

4214

4214

4215

4216

4217

4218

4218

4219

2-DCOR

4-DCOR

STA WAGN

2-DOOR

4-DCCR

4-DOOR

2-DCOR

4-DOOR

4-DOOR

STA WAGN

2-DOOR

2-DOCR

2-DOOR

2-DCOR

4-DOCR

4-DCOR

1935

2130

2405 2474

2431 2462

2060 2060

2115 2115

2170

2625

3640

3585

3780

3585

3729

3780

3760

2654

2663

2205

2240

2335

2101

2175

3003

2806

2678

3373

2739

2572

2158

2185

2233

2116

2155

2230

3003

2656

2608

3282

2535

3045

2890

2624

3477

2849

2585

2238

2408

2182

3071

2795

2692

3554

2890

2746

2238

2350

2355

2411

2376

2468

2405

2182

2610

2811

2564

2238

2350

2368

2411

2368

2468

2423

2216

2410

3596

3730 3730

3928 3886 3911 3924

3960 3890 3915 3915

2988 2816 2802 2955

3295 3262 3189 3252

. 3670 3475 3530

3780 3705 3705 3705

3310 3310

3740 3761

3930 3951

3915 3915

2955 2958 2969 2983

3319 3377 3477 3544

3646 3721 3695 3788

• • • •

3505 3505 3505 3525

4058 4091 4267 4205

. 4936

. 4609 4627

. 4783 4802

4406 4434 4-DCOR 3102 3059 3081 3053 3092
4407 4434 STA WAGN 3257 3149 3289 3120 3328 . 3339
4408 4436 4-DCOR .... 2577 2643 2600

246

2238

2335

2358

2403

2358

2462

2415

2216

2378

3596

2712

2627

2658

2789

2789

93.1

93.1

98.8

98.8

94.7

94.7

94.7

94.5

94.5

94.5

95.7

95.7

101.4

106.7

99.0

99.0

96.5

98.4

98.4

98.4

' 98.4

98.4

98.4

89.2

96.3

112.2

102.9

102.9

102.9

95.5

95.5

96.9

UO.O

110.0

106.7

115.6

121.1

112.2

104.9

110.2

110.2

96.7

106.9

99.0

119.7

119.7

123.6

107.9

114.2

105.1

54.8

54.8

56.2

56.2

55.5

55.5

55.5

55.2

55.2

55.2

56.9

56.9

57.5

57.2

57.5

57.5

56.5

56.5

56.5

56.5

56.5

56.5

56.4

55.9

57.6

59.6

59.4

59.1

59.1

57.5

57.5

57.0

57.8

57.8

57.8

60.7

60.7

60.7

56.0

58.8

58.8

57.7

56.9

60.2

62.6

62.6

62.6

57.0

58.2

57.0



Make-Model Name

PEUGEOT 405

PORSCHE 911

PORSCHE 911

PORSCHE 924

PORSCHE 944

PORSCHE 944

PORSCHE 928

PORSCHE 1992-93

PORSCHE 1992-93

CG MM2 BCOYTP WT85 WT86 WT87 WT88 WIB9 WT90 WT91 WT92 WT93 WHIBAS

. 2726 2688 . 105.1
4408 4436 STA WAGN

4501 4531 CONVRTBL 2756 2756 2756 2784 2785 3031 3031
4501 4531 2-DOOR 2756 2826 2828 2802 2974 3031 3100
4503 4534 2-DOCR . 2734 2734
4503 4537 CONVRTBL .2932 3109 3109
4503 4537 2-DCCR 2778 2827 2842 2896 2909 2998 2998
4504 4535 2-DOCR 3366 3439 3505 3505 3505 3505 3505
4505 4540 CONVRTBL

4505 4540 2-DOOR

RENA 18/SPCRTWAGCN 4605 4637 STA WAGN 2405 2405
4605 4638 2-DCCR 2379
4606 4639 CONVRTBL 2250 2261 2277
4606 4639 2-DCCR 1963 1977 2034
4606 4639 4-DOOR

4606 4640 2-DOCR

4606 4640 4-DOOR

4-DOOR

RENA FUBGO

RENA ALLIANCE

RENA ALLIANCE

RENA ALLIANCE

RENA ENCORE

RENA ENCORE

RENA MEDALLION 4DR 4607 4644

RENA MEDALLION SW 4608 4644 STA WAGN
DODGE MONACO 4609 740 4-DOOR
EAGLE PREMIER 4609 1040 4-DCCR

2041 2034 2037

2013 2031

2062 2076

2588 2650

2736 2809

. 3103 3013 3004

2918 3039 3087 3079 3059

3112 3225

3053 3108

89.

89.

94.

94,

94

96

96.1

96.1

97.8

97.8

97.8

97.8

97.8

102.3

108.3

106.0

106.0

SAAB 900

SAAB 900

SAAB 900

SAAB 9000

4704 4731 CONVRTBL . 3120 2920 2875 2967 2967 3003 3001 3011 99.1
4704 4731 2-DOCR 2732 2737 2822 2818 2792 2808 2835 2767 2789 .99.1
4704 4731 4-DCCR 2730 2691 2798 2770 2809 2815 2818 2776 2810 99.1
4705 4734 4-DCCR . 2935 3018 3022 3105 3087 3105 3150 3128 105.2

SUBA

SUBA

SUBA

SUBA

SUBA

SUBA

SUBA

SUBA

SUBA

SEDAN/LOYALB 4806 4831

SEDAN/LOYALE 4806 4831

SEDAN/LOYALB 4806 4831

XT 4806 4835

HATCHBACK -89 4807 4831

JUSTY 4808 4836

JUSTY 4808 4836

LEGACY 4809 4834

LEGACY 4809 4834

SVX 4810 4837

IMPREZA 4811 4838

IMPREZA 4811 4838

2-DOQR

4-DCOR 2272

STA WAGN 2429

2-DOOR 2443

2-DOOR 2132

2-DOOR

4-DOOR

4-DOOR

STA WAGN

2-DOOR

4-DOOR

STA WAGN

2322 2350

2286 2323

2594 2537

2394 2477

2099 2197

. 1666

TOYO CELICA -86 4911 4933

TOYO CELICA -86 4911 4933
TOYO CRESSIDA 1985 4912 4935

TOYO CRESSIDA 1985 4912 4935

TOYO COROLLA RWD 4916 4932

TOYO SUPRA 1965 4918 4934

GEO NDVA/PRIZM -92 4919 2032
TOYO CORLA FWD -92 4919 4932

TOYO CORLA FWD -92 4919 4932

TOYO CORLA FWD -92 4919 4932
TOYO innnn. 85-87 4919 4938

CONVRTBL 2975

2-DOQR 25B5 2540

4-DOCR 3020

STA WAGN 3007

2-DCOR 2211 2250 2225

2-DOCR 2970 2970

4-DOCR 2163 2174 2214 2219 2327 2331 2437 2436
2-DCOR . . 2353 2230 2276 2434 2296
4-DCCR 2113 2103 2139 2212 2235 2250 2257 2267
STA WAGN . 2344 2694 2484 2355 2373
2-DCOR 1995 2025

2352

2278

2528

2644

2174

1655

247

2352 2385

2294 2283

2542 2535

2534 2586

2174

1807 1906

2045

2723

2891

2388 2374 2371

2602 2596 2593

2761

• • "

1895 1851 1857

2045 2045 2045

2846 2936 2950

2964 2933 3011

3575 3580

2384

2551

97.2

97.2

97.

97.

93.

90.

90.

101.

101.

102.8

99.2

99.2

98.4

98.4

104.1

104.1

94.5

103.0

95.7

95.7

95.7

95.7

95.7

.2

.1

.5

.0

.0

.6

.6

TRACK

57.0

54.1

54.1

55.3

57.7

57.7

61.5

54.6

54.7

54.0

54.0

54.0

54.0

54.0

56.3

56.3

S7.6

57.6

56.5

56.5

56.5

59.3

56.1

56.1

56.1

56.3

53.0

51.6

51.6

57.4

57.4

58.7

57.4

57.4

54.3

54.3

54.8

54.8

52.8

57.3

55.7

55.7

55.7

55.7

54.2



Make-Model Name CGMC BODYTP WI85 WT86 WIS7 WT88 WI89 WT90 WT91 WT92 WT93 WHtBAS TRACK

54.2

54.2

57

57

57

56

57

57

58.5

57.2

57.2

55.7

55.7

55.7

55.1

61.6

57.

60,

60.

60

59

57

57

57

60

TOYO '";!prB!T- 85-67

TOYO TBprBT- 85-87

TOYO CAMRY -91

TOYO CAMRY -91

LEXUS ES-250

TOYO MR-2 -89

TOYO CRESSIDA 86-
TOYO CRESSIDA 86-

TOYO SUPRA 86-92

TOYO CELICA 87-

TOYO CELICA 87-

TOYO TERCEL 87-

TOYO TERCEL 87-

TOYO TERCEL 87-

TOYO PASEO

LEXUS LS-400

TOYO MR-2 91-

TOYO CAMRY 92-

TOYO CAMRY 92-

LEXUS ES-300

LEXUS SC-300/400

GEO PRIZM 1993

TOYO OOROLLA 1993

TOYO COROLLA 1993

TOYO SUPRA 1993

LEXUS GS-300

4919

4919

4920

4920

4920

4921

4922

4922

4923

4924

4924

4925

4925

4925

4925

4926

4927

4928

4928

4928

4929

4930

4930

4930

4931

4932

4938

4938

4940

4940

5931

4941

4935

4935

4934

4933

4933

4938

4938

4938

4942

5932

4941

4940

4940

5931

5933

2032

4932

4932

4934

5934

2459

4-DCOR 2037

STA WAGN 2220

4-DCOR 2385

STA WAGN

4-DCOR

2-DCCR

4-DCOR

STA WAGN

2-DCOR

CONVRTBL

2-DCOR

2-DOCR

4-DOOR

STA WAGN

2-DOCR

4-DCOR

2-DCCR

4-DCOR

STA WAGN

4-DCOR

2-DCOR

4-DOOR

4-DOCR

STA WAGN

2-DOOR

4-DOOR

2761 2796 2746 2786
2877 2937 2982 2989

. 3219 3219

2390 2375

3328 3417 3417 3439 3439

2060

2139 2204

2406 2758

. 2B76

• •

2282 2334

3142 3296

3097 3240

3468 3451

2700

2527

1955

2075

95.7

95.7

102.4

102.4

102.4

91.3

104.5

104.5

102.2

99.4

99.4

93.7

93.7

93.7

93.7

110.8

94.5

103.

103,

103,

105

97

97

97

100

109

.5

.5

.5

.7

.0

.0

3468 3492

2680 2680

2507 2480

2022 1996

2025 2025

2280

3501 3512 3509

2680 2844 2844 3020
2636 2610 2564 2772

2012 1950 1957 1955
2005 2005 2005

3759

. 2070 2070

.3759 3759 3858

2599 2639 2754

3133 3076

3117 3218

3406 3362

3556 3548

. 2350

. 2443

. 2392

. 3389

. 3625

2919 2954 2919

3051 3084 3054

3415

240

240

760/780
760/780
760/780

740

740

940

940

960

960

850

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

VOLVO

5104

5104

5105

5105

5105

5105

5105

5105

5105

5105

5105

5106

5134

5134

5138

5138

5138

5139

5139

5140

5140

5141

5141

5142

4-DOOR 2904

STA WAGN 3002

2-DOOR

4-DOOR 2994

STA WAGN 3209

4-DOOR

STA WAGN 3128

4-DOOR

STA WAGN

4-DOOR

STA WAGN

4-DCOR

2919

3075

3031

3185

2971

3094

2950 2928

3034 3047

3329 3411

3095 3319

3226 3305

2957 2959

3101 3107

2919

3051

3433

3305

3272

2982

3120

2954

3084

3415

3304

3272

3010

3116

2976 2996

3077 3155

3120 3041 3067

3140 3194 3177

3460 3460

3370 3370

. 3187

DODGE COLT 2DR 85 S204 734 2-DOCR 1883
PLYM COLT 2DR 1985 5204 934 2-DCCR 1876
DODGE COLT 85-89 5205 734 2-DCCR
DODGE COLT 85-89 5205 734 4-DCCR 1999
DODGE COLT 85-89 5205 734 STA WAGN
PLYM COLT 85-89 5205 934 2-DOOR
PLSM COLT 85-89 5205 934 4-DCOR 2001
PLYM COLT 65-89 5205 934 STA WAGN
MTTS MIRAGE -88 5205 5235 2-DCCR 1967
METS MIRAGE -88 5205 5235 4-DOCR
MTTS PRECIS -89 5205 5236 2-DOOR
MTTS PRECIS -89 5205 5236 4-DCOR

1882 1924 1988

2002 2000 2085

. 2227 2359 2331

1882 1923 1990

2013 1999 209B

. 2227 2358 2331

1964 2043 2171

2095 2119 2271

. 2094 2176 2173

. 2137 2216 2216
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104.3

104.3

109.1

109.1

109.1

109.1

109.1

109.1

109.1

109.1

109.1

104.9

90.6

90.6

93.7

93.7

93.7

93.7

93.7

93.7

93.7

93.7

93.7

93.7

60.2

54.9

54.9

57.5

57.5

57.5

57.7

57.7

57.7

57.7

57.7

57.7

58.9

53.5

53.5

53.7

53.7

53.7

53.7

53.7

53.7

53.8

53.8

53.5

53.5



Make-Model Name CG MM2 BODYTP WT85 WT86 WT87 WT88 WT89 WT90 WT91 WT92 WT93 WHLBAS TRACK

HYUNDAI EXCEL -89

HYUNDAI EXCEL -89

CHRY CONQUEST

DODGE CONQUEST

PLYM CONQUEST

MTTS STARION

MTTS TREDIA

MTTS CORDIA

DODGE VISTA -91

PLYM VISTA -91

MTTS GALANT

MTTS SIGMA

EAGL SUMMT 4DR -92

EAGL SUMMT 4DR -92

MTTS MTRAG 4DR -92

MTTS MTRAG 4DR -92

DODGE CULT 89-92

PLYM COLT 89-92

EAGL SUMMT 2DR -92

MTTS MTRAG 2DR -92

PLYM LASER

EAGLE TALON

MTTS ECLIPSE

DODGE STEALTH

MTTS 3000GT

DODGE VISTA 92-

PLYM VISTA 92-

EAGLE SUMMIT SW

MTTS EXPO LRV

MTTS DIAMANTE

MTTS DIAMANTE

MTTS EXPO SP

DODGE COLT 2DR 93

PLYM COLT 2DR 1993

EAGL SUMMIT 2DR 93

MTTS MIRAGE 2DR 93

DODGE COLT 4DR 93

PLYM COLT 4DR 1993

EAGL SUMMIT 4DR 93

MTTS MIRAGE 4DR 93

CHEV SPRINT 2DR

CHEV SPRINT 4DR

GEO METRO 2DR

GEO METRO 2DR

SUZUKI SWIFT 2DR

GEO METRO 4DR

SUZUKI SWIFT 4DR

HYUNDAI SONATA

MTTS PRECIS 90-

HYQNDAI EXCEL 90-

5205

5205

5206

5206

5206

5206

5207

5207

5208

5208

5209

5209

5210

5210

5210

5210

5211

5211

5211

5211

5212

5212

5212

5213

5213

5214

5214

5214

5214

5215

5215

5215

5216

5216

5216

5216

5217

5217

5217

5217

5532

5532

635

735

935

5231

5232

5233

744

944

5234

5238

1034

1034

5235

5235

734

934

1034

5235

937

1037

5237

739

5239

744

944

1044

5244

5240

5240

5245

734

934

1034

5235

734

934

1034

5235

2-DCOR

4-DCOR

2-DOOR

2-DCOR

2-DCCR

2-DOCR

4-DOOR

2-DOOR

STA WAGN

STA WAGN

4-DOCR

4-DCCR

2-DCOR

4-DCOR

2-DOOR

4-DOCR

2-DOOR

2-DCOR

2-DOOR

2-DCOR

2-DOQR

2-DOQR

2-DCOR

2-DOOR

2-DCCR

STA WAGN

STA WAGN

STA WAGN

STA WAGN

4-DCOR

STA WAGN

STA WAGN

2-DCOR

2-DOOR

2-DCCR

2-DOCR

4-DOOR

4-DOOR

4-DOCR

4-DOOR

2141

2155

2811

2812

2802

2376

2364

2661

2608

2844

2BU

2818

2802

2368

2342

2537

2536

2778

2141 2156 2140

2160 2156 2163

2953 2925 3031

2988 2970 3036

2375

2369

2661

2665

2811

2396

2717 2742

2721 2743

3042 2601

3075

2347

2280

2326

2203

2203

5301 2033 2-DOQR 1488 1488 1574 1568

5302 2033 4-DOCR . 1565 1620 1620

5303 2034 CONVRTBL

5303 2034 2-DOOR

5303 5334 2-DCOR

5304 2034 4-DOCR

5304 5334 4-DOOR

5501 5533 4-DCCR

5502 5236 2-DOOR

5502 5532 2-DOOR

2795 2802

2778 2808

2661 2749 2726 2733

3108

. 2261

2283 2277 2278

2277

2194

2194

2234

2644

2908

2671

2271

2262

2262

2205

2659

2877

2651

3274

3501

2272

2232

2267

2221

2205

2602

2855

2610

3400

3487

2823

2823

2796

2730

3481

2979

2612

2729

2600

3211

3348

2793

2793

2810

2725

3448

3609

3021

2093

2093

2094

2101

2238

2235

2241

2212

93.7

93.7

95.9

95.9

95.9

95.9

96.

96.

103.

103.

102.

102.

96.

96.

96.7

96.7

93.9

93.9

93.9

93.9

97.2

97.2

97.2

97.2

97.2

99.2

99.2

99.2

99.2

107.1

107.1

.3

.3

.3

.3

.4

.4

.7

.7

107.

96.

96.

96.

96.

98,

98

98

1753 1753 1753 1650

1589 1619 1620 1646 1645

1761 1727 1762 1766 1790

1640 1693 1693 1694 1650

1741 1846 1848 1861 1900

98.4

88.4

92.3

89.2

89.2

89.2

93.1

93.1

2722 2754 2756 2747 2751 104.3

. 2336 2253 2145 2380 93.8

. 2040 2202 2040 2152 93.8
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53.5

53.5

57.5

55.3

55.3

55.3

54.8

54.8

54.8

54.8

57.0

56.3

56.3

56.3

56.3

56.3

56.3

56.3

56.3

56.3

57.4

57.4

57.4

61.8

61.8

57.5

57.

57.

57.

60.

60.

57.

57.3

57.3

57.3

57.3

57.3

57.3

57.3

57.3

51.8

51.8

53.3

53.3

53.3

53.3

53.3

57.9

53.8

53.8

.5

.5

.5

.3

.3

.5



Make-Model Name CG MM2 BCOYTP WT85 WI86 WT87 WTB8 WTB9 WT90 WT91 WT92 WT93 WHLBAS TRACK

HYUNDAI EXCEL 90-

HYONDAI SCOUPE

HYUNDAI ELANTRA

MERKUR XR4TI

MERKUR SCORPIO

YUGO

DAIHATSU CHARADE

DAIHATSU CHARADE

PONT LEMANS 88-

PONT LEMANS 88-

FQRD FESTTVA

MERCURY CAPRI 89-

5502 5532

5502 5534

5503 5535

5603 5631

5604 5632

4-DCCR

2-DCCR

4-DOCR

2-DCOR 2853

4-DCOR

5701 5731 2-DCOR

2-DOOR

4-DCOR

2-DOCR

4-DOOR

2-DCCR

CONVRTBL

6001 6031

6001 6031

6301 2231

6301 2231

6401 1234

6501 1431

2040 2310

. 2142

2215 2186

2147 2201

2483 2482

2915 2920 2920 2920

. 3241 3241

1832 1832 1834 1832 1870 1870

93.8

93.8

98.4

102.7

108.7

84.7

92.1

92.1

99.2

99.2

90.2

94.7

1775 1836 1827 1852 1825
. 2047 2045 2061

2180 2065 2138 2178 2175 2154
2128 2124 2235 2246 2241 2203

1725 1718 1715 1785 1834 1606

. 2402 2422 2409
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53.8

53.8

56.3

57.5

58.1

51.6

54.1

54.1

55.3

55.3

54.8

55.5



APPENDLXE

CURB WEIGHT, TRACK WIDTH AND WHEELBASE OF LIGHT TRUCKS

CG = fundamental light-truck group (see Appendix C)

MM2 = make-model code (see Appendix C)

TRKTYP «= type oflighttruck

WT85 = curb weight (pounds) in model year 1985. Source: Ward's Almanacs, edited
for consistency from year to year and across related make-models

WHLBS = wheelbase for the basic or short-bed truck (inches). Source: Ward's Almanacs

WBLNG = wheelbase for the long-bed or extended truck (inches). Source: Ward's
Almanacs

TRAK = track width (inches). Source: measurements at NHTSA's Vehicle Research
andTest Center, and at otherlocations
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Make-Model Name CG WZ TRKTYP
WT85 WT36 WT37 WI8B WT89 WI90 WI91 WT92 WT93 WHIBS WBUC TRAK

3790 3790

4386 4386
JEEP J-10 I£NG 7002 7002 ICE PICKUP 3724 3808
JEEP j-20 7002 7003 IGE PICKUP 4335 4388
JEEP CJ-8 SCRAMBLR 7003 7004 SML SUV 2664 2684
JEEP CJ-7 7004 7005 SML SUV 2603 2602
JEEP CHEROKEE 7005 7006 SML SUV 2751 2751
JEEP CHEROKEE 4X4 7005 7007 SMd SUV 2917 2918
JEEP WAGONEER 7006 7008 SML SUV 3047 3050
JEEP GRAND WAGCHR 7007 7009 IGE SUV 4221 4252
JEEP OCMANCHE LCN3 7008 7010 SML PICKUP .2926
JEEP CCMEH 4X4 IN 700B 7011 SML PICKUP .3093
JEEP COMANCHE SHRT 7009 7012 SML PICKUP
JEEP CCMSCH 4X4 SH 7009 7013 SML PICKUP
JEEP WRANGLER 7010 7014 SML SUV
JEEP COMANCHE 89- 7011 7015 SML PICKUP
JEEP CCMEH4X4 89- 7011 7016 SML PICKUP

130.7

130.7

103.4

93.4

101.4

101.4

101.4

108.7

119.9

119.9

113.0

113.0

93.4

113.0 119.

113.0 119

2716 2716 2853 2832 2844 2808 2808
2983 2937 3043 3033 3000 2985 2985
3083 3080 3491 3453 3453 3394
4509 4505 4470 4499 4377 4377
3006 3006

3181 3161

2988 2988

3082 3082

2868 2910 2936 2936 2934 2938 2935
. 2988 2B95 2895 2896
. 3082 3084 3084 3075

DODG CARAVAN -90

DODGMTNI RAM VAN

PISM VOYAGER -90

DOD3D100

DOD3DL50

DODG W100

DODG W150

DCD3D250

DCDG W250

DODGD350

DODGW350

DODG D350 CREW CAB

DODG W350 CREW CAB

DODG RAMCHARGER

DCDG RAMCHRGR 4X4
DODG HL50 CARGO

DODG KL50 WAGON

D0DGB250 CARGO

Q0DGB250 WAGON

D3DGB350 CARGO

DCD3B350 WAGON

DODG DAKOTA

DODG DAKOTA 4X4

DODG GRN CARVN -90
DODG MINIRAM XT-90
PiaMGRNVCYGR -90

CHRY TOWNBCIRY -90

DOD D150 CLBCB 90-

DOD W150 CIBCB 90-

D0DD250 CIBCB 90-

DOD W250 CLBCB 90-
DOD DAKOTA CUBCAB

DOD DAKTA 4 CLBCAB

DODG CARAVAN 91-

DCDG CARAVAN 4X4

DODG CARAVAN C/V

7101 7101 SML VAN 2940 2911 2911
7101 7102 SML VAN 2700 2755 2835
7101 7201 SML VAN 2940 2911 2911
7102 7103 IGE PICKUP 3380 3451 3486
7102 7104 IGE PICKUP 3450 3456 3491
7102 7105 IGE PICKUP 3985 4067 4093
7102 7106 IGE PICKUP 3995 4072 4098
7103 7107 IGE PICKUP 3840 3851 3919
7103 7108 IGE PICKUP 4350 4400 4414
7103 7109 IGE PICKUP 4200 4252 4252
7103 7110 IGE PICKUP 4500 4542 4542
7104 7111 IGE PICKUP 4550 4550 4550
7104 7112 IGE PICKUP 4985 4985 4985
7105 7113 IGE SUV 4000 4045 4106
7105 7114 IGE SUV 4500 4530 4583
7106 7115 IGE VAN 3420 3580 3600
7106 7116 IGE VAN 3809 3960 3983
7106 7117 USE VAN 3590 3569 3700
7107 7U8 IGEVAN 4150 4135 4154
7107 7119 LSE VAN 4050 4037 4093
7107 7120 IGE VAN 4550 4550 4537
7108 7130 SML PICKUP • 2856
7108 7131 SML PICKUP • 3516
7109 7132 SML VAN

7109 7133 SML VAN

7109 7202 SML VAN

7109 7301 SML VAN
7110 7134 LSE PICKUP

7110 7135 IGE PICKUP

7110 7136 USE PICKUP
7110 7137 IGE PICKUP
7111 7138 SML PICKUP

7111 7139 SML PICKUP

7112 7140 SML VAN

7112 7141 SML VAN
7112 7142 SML VAN

3100 3100

2835 2858

3100 3100

3486 3558

3491 3558

4093 4154

4098 4154

3919 3979

4414 4475

4252 4305

4542 4868

4550

4985

4106 4198

4583 4638

3600 3680

3983 3995

3700 3700

4154 4170

4093 4165

4537 4570

2856 2885

3516 3570

3400 3400

3010 3010

3400 3400

252

3100

2855

3100

3610 3610

3620 3620 3774

4150 4150

4150 4150 4237

4035 4035 4112

4495 4495 4553

4290 4500 4500

4845 4845 4860

. 112.0

. 112.0

. 112.0

. 115.0 131

3732 115.0 131.

. 115.0 131.

4149 115.0 131.

3866 131.0

4582 131.0

4365 131.0

4881 131.0

. 149.0 165

. 149.0 165

4233 106.0

4580 106.0

3786 109.6 127.

4087 109.6 127.

3860 109.6 127,

4180 127.6

4215 127.6

4555 127.6

2958 111.9 123

3653 111.9 123

. 119.1

. 119.1

. 119.1

. 119.1

4366 149.0

4768 149.0

4483 149.0

4839 149.0

3231 131.0

3B78 131.0

3275 112.3

3868 132.3

3008 112.3

4265 4265 4264

4645 4635 4687

3680 3695 3730

3995 4025 4142

3685 3695 3771

4170 4195 4251

4165 4200 4245

4570 4570 4611

2990 2990 2963

3640 3700 3670

3459

3105

3459

3817

4265 4265 4366

4660 4652 4768

4380 4380 4483

4725 4725 4839

3300 3330 3236

3840 3900 3895

. 3271 3300

. 3876 3876

. 3044 3044

57.3

57.3

58.0

59.5

57.8

57.8

57.8

57.8

57.4

57.8

57.8

. 61.0

. 61.0

. 61.0

0 65.7

0 65.7

0 66.5

.0 66.5

. 65.7

. 66.5

. 65.7

. 66.5

.0 65.7

0 66.5

. 66.1

. 66.1

.6 66.6

.6 66.6

.6 66.6

. 66.6

. 66.6

. 66.6

9 59.4

,9 60.2

. 61.0

. 61.0

. 61.0

. 61.0

. 65.7

. 66.5

. 65.7

. 66.5

. 59.4

. 60.2

. 61.0

. 61.0

. 61.0



Make-Madel Nane 03 MVE TRKTVP

D0D3 CARVN C/V 4X4 7112 7143 SML VAN
PI3M VOYASER 91- 7U2 7203 SML VAN
PLYM VOYAGER 4X4 7112 7204 SML VAN
DODG GRN CARVN 91- 7113 7144 SML VAN
DODG GRN CARVN 4X4 7113 7145 SML VAN
DODG CARVN C/V XT 7113 7146 SML VAN
DOD CARVN C/V 4 XT 7113 7147 SML VAN
PLYM GRN VCHGR 91- 7113 7205 SML VAN
PI2M GRN VOYGR 4X4 7113 7206 SML VAN
CHRY TGWSKCTRY 91- 7113 7302 SML VAN
CHRY TCWNSCTRY 4X4 7113 7303 SML VAN
JEEP GRND CHEROKEE 7114 7017 SML SUV
JEEP GR CHERCK 4X4 7114 7018 SML SUV
JEEP GR WAGCNR 93 7114 7019 SML SUV

WT35 WT86 WIB7 WT38 WI89 WT90 WT91 WI92 WI93 WHL9S WBUC TRAK

FORD RANGER -92 7401
FORD RANGBR4X4 -92 7401

FORD F-150 7402
FORD F-150 4X4 7402
FORD F-250 7403
FORD F-250 4X4 7403
FORD F-350 7403
FORD F-350 4X4 7403
FORD F-150 SUPRCAB 7404
FORD F150 4 SUPCAB 7404
FORD F-250 SUPRCAB 7405

FORD F250 4 SUPCAB 7405
FORD F-350 SUPRCAB 7405
FORD F350 4 SUPCAB 7405
FORD F350 DUAL WHL 7405
FORD BRONCO II 4X4 7406
FORD BRONCO II 7406

FORD BRONCO 7407

FORD E150 CRGO -90 7408

FORD EL50 CRGO 91 7409
FORD FO50 SUPR -91 7409

FORD E150 WAGN -91 7409

FORD E250 CRGO -91 7409

FORD E250 SUPR -91 7409

FORD E250 WAGN -91 7409

FORD E350 CRGO -91 7409

FORD E350 SUPR -91 7409

FORD E350 WAGN -91 7409

F RANGR SUPCAB -92 7410

F RNGR SUCB 4X4-92 7410

FORD AEROSTAR CRGO 7411

FORD AEROSTAR WAGN 7411

FORD AERSTR CRG XT 7411

FORD AERSTR WGN XT 7411

FORD AERO 4X4 CRGO 7411

FORD AERO 4X4 WAGN 7411

FORD AERO 4 CRG XT 7411

7401 SML

7402 SML

7403 IGE

7404 LGE

7405 IGE

7406 IGE

7407 IGE

7408 LSE

7409 LGE

7410 LGE

7411 IGE

7412 IGE

7413 IGE

7414 IGE

7431 LGE

7415 SML

7416 SML

7417 IGE

7418 LGE

7418 IGE

7419 LGE

7420 IGE

7421 LGE

7422 IGE

7423 LGE

7424 IGE

7425 LGE

7426 IGE

7427 SML

7428 SML

7429 SML

7430 SML

7432 SML

7433 SML

7436 SML

7437 SML

7438 SML

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

PICKUP

SUV

SUV

SUV

VAN

VAN

VAN

VAN

VAN

VAN

VAN

VAN

VAN

VAN

PICKUP

PICKUP

VAN

VAN

VAN

VAN

VAN

VAN

VAN

3514 3514

3271 3300

3876 3876

3644 3693

3995 3995

3334 3334

3636 3636

3644 3693

3995 3995

3946 3946

. 422B

.3

.3

.3

.3

.3

.3

.3

3514 112.

3275 112.

3868 112.

3602 119.

3989 119.

3293 119.

3636 119.

3602 119.3

3989 119.3

3946 119.3

4228 119.3

3350 105.9

3550 105.9

3750 105.9

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 61.0

. 58.7

. 58.7

. 58.7

9 54.5

9 55.5
2600 2638

2770 2833

3390 3420

3820 3805

3670 3824

4115 4179

4070 4070

4425 4425

3900 3984

4400 4433

4500 4581

5000 5091

4830 4830

5340 5340

2638

2833

3420

3805

3824

4179

4070

4425

3984

4433

4581

5091

4830

5340

2802

2920

3670

3965

3955

4300

4370

4725

4195

4460

4680

5140

2700

2920

3670

3965

3955

4300

4370

4725

4195

4460

4680

5140

4895

5405

5405

3269

3160

4383

4010

2820 . 107,

3128 . 107

3843 3843 116

3996 3966 116

4214 4250 133

4600 4600 133

4600 5650 133

5005 5050 133.

4218 4216 138.

4428 4428 138.

4772 4579 155.

5221 5221 155.

. 155,

. 155

5300 155

. 94

. 94

4430 104

. 124

2B02 2820

3126 3133

3670 3745

3965 3898

3955 4109

4300 4465

4370 4500

4725 4917

4195 4229

4460 4474

4680 4702

5140 5134

9 113.

9 113.

8 133.

8 133,

,0

.0

.0

.0

.8 155

.8 155

.0

.0

0

0

,0

.0

.0

.7

.0

.0

.0

.0

.0

.0

0

0

0

0

0

.0

.9

.9

.9

.9

9

9

,9

65.5

66.5

65.5

66.5

65.5

3239 3213

. 3043

4360 4383

3600 3874

* •

3970 4036

4300 4385

4300 4413

4420 4586

5000 5066

4695 4546

4875 4728

5300 5365

2842

3065

2916

3243

3213

3043

43B3

3874

5405

3371

3278

4400

3950

5405 5297

3371

3278

4453 4416

3950

. 4134

4359 4422

4417 4459

4640 4558

4810 4748

5070 5137

4750 4763

5060 4927

5413 5457

3133 3128

3445 3479

3102 3200

3359 3374

3270 3294

3502 3478

3470 3485

3642 3651

3550 3565

4036 4425 4359

4385 4509 4417

4413 4640 4640

4586 4810 4810

5066 5070 5070

4546 4750 4750

4728 5060 5060

5365 5413 5413

2842 3000 3133

3065 3240 3240

2916 3102 3102

3243 3359 3359

3202

3460

253

5389

4430

3128

3479

138

138

138

138

138

138

138

136

138

125

, 125

3200 3200 118

3374 3374 118

3294 3294 118

3478 3478 118

3485 3485 118

3651 3651 118

3565 3565 118

136

.5

.5

.5

.5

.5

.5

.5

.5

.9

.9

.5

.0

.0

.0

.0

. 66.

3 65.

D 66.

. 65.

. 66.

. 65.

. 66.

. 65.

. 56.

. 56.

. 65.

0 68.

. 68.

. 68.

. 68.

. 68.0

. 68.0

. 68.0

. 6B.0

. 68.0

. 68.0

. 54.5

. 55.5

. 60.7

. 60.7

. 60.7

. 60.7

. 60.7

. 60.7

. 60.7



M^e-ModelNane CGM* TRKTYP WIB5 WI86 WI87 WT38 WIB9 WT90 WT91 WT92 WT93 WHL3S WBLNG TRAK

FCRD AERO 4 WGN XT 7411 7439 SML VAN
FORD F350 CREW CAB 7412 7434 IGE PICKUP
FCRD E350 4 CRUCAB 7412 7435 IGE PICKUP
FORD EXPLORER 2DR 7413 7440 SML SUV
FORD EXPIOR 2D 4X4 7413 7441 SML SUV
MA35A NAVAJO 4X4 7413 8310 SML SUV
MA2J3ANAVAJ0 7413 8311 SML SUV
FORD EXPLORER 4DR 7414 7442 SML SOV
FORD EXPICR 4D 4X4 7414 7443 SML SUV
FCRD E150 CRGO 92- 7415 7444 IGS VAN
FORD EL50 WAGN 92- 7415 7445 IGE VAN
FCRD E250 CRGO 92- 7415 7446 IGS VAN
FORD E250 SUPR 92- 7415 7447 IGS VAN
FORD E350 CRGO 92- 7415 7448 IGE VAN
FCRD E350 SUPR 92- 7415 7449 IGE VAN
FORD E350 WAGN 92- 7415 7450 IGE VAN
FORD E350 SUPRWAGN 7415 7451 IGS VAN
FORD RANGER 1993 7416 7452 SML PICKUP
FORD RANSSR 4X4 93 7416 7453 SML PICKUP
F RANGER SUPCAB 93 7417 7454 SML PICKUP
F RN3R SUCB 4X4 93 7417 7455 SML PICKUP
MERC VILLAGER CRGO 7418 7501 SML VAN
MERC VILLAGER WAGN 7418 7502 SML VAN

CHEV S10 -87

CHEV T10 -87

GMC S15 -87

GMCTL5 -87

CHEV C/R 10 PU -87
CHEV K/V 10 PU -87
GMC C/R 15 PU -87

GMC K/V 15 PU -87

CHEV C/R 20 PU -87
CHEV K/V 20 PU -87
CHEV C/R 30 PU -87
CHEV K/V 30 PU -87
GMC C/R 25 PU -87
GMC K/V 25 PU -87

GMC C/R 35 PU -87
GMC K/V 35 PU -87
CHEVS BLA3R 2DR

CBV S BLAQt 4X4 2D
GMC S JTtfW 2DR
GMC S JIMMY 4X4 2D
CHEV K/V BLASt -91
GMC K/V JIMISf -91
CHV CKLO SUBRB -91
CHV KV10 SUBRB -91
GMC CR10 SUBRB -91
GMC KV10 SUBRB -91
CHV CR20 SUBRB -91
CHV KV20 SUBRB -91

7601 7601

7601 7602

7601 7701

7601 7702

7602 7603

7602 7604

7602 7703

7602 7704

7603 7605

7603 7606

7603 7607

7603 7608

7603 7705

7603 7706

7603 7707

7603 7708

7604 7609

7604 7610

7604 7709

7604 7710

7605 7611

7605 7711

7606 7612

7606 7613

7606 7712

7606 7713

7607 7614

7607 7615

2550 2574 2567

2950 2905 2913

2550 2574 2567

2950 2905 2913

3450 3432 3432

4030 4030 4030

3450 3432 3432

4030 4030 4030

4025 3950 3950

4450 4370 4370

4405 4426 4364

4825 4846 4784

4025 3950 3950

4450 4370 4370

4405 4426 4364

4825 4846 4784

2893 2897 2881

3139 3152 3149

2893 2897 2881

3139 3152 3149

4409 4415 4692

4409 4415 4692

4310 4279 4346

4708 4686 4800

4310 4279 4346

4708 4686 4800

4698 4771 4900

4976 5058 5200

SML PICKUP

SML PICKUP

SML PICKUP

SML PICKUP

IGE PICKUP

IGE PICKUP

IGS PICKUP

IGE PICKUP

IGE PICKUP

IGS PICKUP

IGS PICKUP

IGE PICKUP

IGE PICKDP

IGE PICKUP

IGE PICKUP

IGS PICKUP

SML SUV

SML SOV

SML SOV

SML SUV

IGS SUV

IGE SUV

IGE SUV

IGS SUV

IGS SUV

IGS SUV

IGE SUV

IGE SUV

. 3732 3755 3755

5095 5095 5094 5178

5435 5435 5446 5630
3681 3675

3824 3854

3851 3980

. 3785

3841 3879

4012 4046

4459

4917

4850

5048

5150

5377

5389

5689

3432

4030

3432

4030

4364 4364

4784 4784

3755 118.

5005 168.

5630 168.

3675 102.

3854 102.

3980 102.

3785 102

3879 111

4046 111

4459 138

4917 136

4850 138.

5048 138.

5150 138.

5377 138.

5389 138.

5689 138,

2918 108

2955 108

3208 125

3250 125

3979 112

3979 112

9

4

4

,1

,1

.1

.1

.9

.9

.0

.0

.0

.0

.0

0

0

0

0 114

.0 114

. 60.7

. 65.5

. 66.5

. 58.5

. 58.5

. 58.5

. 58.5

. 58.5

. 58.5

. 69.0

. 69.0

. 69.0

. 69.0

. 69.0

. 69.0

. 69.0

. 69.0

.0 55.9

.0 56.9

. 55.9

. 56.9

. 108.3 122.

. 108.3 122.

. 108.3 122.

. 108.3 122

. 117.5 155

. 117.5 155

. 117.5 155

. 117.5 155.

. 131.5 155.

. 131.5 155.

. 131.5 155.

. 131.5 155.

. 131.5 155,

. 131.5 155

. 131.5 155

. 131.5 155

3198 100.5

3512 100.5

3198 100.5

3512 100.5

. 106.5

. 106.5

. 129.5

. 129.5

. 129.5

. 129.5

. 129.5

. 129.5

9 54.4

9 55.9

9 54.4

,9 55.9

5 63.5

.5 63.5

.5 63.5

.5 63.5

.5 66.9

.5 66.9

.5 66.9

.5 66.9

.5 66.9

5 66.9

,5 66.9

.5 66.9

. 55.9

. 55.9

. 55.9

. 55.9

. 67.3

. 67.3

. 63.5

. 66.5

. 63.5

. 66.5

. 63.5

. 66.5

4364 4364

4784 4784

2870 3030

3156 3319

2B70 3030

3156 3319

4703 4550

4703 4550

4346 4433

4800 4675

4346 4433

4800 4675

4900 4900

5200 5200

3100 3189 3186

3400 3481 3486

3100 3189 3166

3400 3481 3486

4540 4507

4540 4507

4433 4433

4675 4800

4433 4433

4675 4800

4S00 4900

5200 5200

254



Make-Madel Nane 03 NM2 TRKTYP
WT35 WT36 WI87 WT8B WI89 WI90 WI91 WI92 WT93 WHLSS WBIN3 TRAK

GMC CR20 SUBRB -91

GMC KV20 SUBRB -91
CHEV ASTRO CARGO

CHEV ASTRO PASSGR

CHE ASTRO CRGO XTD
CHE ASTRO PSGR XTD
CHE ASTRO CRGO 4X4
CHE ASTRO PSGR 4X4

CHE ASTR CRG XT4X4

CHE ASTR PSG XT4X4

GMC SAFARI CARGO

GMC SAFARI PASSGR

GMC SAFRI CRGO XTD

GMC SAFRI PSGR XTD
GMC SAFRI CRGO 4X4
GMC SAFRI PSGR 4X4

GMC SAFR CRG XT4X4

GMC SAFR PSG XT4X4

CHEVY VAN G10

CHEV SPORTVAN G10

CHEVY VAN G20

GMC VANDURA 1500

GMC RALLY 1500

GMC VANDURA 2500

CHEV SPORTVAN G20

CHEVY VAN G30

CHEV SPORTVAN COO

GMC RALLY 2500

GMC VANDURA 3500

GMC RALLY 3500

CHEV EL CM-UNO

GMC CABALLERO

CHV CR20 4D PU -91

CHV KV20 4D PU -91

CHV CR30 4D PU -91

CHV KV30 4D PU -91

GMC CR25 4D PU -91

GMC KV25 4D PU -91

GMC CR35 4D PU -91

GMC KV35 4D PU -91

CHEV S10 88-

CHEV T10 88-

GMC SONOMA.

OC SONOMA 4X4

CHEVS10 MAXICAB

CHEVT10 MAXICAB

GMC SCNCMA MAXICAB

G4CS0NCMA4X4 XCAB

CHEV O.0 PU 88-

CHEV K10 PU 88-

GMC CL500 PU 88-

GMC KL500 PU 88-

7607 7714 IGE SUV 4698 4771 4900 4900 4900
7607 7715 IGS SUV 4976 5058 5200 5200 5200
7608 7616 SML VAN 3084 3078 3088 3088 3108
7608 7617 SML VAN 3492 3450 3450 3454 3586
7608 7644 SML VAN

7608 7645 SML VAN

7608 7646 SML VAN

7608 7647 SML VAN

7608 7648 SML VAN

7608 7649 SML VAN
7608 7716 SML VAN 3084 3078 3088 3088 3108
7608 7717 SML VAN 3492 3450 3450 3454 3586
7608 7744 SML VAN

7608 7745 SML VAN

7608 7746 SML VAN

7608 7747 SML VAN

7608 7748 SML VAN

7608 7749 SML VAN
7609 7618 IGE VAN 3734 3740 3743 3743 3743
7609 7619 IGE VAN 4100 4100 4076 4076 4076
7609 7620 IGS VAN 3815 3786 3796 3796 3796
7609 7718 IGE VAN 3734 3740 3743 3743 3743
7609 7719 IGE VAN 4100 4100 4076 4076 4076
7609 7720 IGS VAN 3815 3786 3796 3796 3796
7610 7621 IGE VAN 4277 4244 4259 4259 4259
7610 7622 IGS VAN 4405 4526 4453 4453 4453
7610 7623 IGE VAN 4730 4867 4773 4773 4773
7610 7721 IGE VAN 4277 4244 4259 4259 4259
7610 7722 IGE VAN 4405 4526 4453 4453 4453
7610 7723 IGE VAN 4730 4867 4773 4773 4773
7611 7624 PICKUP CAR 3234 3234 3234
7611 7724 PICKUP CAR3234 3234 3234
7612 7625 IGE PICKUP 4775 4800 4800 4800 4800
7612 7626 IGE PICKUP 5195 5220 5220 5220 5220
7612 7627 IGS PICKUP 4850 4900 4900 4900 4900
7612 7628 IGE PICKUP 5270 5320 5320 5320 5320
7612 7725 IGE PICKUP 4775 4800 4800 4800 4800
7612 7726 IGE PICKUP 5195 5220 5220 5220 5220
7612 7727 IGS PICKUP 4850 4900 4900 4900 4900
7612 7728 IGE PICKUP 5270 5320 5320 5320 5320
7613 7601 SML PICKUP . . • 2570 2648
7613 7602 SML PICKUP • 2919 3103
7613 7701 SML PICKUP . • 2570 2648
7613 7702 SML PICKUP • 2919 3103
7614 7629 SML PICKUP • 2690 2774
7614 7630 SML PICKUP . • 3039 3231
7614 7729 SML PICKDP • 2690 2774
7614 7730 SML PICKUP . . • 3039 3231
7615 7631 IGE PICKUP . . . 3661 3692
7615 7632 IGE PICKUP . 4096 4067
7615 7731 IGS PICKUP . . • 3661 3692
7615 7732 IGS PICKUP • • 4096 4067

255

4900 4900

5200 5200

3108 3554

3586 3909

3554 3616

3803 3993

3798 3856

4160 4182

3842 3917

4221 4259

3108 3554

3586 3909

3554 3618

3803 3993

3798 3856

4160 4182

3842 3917

4221 4259

3743 3792

4076 4150

3796 3836

3743 3792

4076 4150

3796 3836

4259 4481

4453 4510

4773 5077

4259 4481

4453 4510

4773 5077

. 129.5

. 129.5

3554 3554 111.0

3909 3909 111.0

3618 3618 111.0

3993 3993 111.0

3856 3856 111.0

4182 4182 U1.0

3917 3917 111.0

4259 4259 111.0

3554 3554 111.0

3909 3909 111.0

3618 3618 111.0

3993 3993 111.0

3856 3856 111.0

4182 4182 111.0

3917 3917 111.0

4259 4259 111.0

3860 3660 110.0

4208 4208 110.0

3887 3687 110.0

3860 3860 110.0

4208 4208 110.0

3887 3887 110.0

4540 4540 125.0

4572 4572 125.0

5097 5097 125.0

4540 4540 125.0

4572 4572 125.0

5097 5097 125.0

. 117.1

. 117.1

63.5

66.5

65.1

65.1

65.1

, 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

. 65.1

0 68.4

0 68.4

125.0 68.4

125.0 68.4

125.0 68.4

125.0 68.4

. 68.4

. 68.4

. 68.4

. 68.4

. 68.4

. 68.4

125.

125.

4871 4900

5343 5343

4871

5343

2648

3103

2648

3103

2774

3231

2774

3231

3692

4067

3692

4067

4900

5343

2671

3241

2671

3241

2793

3366

2793

3366

3692

4111

3692

4111

2665

3237

2665

3237

2826

3360

2826

3360

3718

4111

3718

Am

.5

.5

.5

.5

.5

.5

5

5

.3

3

3

3

,9

.9

.9

.9

.5

.5

.5

.5

. 164

. 164

. 164

. 164

. 164

. 164

. 164

. 164

2635 108

3235 106.

2635 108.

3235 108.

2834 122.

3367 122

2834 122

3367 122

3718 117

4111 117

3718 117

4111 117

66.9

66.9

66.9

66.9

66.9

66.9

66.9

66.9

54.4

55.9

54.4

55.9

54.4

55.9

54.4

55.9

63.5

63.5

63.5

63.5

117.9

117.9

117.9

117.9

131.5

131.5

131.5

131.5



Make-Model Nane

CHEV C20 PU 88-

CHEV K20 PU 88-

CHEV C30 PU 88-
CHEV K30 PU 88-

GMC C2500 PU 88'

GMC K2500 PU 88
GMC C3500 PU 88-
GMC K3500 PU 88-
CHE 0.0 XCAB 88-90
CHE K10 XCAB 86-90
CHE C20 XCAB 88-90

CHE K20 XCAB 88-90

CHEV C30 XCAB 88-

CHEV K30 XCAB 88-
GMC OS XCAB 88-90

GMC K15 XCAB 68-90
GMC C25 XCAB 88-90

GMC K25 XCAB 88-90

GMC C35 XCAB 88-
GMC K35 XCAB 88-

CHEVYVANG30 XTD

CHE SPRTVNG30 XTD

GMC VANDURA 35 XTD

GMC RALLY 3500 XTD

CHEV UMNA APV
CHEV APV CARGO VAN

nrng SUHOUbTlt!

PONT TRANS SPORT

CHEV CLO XCAB 91-

CHEV H.0 XCAB 91-

CHEV C20 XCAB 91-
CHEV K20 XCAB 91-

GMC CIS XCAB 91-

GMC KL5 XCAB 91-

GMC C25 XCAB 91-

GMC K25 XCAB 91-

CHEV S BLAZER 4DR

CHVS BIAZR4X4 4D

GMC S JIMMY 4DR
GMC S JDMf 4X4 4D
nrnfi BRAVADA

CHEV (30 4DR 92-

CHEV K30 4DR 92-

GMC C35 4DR 92-
GMC K35 4DR 92-

CHEVK BLAZER 92-

GMC YUKON

CHEV 0.0 SUBRB 92-
CHEV KLO SUBRB 92-
GMC 00 SUBURB 92-
GMC KLO SUBURB 92-
CHEV C20 SUBRB 92

03 MM2 TRKTYP
WT35 WIB6 WT37 WT88 WIB9 WI90 WI91 WT92 WI93 WHIBS WBLN3 TRAK

7616 7633

7616 7634

7616 7635

7616 7636

7616 7733

7616 7734

7616 7735

7616 7736

7617 7637

7617 7638

7617 7639

7617 7640

7617 7641

7617 7642

7617 7737

7617 7738

7617 7739

7617 7740

7617 7741

7617 7742

7618 7650

7618 7651

7618 7750

7616 7751

7619 7652

7619 7667

7619 7801

7619 7901

7620 7653

7620 7654

7620 7655

7620 7656

7620 7753

7620 7754

7620 7755

7620 7756

7621 7657

7621 7658

7621 7757

7621 7758

7621 7802

7622 7660

7622 7661

7622 7760

7622 7761

7623 7662

7623 7762

7624 7663

7624 7664

7624 7763

7624 7764

7625 7665

IGE PICKUP

IGE PICKUP

IGS PICKDP

USE PICKUP

US PICKUP

IGE PICKUP

LGE PICKUP

US PICKUP

US PICKUP

IGS PICKUP

TflR PICKUP

IGS PICKUP

Tra PICKUP

IGE PICKUP

LGE PICKUP

LGE PICKUP

US PICKUP

US PICKUP

IGS PICKUP

LGE PICKUP

IGS VAN

US VAN

US VAN

US VAN

SML VAN

SML VAN

SML VAN

SML VAN

IGS PICKUP

US PICKUP

US PICKUP

US PICKUP

US PICKUP

US PICKUP

US PICKUP

US PICKUP

SML SUV

SML SUV

SML SUV

SML SUV

SML SUV

US PICKUP

US PICKUP

US PICKUP

US PICKUP

US SOV

US SUV

US SUV

us SUV

us SUV

US SUV

US SUV

66.9

66.9

66.9

66.9

66.9

66.9

66.9

66.9

. 66.9

. 66.9

. 66.9

. 66.

. 66.

. 66.

. 66.

. 66.

. 66.

. 66.9

. 66.9

. 66.9

. 68.4

. 68.4

. 68.4

. 68.4

. 59.8

.. 59.8

. 59.8

. 59.8

.5 66.9

.5 66.9

.5 66.9

.5 66.9

.5 66.9

.5 66.9

.5 66.9

5 66.9

55.9

55.9

55.9

55.9

55.9

66.9

66.9

66.9

66.9

3933 3909

4284 4238

4424 4349

4783 4733

3933 3909

4284 4238

4424 4349

4783 4733

4074 4091

4520 4522

4223 4185

4579 4552

4693 4625

5061 5022

4074 4091

4520 4522

4223 4185

4579 4552

4693 4625

5061 5022

4003 4023 4023 131.5
4352 4384 4384 131.5
4500 4636 4636 131.5
4875 5042 5042 131.5
4003 4023 4023 131.5
4352 4384 4384 131.5
4500 4636 4636 131.5
4875 5042 5042 131.5

. 155.5

. 155.5

. 155.5

. 155.5

4850 4981 4981 155.5
5150 5290 5290 155.5

. 155.5

.155.5

. 155.5

. 155.5

4850 4981 4981 155.5
5150 5290 5290 155.5
4783 4852 4852 146.0
5527 5635 5635 146.0
4783 4852 4852 146.0
5527 5635 5635 146.0

3495 3558 3558 109.8
. 3370 3370 109.8

3648 3735 3735 109.8
3514 3599 3599 109.8
4051 3998 3998 141.5 155.
4450 4426 4426 141.5 155
4161 4131 4131 141.5 155
4482 4481 4481 141.5 155
4051 3998 3998 141.5 155
4450 4426 4426 141.5 155
4161 4131 4131 141.5 155
4482 4481 4481 141.5 155

, 3433 3312 3365 107.0
. 3721 3697 3748 107.0
. 3433 3332 3365 107.0
. 3721 3697 3748 107.0
. 3939 3939 4002 107.0

. 5279 5279 168.5

. 5652 5652 168.5

. 5279 5279 168.5

. 5652 5652 168.5

. 4676 4733 311.5

. 4676 4733 111.5

. 4701 4701 131.5

. 5169 5169 131.5

. 4701 4701 131.5

. 5169 5169 131.5

. 5123 5123 131.5

3909

4238

4349

4733

3909

4238

4349

4733

4091

4522

4185

4552

4696

5022

4091

4522

4185

4552

4696

5022

4643

5443

4643

5443

3495

3600

3553

.9

.9.

.9

.9

.9

.9
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Make-M3del Name CG MC TRKTYP

CHEV K20 SUBRB 92- 7625 7666 IGE SUV
GMC C20 SUBURB 92- 7625 7765 US SUV
GMC K20 SUBURB 92- 7625 7766 IGE SUV

WIB5 WT36 WI87 WT38 WT89 WT90 WI91 WI92 WI93 WHLBS WBLN3
5535 5535 131.5
5323 5123 131.5

5535 5535 131.5

VW VANAGON

VW VANAGCN CAMPER

8001 8001 SML VAN

B001 6002 SML VAN

3270 3270 3460 3460 3460 3460 3460
3432 3432 3622 3622 3622 3622 3622

. 96.9

. 96.9

. 101.4

. 101.4

. 110.8

. 110.8

. 110.8

. 110.8

2740 104.3

3300 104.3

2810 116.1

2835 116.1

3410 116.1

3430 116.1

. 104.3

. 104.3

3520 104.3

3795 104.3

. 92.5

3979 112.2

NISS PU SHORT -86 8101 8101 SML PICKUP 2619 2619
NISS EU 4X4 SH -86 8101 8102 SML PICKUP 3049 3049
NISS PU IOC -86 8102 8103 SML PICKUP 2701 2701
NISS EU KN3CAB -86 8102 8104 SML PICKUP 2720 2720
NIS PU 4X4 IN3 -86 8102 8105 SML PICKUP 3131 3131
NTS PU 4X4 KCB -86 8102 8106 SML PICKUP 3131 3134
NISS EU SHORT 86- 8103 8107 SML PICKUP •271S
NISS EU 4X4 SH 86- 8103 8108 SML PICKUP .3270
NISS EU ICN3 86- 8104 8109 SML PICKUP .2795
NISS PU KNGCAB 86- 8104 8110 SML PICKUP .2835
NTS PU 4X4 1N3 86- 8104 8111 SML PICKUP .3370
NIS PU 4X4 KCB 86- 8104 8112 SML PICKUP .3480
NTS PIHFNDR 2D 4X4 8105 8113 SML SUV
NISS PATHFINDER 2D 8105 8115 SML SUV
NISS PATHFINDER 4D 8105 8116 SML SOV
NIS PIHFNDR 4D 4X4 8105 8117 SML SUV
NISS VAN 8106 8114 SML VAN
NISSAN QUEST 8107 8118 SML VAN

2715 2715

3270 3275

2795 2785

2835 2825

3370 3385

3480 3400

3500 3735

2715 2715

3275 3275

2785 2785

2830 2830

3385 3385

3405 3405

3735 3810

3520 3520

. 3520

. 3798

3330 33303265 3330

2740 2740

3300 3300

2610 2810

2835 2835

3410 3410

3430 3430

3520 3520

3798 3795

ISUZ PUP SHORT -87 8201 8201
ISU PUP 4X4 SH -87 8201 8202
ISUZ PUP LONG -87 8202 8203
ISU PUP 4X4 IN -87 8202 8204
ISU PUP SPACAB -87 8202 8206
ISU PU4X4 SPCAB-87 8202 8207
ISUZ TROOPER II 8203 8205
ISUZ PUP SHORT 88- 8204 8208
ISUPUP 4X4 SH 88- 8204 8209
ISUZ PUPLONG 88- 8205 8210
ISU PUP 4X4 IN 88- 8205 8211
ISU PUP SPACAB 88- 8205 8212
ISU PU4X4 SPCB 88- 8205 8213
ISUZ 1 TON EU LONG 8205 8214

ISUZ AMIGO 8206 8215

ISUZ AMTGO 4X4 8206 8216
ISUTRCOPER2 SHORT 8207 8217
ISUZU RODEO 8208 8218
ISUZURODEO 4X4 8208 8219

ISUZ'1MJUMER 4DR 8209 8220

ISUZ TROOPER 2DR 8210 8221

SML PICKUP 2410

SML PICKUP 2651

SML PICKUP 2504

SML PICKUP 2745

SML PICKUP

SML PICKUP

SML SUV 3017

SML PICKUP

SML PICKUP

SML PICKUP

SML PICKDP

SML PICKDP

SML PICKUP

SML PICKUP

SML SUV

SML SUV

SML SUV

SML SUV

SML SUV

SML SUV

SML SUV

2410

2795

2560

2935

2580

2955

3246

2410

2795

2560

2935

2580

2955

3246 3500

2620

3125

2720

3225

2910

3305

2850

3600

2625

3130

2725

3230

2915

3310

2855

2950

3265

3575

2625

3130

2725

3230

2915

3310

2855

3000

3285

3500

3725

4155

3600 3650

2625 2625

3130 3130

2725 2725

3230 3230

2915 2915

3310 3310

2855 2855

2985 2985

3265 3265

3575

. 3500

. 3725

104.3

104.3

117.9

117.9

117.9

117.9

104.3

105.6

105.6

119.2

119.2

119.2

119.2

119.2

91.7

91.7

90.6

108.7

108.7

108.7

91.7

2700

3215

2810

3300

3000

3400

2900

3000

3400

3535

3770

4210

4060

MAZDA PU SHORT BED 8301 8301 SML PICKUP
MAZDA EU 4X4 SHORT 8301 8304 SML PICKUP
MAZDA PU LONG BED 8302 8302 SML PICKUP
MAZDA PU CAB PIUS 8302 8303 SML PICKUP

2650 2650 2660 2660 2660 2660 2660 2660 108.7
. 3190 3190 3190 3305 3305 3305 3305 108.7

2710 2710 2730 2730 2730 2730 2790 2790 117.5
2770 2770 2790 2790 2790 2790 2790 2790 117.5
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62.1

62.1

52.4

52.4

52.4

52.4

52.4

52.4

54.7

, 54.7

, 54.7

. 54.7

. 54.7

. 54.7

. 55.8

. 55.8

. 57.5

. 57.5

. 55.7

. 63.4

. 52.5

. 53.4

. 52.5

. 53.4

. 52.5

. 53.4

. 54.9

. 56.4

. 56.8

. 56.4

. 56.8

. 56.4

. 56.8

. 56.4

. 57.6

. 57.6

. 54.9

. 57.0

. 57.0

52.1

52.1

52.1

52.1



Make-Model Nane 06 MM2
TROTP WI85 WT86 WT37 WT88 WTB9 WI90 WT91 WT92 WT93 WHLBS WBLN3 TRAK

MAZDA PU 4X4 LONG 8302 8305 SML PICKUP
MAZDA 4X4 CAB PUB 8302 8306 SML PICKUP
MAZDA MPV CARGO 8303 8307 SML VAN
MAZDA MPV WAGON 8303 8308 SML VAN
MAZDA MPV 4X4 WAGN 8303 8309 SML VAN

3225 3225 3225 3340 3340 3340 3340 117.5
3315 3315 3315 3430 3430 3430 3430 117.5

. 3199 3199 3199 3295 3295 110.4
'. . 3463 3459 3459 3515 3515 110.4

. 3920 3920 3928 4010 4010 110.4

SUBARU BRAT

TOYO EU SHORT 8501 8501 SML PICKUP
TOYO PU 4X4 SHORT 8501 8502 SML PICKUP
TCttD PU ICNG 8502 8503 SML PICKUP
TOYO PU 4X4 ICNG 8502 8504 SML PICKUP
1OY0 EU XTRACAB 8502 8505 SML PICKUP
TOYO EU 4X4 XTRCAB 8502 8506 SML PICKUP
TOYO 4HUNNER 4X4 8503 8507 SML SUV
TOYO 4RDNNER 8503 8515 SML SUV
TOYO PASSENGER VAN 6504 8506 SML VAN
TOYO CARGO VAN 8504 8509 SML VAN
TOYO PASGR VAN 4X4 8504 8512 SML VAN
TOYO CSRGO VAN 4X4 B504 8513 SML VAN
TOYO LANDCRDSR -90 8505 8510 US SUV
TOYO PU LCN3 XCAB 8506 8511 SML PICKUP
TOYO ICNG XCAB 4X4 8506 8514 SML PICKUP
TOYO IMJDCRUSR 91- 8507 8516 US SUV
TOYO PREVIA 8508 8517 SML VAN
TOYO PREVIA 4X4 8508 8518 SML VAN
TOYD T100 8509 8519 US PICKUP
TOYO T100 1 TON 8509 8520 US PICKUP
TOYO T100 4X4 8509 8521 US PICKUP

DODG RAM-50 PU -86 8601 7121 SML PICKUP 2430
DCDG RAM50 4X4 -86 8601 7122 SML PICKUP 3039
MTTS MKHnMAX -86 8601 8601 SML PICKUP 2500
MTTS MIMAX 4X4 -86 8601 8602 SML PICKUP 3037
DODG RAIDER 8602 7123 SML SUV
MTT MONTERO 2D -91 8602 8603 SML SUV 3260
DODG RAM-50 SH 87- 8603 7124 SML PICKUP
DOD RM50 4X4SH 87- 8603 7125 SML PICKUP
MTTS PU SHORT 87- 8603 8604 SML PICKUP
MTTS PU 4X4 SH 87- 8603 8605 SML PICKUP
DODG RAM-50 LCNG 8604 7126 SML PICKUP
DODG RAM50 4X4ICN3 8604 7127 SML PICKUP
DODG RAM-50 XCAB 8604 7128 SML PICKUP
DODG HAM50 4X4 XCB 8604 7129 SML PICKUP
MTTS EU LONG BED 8604 8606 SML PICKUP
MTTS PU 4X4 I£N3 8604 6607 SML PICKUP
MTIS PU MACRDCAB 8604 8608 SML PICKUP
MTTS PU 4X4 XTDCAB 8604 8609 SML PICKUP
MTTS CHRGO VAN 8605 8610 SML VAN
MTTS PASSENGER VAN 8605 8611 SML VAN
MET KKTERO 4D -91 8606 8612 SML SUV
MTT M3TCER0 4D 92- 8607 8613 SML SUV

8401 8401 PICKUP CAR 2245 2205 2205 96.3

103.0

103.3

112.2

112.2

H2.2

112.2

103.0

103.3

88.0

88.0

88.0

88.0

107.5

121.5

121.5

112.2

112.8

112.8

121.8

121.8

121.8

109.4

109.8

109.4

109.8

92.5

.5

.1

.5

.1

.5

.1

.5

.1

.5

.1

.5

2515 2515 2515 2565 2565
3040 3040 3040 3320 3320
2570 2555 2555 2725 2725
3140 3140 3140 3375 3375
2715 2715 2715 2740
3200 3160.3160 3390

3355 3305 3305 3605 3605

• • * , * •

2925 2995 2995 3020 3038

2825 2825 2825 2630 2851

3450 3450 3455

3275 3275 3320

4480 4480 4480 4480 4480

2570 2570 2815 2615

3480

2565

3320

2725

3375

2620

3335

2775

3360

2730

3335

2785

3360

2640

3335

2725

3360

3720

3590

3720

3590

3800

3740

3800

3740

4480

2815

3480

2900

3460

4597

3455

3670

2437

3039

2485

3083

3260

3175 3175 3115 3115

3260 3273 3200 3413 3413
2555 2555 2555 2555 2580

3020 3020 3020 3020 2985

2545 2545 2545 2545 2570
3030 3030 3030 3030 3030

2735 2735 2735 2735 2690
3325 3125 3125 3125 3285
2785 2795 2795 2795 2750
3175 3195 3195 3195 3350
2745 2788 2788 2788 2788
3130 3183 3138 3138 3138
2795 2815 2815 2815 2815
3180 3220 3220 3220 3220

,2910 2910 2910 2910
. 3285 3285 3285 3285

. 3781 3781 3924
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2915

3460

4597

3455

3670

2875

3530

4760

3535

3765

3350

3430

3845

. 92.

2580 2585 105.

2985 2995 105.

2570 2570 105.

3030 3030 105.

2690 2695 116.

3285 3295 116.

2750 2755 116.

3350 3360 116.

2788 2788 116.

3138 3138 116.

2815 2815 116.1

3220 3220 116.5

. 88.0

. 88.0

. 106.1

4130 4130 107.3

52.1

52.1

60.9

60.9

60.9

53.8

53.5

55.8

53.5

55.8

53.5.

55.8

56.2

56.2

, 55.9

. 55.9

. 55.9

. 55.9

. 58.2

. 53.5

. 55.8

. 62.5

. 61.4

. 61.4

. 62.6

. 62.6

. 62.6

. 53.1

. 54.6

. 53.1

. 54.6

. 55.0

. 55.0

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.4

. 55.6

. 5S.6

. 55.0



Make-Model Nane 03 »G TRKTYP WT35 WTB6 WTB7 WIB8 WIB9 WT90 WT91 WI92 WT93 WHIBS WBUC TRAK

SUZUKI SAMURAI 4X4 8701 8701 SMLSUV
SUZUKI SAMURAI 8701 8706 SML SUV
GEOTRACKER 4X4 8702 7643 SML SUV
GEO TRACKER 8702 7659 SMLSUV
SUZU SIDEKICK 2DR 8702 8702 SML SUV
SUZ SUKICK 2D 4X4 8702 6703 SML SUV
SUZU SIDEKICK 4DR 8703 8704 SMLSUV
SUZ STDKICK 4D 4X4 8703 8705 SML SUV

DAIHATSU ROCKY 8801 8801 SML SUV

2100 2100 2100 2100 2100 2125 2125 2061 2061
. 1955 1995 1995

2250 2250 2250 2365 2365
. 2092 2189 2189

2134 2134 2134 2134 2134

2200 2200 2200 2200 2200
. 2590 2590 2590

. 2660 2660 2660

2794 2800 2800
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79.9

79.9

86.6

86.6

86.6

86.6

97.6

97.6

85.6

51.4

51.4

55.0

55.0

55.0

55.0

55.0

55.0





APPENDIX F

SUMMARY AND RESPONSE TO TRB's

RECOMMENDATIONS ON THE DRAFT REPORT

A draftreport on the Relationships between Vehicle Size andFatality Risk was completed in
October 1995. Becauseofthe complexity and the highpublic interest in the issueofvehicle size
and safety, NHTSA arranged for a peerreview ofthe draftreportby a panel ofexpertsunderthe
auspices ofthe Transportation Research Board(TRB) ofthe National Academy of Sciences.
The panel completed its review in June 1996. The chairman, D. Warner North, submitted the
panel's findings and recommendations in a letter, dated June 12,1996, from the Transportation
Research Board to Ricardo Martinez, M.D., the NHTSA Administrator. That letter, and its
accompanying AppendixB - Technical Issuesrecommended a numberof supplementary analyses
to validate or clarify the material in the October 1995 draft. This report hasbeen revised to
address the principal concerns raised by TRB. Here is a list ofissuesraised by TRB in their peer
review, describing TRB's critique and recommended remedies - and, in response, the analyses
that were used to address the issue, and the location ofthe analyses in this revised report.

CONFIDENCE BOUNDS TRB recommended thattheprincipal estimatesofthe change in
fatalities or injuries, per 100-poundweight reduction, should be statedas intervalestimates, i.e.,
with confidence bounds. Otherwise, readers might attach to theestimates a level ofcertainty
that is notwarranted bythedata. Additionally, TRB cautioned that themulti-step estimation
procedure usedin thereport couldintroduce additional sampling or nonsampling error; they
recommended that theconfidence bounds make roomfor the possibilityofadditionalerror.

RESPONSE The October 1995 draft included analyses ofthe statistical significance and relative
errorofthe regressioncoefficients for vehicle weight. These analyses have been extended to

. develop confidence bounds for the estimated change in fatalities per 100-pound weight
reduction. The bounds are shown in Section 6.3 ofthis report and in its Executive Summary.
Similar confidencebounds were computed and addedin the reports on nonfatal injuries.
NHTSA's revised summaryreport on the "Relationship ofVehicle Weight to Fatality and Injury
Risk in Model Year 1985-93 Passenger Cars and Light Trucks" shows all ofthese confidence
bounds. In recognitionofthe possibility that the estimation procedure could have introduced
additional sampling or nonsampling error, we have used 2-sigmaand 3-sigmaconfidence
bounds, rather than the 1.645-sigma bounds typicallyemployed in NHTSA evaluations. Even
with the 3-sigmabounds, it is clearthat overall fatality risk increases as passenger carsget
lighter. The effect oflight-truck weight on overall societal fatality risk is not statistically
significant.

EFFECT OF DRIVER AGE Fatality riskpermillion vehicleyearscanbefar more sensitive
to driver age than vehicle weight. Although the analyses in the draft report attempted tocontrol
for driver age, TRB was concernedabout the complexprocedure used to develop the driver-age

261



coefficients: moderate errors in those coefficients, or in the way that the model isformulated,
couldgreatly distort the size-safety effectspredicted by the model.

RESPONSE While it istrue that fatality risk decreases sharply for each year that drivers get
older, from age 16 to about 35, risk again begins to increase sharply after age 45-55 in many
types'of crashes. Thus, the overrepresentation ofyoung drivers in small cars is at least partially
offset by the overrepresentation ofold drivers in large cars. Aprincipal revision ofthe draft
report is the addition, in Section 6.4, ofsensitivity tests on the coefficients for driver age and
gender. The coefficients in the baseline model were changed to other values - ranging from zero
todouble the baseline values. These very large alterations in the driver-age coefficients did not
dramatically change the model's estimate ofthe weight-safety effert: itstayed within the
sampling error bounds ofthe baseline model.

DRIVERAGGRESSIVENESS; HORSEPOWER TRB believes that more aggressive drivers
tend to drive smaller cars (even after controlfordriver age), because small cars are more sporty
andpowerful. To that extent, the higherfatality ratesfor smaller cars reflect the characteristics
ofthe drivers, not an inherently lower level ofsafety in the cars. TRB recommendedrerunning
the analyses excluding make-models known to be associated with aggressive driving andrisk-
taking behavior: that wouldat leastpartially controlfor the driver aggressivenessfactor.

RESPONSE The "typical" small car isno longer a sports car. In today's vehicle fleet, the
make-models usually associated with high performance, high horsepower, oraggressive driving
are generally not small, but are typically of average oreven slightly heavieMhan-average
weight. Exclusion ofthose models from the analyses can be expected to augment rather than
dampen the observed weight-safety trend. This is precisely what happened in various sensitivity
tests described in Section 6.5 ofthe revised report. However, the augmented weight-safety
efferts estimated inthe sensitivity tests were still within theconfidence bounds ofthe baseline
estimate.

INDUCED EXPOSURE DATA BASE TRB noted that the customary definition of "induced
exposure "has been non-culpable crash involvements; the validity ofthose crashes asa measure
ofexposure has been established TRB does not believe the draft reportpresentedadequate
justificationforlimiting induced exposure to stationary non-culpable crash involvements. The
number ofstationary involvements on rural, high-speedroads isquite limited, and that could
add errors toanalyses offatality risk onthose roads.

RESPONSE TRB's critique of stationary non-culpable involvements, especially their
infrequency onrural, high-speed roads, seems reasonable. It would have been better to use the
customary definition ofinduced exposure. It should benoted, however, that theanalyses using
induced exposure (Chapters 2-4) are notthebasis for thereport's estimates and conclusions
about theweight-safety effect. Theyonly enter peripherally, asabasis for estimating the
coefficients for driver age and gender. As shown inthe sensitivity testsof Section 6.4, the
weight-safety effects are not overly sensitive to changes inthe driver age and gender
coefficients.
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MODEL FORMULATION AND VALD3ATION The draft report employs a modelthat
assumes that the logarithm ofthefatality rate hasa linear relationship to vehicle weight, andto
other control variables. TRB recommended, as a minimum, an examination ofthe residuals to
testthe validity ofthe assumption oflinearfit.

RESPONSE Section 6.6 examines the relationship between vehicleweight and the logarithm of
the fatality rate (after adjustingfor all other control variables), and it generallyfinds a very good
linear fit, with little or no evidence ofnonlinearity.

NON-UND70RM WEIGHT REDUCTIONS TRB believesthat theeffectofvehicle weight
reduction onsocietalriskdepends onhow the reduction is distributedacrossthefleet: it is better
toreduce the weight oflarge carsor light trucks than toreduce the weight ofsmallcars. TRB
recommendedsensitivity tests tosee what wouldhappen ifweight reductions were primarily
appliedto thelargercars, rather thanfleetwide.

RESPONSE The draft report already concluded that a weight reduction in lighttruckswould
havelittleeffecton societal risk, and might evenresult in a small benefit. The revised report
includes, in Section 6.7, sensitivity tests estimating that the increase in societal riskwouldbe
smaller if the weight reduction wereconcentrated on the heaviest 20 percent of cars, rather than
applied equally to all cars. However, the diminished weight-safety effert estimated in the
sensitivity test was within the confidence boundsofthe baseline estimate.
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