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Executive Summary

OBJECTIVE

Quantify the aggressivity of LTVs - sport utility vehicles, vans, and pickup trucks - in
collisions with cars. Determine the effect of selected characteristics of LTVs (and as
baseline also those of cars) in collisions with cars on the car driver's fatality risk.
Studied were vehicle weight, the height of the center of force, and static and dynamic
front stiffness, as measured in crash tests.

DATA
To calculate fatality risks, fatality counts from FARS, and involvement estimates from

NASS GES for the years 1991-97 were combined. Because some vehicle information
is systematically missing in NASS GES, the data bases had to be made statistically

compatible.

CONFOUNDING FACTORS

Several factors have a strong influence on the fatality risk in collisions. Their effects
have to be separated from those of vehicle parameters. A model was developed to do
this to some extent. It included the ratio of the colliding vehicles’ weights, and the

speed limit as a rough indicator of impact speed.

TYPES OF COLLISIONS
Studied were all collisions involving a car and one of the LTV types, and separately also
front-front, front-left, and front-right collisions, where the vehicle struck in the side was a

car.

COMPARISON OF VEHICLE TYPES

After controlling for the two confounding factors, a car driver's fatality risk in collisions
with a sport sport utility vehicle was 3.4 times as high as in collisions with a car of equal
weight, in collisions with a van 2.3 times, and in collisions with a pickup truck 1.9 times
as high. In front-front collisions, the corresponding factors were 6.4, 4.2, and 3.6.

EFFECTS OF VEHICLE PARAMETERS

If one does not distinguish striking vehicles by class, the car driver's fatality risk
increases with each of the vehicle characteristics studied. Distinguishing vehicle
classes reveals that this is primarily an effect of differences between the LTV classes.
Within the LTV classes, no strong effects of vehicle characteristics were apparent. For
sport utility vehicles and pickup trucks, weight , the height of the center of force, static
stiffness, and dynamic stiffness showed all positive relations with aggressivity. For
sport utility vehicles, the effect of weight appeared strongest, for pickup trucks that of
static stiffness. Within the class of vans, no clear effect appeared; some relations had

a negative slope.



COMPARING VEHICLE MAKE/MODELS

Each vehicle make/model has practically the same parameters, but make/models can
differ in important features other than the parameters used. This can confound the
effects of the studied parameters. Therefore, for make/models with sufficient case
numbers, the driver fatality risks in the cars they collided with were calculated. These
risks were analyzed in relation to the vehicle parameters.

For sport utility vehicles, a model for aggressivity containing vehicle weight and the
height of the center of force was developed fitted the data well. Stiffness alone also
gave a good fit, however, with the Isuzu Trooper as a far outlier. Reviewing the
correlations between the vehicle parameters showed that the effects of all parameters
could not be separated with the available data.

For pickup trucks, only a relation with weight appeared. Up to about 3000 Ibs of weight,
the aggressivity increased, at higher weights it increased only little, if at all.

For the van models with sufficient case numbers, differences in aggressivity were too
small to allow an analysis.

CONCLUSIONS
Strong differences in aggressivity were found between cars, and vans or pickup trucks -

but little between these two classes. The aggressivity of sport utility vehicles was
higher than that of the other two LTV types. The vehicle parameters used in this study
did not suffice to explain the differences between the vehicle types though they
appeared to have effects in sport utility vehicles. More vehicle parameters, or
modifications of those used, need to be studied to explain the largest part of the
aggressivity of LTVs.
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AOPVIN

FARS

NASS GES

LTV

NASS

NCAP

NHTSA

PSU
Suv

VIN

Abbreviations

A computer program which determines the type of occupant
restraint system by decoding the VIN, and other vehicle information

Fatality Analysis Reporting System (previously the Fatal Accident
Reporting System)

General Estimates System

Light Truck and Van, includes (sport) utility vehicles
National Automotive Sampling System

New Car Assessment Program

National Highway Traffic Safety Administration
Primary Sampling Unit

Sport Utility Vehicle, the same as utility vehicles in FARS and
NASS GES, body style codes 14-19

Vehicle Identification Number



1. Introduction

The fatality - and injury - risk to a vehicle occupant in a collision with another vehicle
depends on characteristics of both vehicles. Those of his or her vehicle determine its
«crashworthiness,” those of the other vehicle determine that vehicle’s, “aggressivity”.
Usually, aggressivity refers to a comparison of risks, for instance, the risk to a car
occupant in a collision with a car, and thatin a collision with a light truck.

Some analyses distinguish only broad classes of vehicles, such as cars, sport sport
utility vehicles, vans, and pickup trucks. That is only a gross qualitative distinction. Of
greater interest are analyses which determine relations between the risk and specific
vehicle parameters. In this study, the vehicle weight, the height of the center of force,
as measured in barrier tests, and the static and dynamic-stiffness, also measured in

such tests, were used.

This study was restricted to drivers, because information on other occupants is probably
not complete. Fatality risks to car drivers are estimated by the ratio of drivers killed to
drivers involved in collisions. Information on driver fatalities was obtained from FARS,
the Fatality Analysis Reporting System, information on drivers involved in collisions from
NASS-NASS GES, the National Automotive Sampling System General Estimates
System. The basic data files for these analyses were developed by the Volpe National
Transportation System Center for NHTSA. Several technical problems have to be
addressed when combining data from these separate sources. Some of them were
solved successfully, others could be dealt with only incompletely.

Fatality risks are influenced by many factors beyond the characteristics of the vehicles
involved. The differences of these confounding factors between collisions at least
increase the random variability of estimates. If such factors differ systematically, e.g.
between collisions of two cars, and collisions of a car and a sport sport utility vehicle,
then they can bias a comparison. To reduce these consequences, some control for
confounding factors is necessary. To control for all known confounding factors proved
to be beyond the scope of this study, but a limited model was developed. Collisions
between two cars served as baseline, and collisions between a car and a vehicle of
another class were compared with them, using the model to control for confounding
factors. The resulting, adjusted risk differences between car-car collisions and
collisions with another vehicle were used in the final analyses.

The analyses were performed at three levels. At the first, only classes of vehicles were
distinguished: sport utility vehicles, vans, and pickup trucks. At the second level,
vehicles were further distinguished by their weight, height of the center of force, and
static, and dynamic stiffness. At the third level, vehicles were aggregated by
make/model. At this level it was studied to what extent differences among
make/models could be explained by the parameters mentioned above.



2. Overview of the work

This section presents an overview of the work as it was done. There were some
deviations from the original plan when it became apparent that the planned approaches
could not be completed within the scope of the work.

2.1 Combining FARS and NASS GES

FARS is a census of all fatal motor vehicle traffic crashes in the U.S.. Detailed
information is collected from the police crash reports and other sources, and it is put
into a standard format by specially trained FARS analysts located in the states. There
are extensive quality checks. NASS GES is a data base containing information on
about 50,000 crashes per year. The crashes are selected from ali police reported
crashes in the U.S. according to a complex multilevel sampling plan. Information from
the police crash reports are coded in a standard format, which is to a large extent
identical or at least similar to that used by FARS. However, no collateral sources are
used, and the controls are not as strict as in FARS. Each NASS GES case has a
“weight” which essentially describes how many of all cases in the given year in the
entire U.S. it represents.

Thus, FARS and the weighted NASS GES cases are a conceptually validly matching
representation of all fatal, and of all crashes in the U.S. Therefore, one can calculate -
or more precisely, estimate - fatality rates for drivers, for right front seat occupants, etc,
for all vehicles together, for certain vehicle classes, for certain crash conditions, etc., by
selecting corresponding cases from all data sets.

While this is conceptually possible, there are some practical differences because not all
data elements in FARS and NASS GES correspond exactly to each other, and in NASS
GES sometimes data are missing which are available in FARS.

For this study, to exactly identify vehicles at the make/model level was critical. The only
way to achieve this is to decode the Vehicle Identification Number (VIN). In FARS for
nearly all vehicles, VINs are given. For vehicles in NASS GES, it is often missing.
Simply ignoring these cases would at least result in overestimating fatality risks. More
important is that systematically missing VINs can give biased estimates.

There is indeed a pattern: in the Southern NASS GES region (the same as the Census
region), VINs are nearly always given, in the North-East, they are nearly always
missing. These patterns, and those for the other regions were studied. As result, the
NASS GES cases from the regions South, Central, and West excluding California were
used, and the FARS cases from the corresponding states. This again resultedin a
statistically valid match.



To distinguish collision configurations such as front-front, front-left, etc., impact
locations on the vehicles are needed. FARS and NASS GES use codes which do not
correspond exactly to each other. Therefore, combinations of codes had to be studied
to find the best practical match.

2.2 Errors

Several kinds of errors have to be distinguished. Some are errors in the literal sense of
the word, such as misreading a character in a VIN, coding the body style of a sport
sport utility vehicle as a truck, and similar errors. Some of them are caught by the
consistency checks of the quality control process. The remaining ones have to be
ignored. They may increase the estimates of the other types of errors which are
obtained by statistical analyses. These gross errors are ignored in the following
discussion.

FARS is a census, therefore counts of crashes, of deaths, etc. of certain types are
exact, without an error. However, if in one year 10 deaths of a certain kind were
counted, in the next year 11, and in the third year 12, the question arises whether this
increase is “real”. To even ask this question requires that one considers crashes
random events. Consequently crash counts are treated as random numbers. This
allows an analysis to determine whether the trend 10, 11, 12 is unlikely to be a mere
chance fluctuation. With NASS GES, the primary error is due to the sampling of cases.
The sampling plan consists of a first level of stratified cluster sampling, a second level
of simple cluster sampling, and a third level of stratified systematic sampling. The error
of counts resulting from such a plan can be rigorously estimated, but the process is
tedious. Therefore, NHTSA has developed approximate error estimates for broad
classes of estimated counts.

These error estimates, however, deal with the error of the NASS GES estimates relative
to the actual nationwide numbers of crashes. As in the case of FARS, these actual
numbers have to be treated as random variables. The combination of the random
“grror”, and the sampling error is much more complex than the NASS GES sampling
efrror.

The combined errors of ratios of FARS counts to NASS GES estimates are even more
complex. A thorough study of this problem turned out to be far beyond the scope of this
project. Therefore, only heuristic estimates were attempted. They were based on the
approximate error estimates published by NHTSA, and additional assumptions.

2.3. Confounding factors

The fatality risk in a collision is influenced by many factors. The collision configuration
is an important one: the driver fatality risk is much larger if his vehicle is struck in the left
side, than if it is struck in the front at the same speed. Speed plays an important role,



primarily because both vehicles’ speeds determine, together with the ratio of their
weights, the velocity change which is a good predictor of fatality and injury risks. Ina
crash of a given physical severity, an older person is much more likely to die than a
younger person, and a person under the influence of alcohol is more likely to die than a
sober one (this effect is independent of the effect of alcohol on the collision risk, and on

the physical severity of the collision).

One effect of such factors is to increase the random errors of estimates. For instance,
the car with which pickup trucks of model A collide, their occupants, and collision
conditions, will differ from those in collisions involving pickup truck model B. Any
observed differences in fatality risks will be influenced by the effects of the confounding
factors, and by any differences in aggressivity. Differences in aggressivity can be better
recognized if one can control for confounding factors, or if one can obtain large
numbers of collisions where the effects of confounding factors tend to be reduced.

The latter, however, works only if there is no correlation between the types of vehicles
which collide. If, e.g. pickup truck A has a high percentage of young drivers, then
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