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EXECUTIVE SUMMARY

The National Highway Traffic Safety Administration’s (NHTSA) 1997 report on vehicle weight
and fatality risk estimated the effects of 100-pound reductions in light trucks and vans (LTVs)
and in passenger cars. In the 1997 report, statistical analyses of model year (MY') 1985-93
vehicles in calendar year (CY) 1989-93 crashes found little overall effect for a 100-pound
reduction in LTVs, but an increase of about 300 fatalities per year in cars. However, they also
produced the doubtful findings that vehicle weight reductions do not increase fatality risk in car-
to-car or LTV-to-LTV crashes and even reduce fatality risk in pedestrian crashes.

NHTSA took a good, hard second look at the subject, identified anomalies in the 1997 report,
and applied different analysis techniques to more recent crash data. This new statistical analysis
of MY 1991-99 vehicles in CY 1995-2000 crashes supersedes NHTSA’s 1997 report.

The new study expands the analyses by separately estimating the effects of 100-pound reductions
in heavy LTVs, light LTVs, heavy cars and light cars. It compares the fatality rates of LTVs and
cars, to quantify differences between vehicle types, given drivers of the same age/gender, etc. In
support of NHTSA’s research on car-LTV compatibility, it analyzes fatality rates in two-vehicle
crashes based on the mass and rigidity of each vehicle and the height mismatch between
vehicles.

Effects of 100-pound weight reductions on fatality rates

In MY 1991-99, and earlier, heavy vehicles had lower fatality rates per billion miles of travel
than lighter vehicles of the same general type. When two vehicles collide, the laws of physics
favor the occupants of the heavier vehicle (momentum conservation). Furthermore, heavy
vehicles were in most cases longer, wider and less fragile than light vehicles. In part because of
this, they usually had greater crashworthiness, structural integrity and directional stability. They
were less rollover-prone and easier for the average driver to control in a panic situation. In other
words, heavier vehicles tended to be more crashworthy and less crash-prone. Some of the
advantages for heavier vehicles are not preordained by the laws of physics, but were nevertheless
characteristic of the MY 1991-99 fleet. Offsetting those advantages, heavier vehicles tended to
be more aggressive in crashes, increasing risk to occupants of the vehicles they collided with.

The statistical analysis uses the Fatality Analysis Reporting System (FARS), R.L. Polk
registration data, State crash data and the National Automotive Sampling System (NASS).
Logistic regressions calibrate crash fatality rates per billion miles for model year 1991-99
vehicles during calendar years 1995-2000 — by vehicle weight, driver age and gender, urban/rural
and other factors discussed and quantified in this report: availability of air bags, ABS, or 4-wheel
drive; vehicle age; annual mileage; speed limit; day/night; wet/dry road; high/low State fatality
rate; and calendar year. “Crash” fatality rates include fatalities to occupants of the case vehicle,
occupants of the other vehicles it collides with, and any pedestrians. The key is to compare
fatality rates of heavy and light vehicles “on a level playing field” by adjusting for differences in
the age and gender of the drivers, the types of roads they travel, and the other factors. In each of
six crash modes that, together, account for over 96 percent of the nation’s crash fatalities, the
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analysis calibrates the average increase in the fatality rate for vehicles weighing W-100 pounds
relative to vehicles weighing W pounds, after controlling for driver age/gender and the other
factors — a cross-sectional analysis of the fatality rates of existing vehicles. (Throughout this
study, a vehicle’s “weight” is its “curb weight”: the actual weight of the vehicle with a full tank
of fuel and other fluids needed for travel, but no occupants or cargo.)

Table 1 shows the average fatality increase per 100-pound reduction in LTVs. As stated above,
the “fatality increase per 100-pound reduction” does not mean the effect of literally removing
100 pounds from a specific LTV. It is the average increase in the fatality rates of 1991-99
models weighing W-100 pounds relative to other 1991-99 models weighing W pounds, given
drivers of the same age/gender and equal values on the other factors. The analysis comprises
pickup trucks, SUVs, minivans and full-sized vans. The top half of Table 1 shows the effect in
light trucks weighing 3,870 pounds or more (this was the median weight of LTVs in MY 1991-
99, but the majority of trucks after MY 1995 were heavier). As curb weight decreased by 100
pounds, fatality rates increased by 2.5 to 3 percent in rollovers and fixed-object collisions. Fatal
crashes with pedestrians and heavy trucks were hardly affected. However, in collisions of heavy
LTVs with cars (where 83 percent of the crash fatalities were occupants of the cars) or with
other, usually lighter, LTVs, the 100-pound reduction resulted in a modest net benefit, because it
somewhat reduced risk to the occupants of the other vehicles.

In each crash mode, the percentage effects calibrated for MY 1991-99 vehicles were applied to
the baseline of all CY 1999 crash fatalities in the United States (all model years) to estimate the
annual net fatality change if the mix of LTVs weighing 3,870 pounds or more on the road that
year had averaged 100 pounds lighter — i.e., if the public had purchased fewer of the very heavy
LTVs and more of the make-models weighing not so much in excess of 3,870 pounds. The
increase in rollovers and fixed-object crashes was partly offset by the reduction in LTV-to-car
and LTV-to-LTV fatalities. The point estimate of the net change for all crash modes was an
increase of 71 fatalities, not statistically significant, as evidenced by the interval estimate ranging
from —156 to +241. The interpretation of these interval estimates will be discussed after the
presentation of all the results for LTVs and cars. The point estimate for the percentage change
was a nonsignificant increase of 0.48 percent. The results for the heavier LTVs suggest that
there may have been some weight above 3,870 pounds beyond which overall fatality rates tended
to increase, rather than decrease, as weight increased.

The lower half of Table 1 shows the effect in LTVs weighing less than 3,870 pounds. As curb
weight decreased by 100 pounds, fatality rates increased in every crash mode — although the
observed increases in collisions with pedestrians (1.24 percent) and with cars (1.13 percent) were
small and not statistically significant. In rollovers and collisions with fixed objects, heavy trucks
or other (usually heavier) LTVs, fatality rates increased substantially (3.15 to 6.98 percent) as the
weight of the “case” LTV decreased. The point estimate of the net change for all crash modes in
baseline CY 1999, per 100-pound reduction among the LTVs weighing less than 3,870 pounds,
was an increase of 234 fatalities per year (interval estimate: 59 to 296). The point estimate for
the percentage change was an increase of 2.90 percent.
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TABLE 1

FATALITY INCREASE PER 100-POUND WEIGHT REDUCTION, LIGHT TRUCKS

(Baseline = CY 1999 total fatalities, MY 1996-99/CY 1996-2000 fatality distribution)

LIGHT TRUCKS WEIGHING 3,870 POUNDS OR MORE

LIGHT TRUCKS WEIGHING LESS THAN 3,870 POUNDS

Annual
Baseline
Crash
Crash Mode Fatalities
Principal rollover 2,183
Fixed object 2,639
Ped/bike/motorcycle 2,043
Heavy truck 860
Car 5,186
Light truck < 3,870 1,010
Light truck 3,870 +* _ 784
OVERALL 14,705
Principal rollover 1,319
Fixed object 1,687
Ped/bike/motorcycle 1,148
Heavy truck 584
Car 2,062
Light truck < 3,870* 247

Light truck 3,870 + 1,010

OVERALL 8,057

* Assumes both light trucks in the collision were reduced by 100 pounds.

Effect (%) of

Point
Estimate

2.56
3.06
A3
.62

- .68
- 1.50
-3.00

48

3.15
4.02
1.24
591
1.13
6.98
3.49

2.90

100-Pound Reduction

Interval
Estimate

.81 to
1.41 to
1.56 to
1.61 to
1.79 to
3.20to
6.40 to

1.06 to

.64 to
1.71 to
1.26 to
3.10 to

92 to
1.92 to

.96 to

73 to

3.94
4.34
1.45
2.48

.06
-.17
-.34

1.64

4.30
4.97
2.38
7.36
1.82
9.32
4.66

3.67

Annual Net

Point
Estimate

56
81
3
5
-35
- 15

-24

71

42
68
14
35
23

Fatality Change

Interval
Estimate

18 to

37 to
-32 to
- 14 to
-93 to
-32 to
-50 to

86
115
30
21
3
-2
-3

- 156 to 241

8 to
29 to
- 14 to
18 to
-19 to
5 to
10 to

57
84
27
46
38
23
47

59 to 296



Table 2 shows the average fatality increase per 100-pound reduction in passenger cars. The
regression analyses are based exclusively on data for 4-door cars, excluding police cars. During
MY 1991-99, only 24 percent of new passenger cars were 2-door models, and fewer than 1
percent of new 4-door cars were police cars. The upper section of Table 2 shows the effect in
cars weighing 2,950 pounds or more (close to the median curb weight of cars throughout MY
1991-99). As curb weight decreased by 100 pounds, fatality rates increased strongly in rollovers
(4.70 percent), decreased non-significantly in pedestrian crashes (0.62 percent reduction), but
increased moderately in all other crash modes (1.59 to 3.18 percent). In absolute terms, though,
the largest increase was in collisions with LTVs (83 per year). The point estimate of the net
change for all crash modes was an increase of 216 fatalities per year (interval estimate: 129 to
303). The point estimate for the percentage change was an increase of 1.98 percent. Those
estimates were somewhat weaker than the effects in light LTVs but much stronger than the
effects in heavy LTVs.

The lower section of Table 2 shows moderate-to-strong effects in every crash mode for cars
weighing less than 2,950 pounds. In rollovers and in collisions with heavy trucks and LTV,
fatality rates were 5 to 6 percent higher as cars got 100 pounds lighter. Even in pedestrian
collisions, fatality rates rose 3.48 percent. No such increase of pedestrian fatalities was seen in
the heavier cars or either group of LTVs. The point estimate of the net change for all crash
modes was an increase of 597 fatalities per year (interval estimate: 226 to 715), well over double
the increase in the heavier cars or the lighter LTVs. The point estimate for the percentage
change was an increase of 4.39 percent.

The strong increase in pedestrian fatalities for the lightest cars is surprising. At least at first
glance, the weight of the vehicle shouldn’t have had much effect on the fatality risk of
pedestrians. Perhaps, heavier vehicles were simply driven better, even after adjusting for the
drivers’ age/gender, urban/rural and other factors. For example, safety-conscious drivers might
have selected heavier cars because they considered them safer. Heavier cars, more expensive on
the average, might also have attracted higher-income owners with a more health-conscious, less
risk-prone lifestyle. This study, however, found that light and heavy 4-door cars, pickup trucks
and 4-door SUVs of MY 1991-99 all had remarkably similar incidence of high-risk driving
behavior: drinking, speeding, previous crashes, license suspensions, etc. (Two-door cars had
substantially higher-than-average incidence of high-risk driving behavior, but they were not
included in the data used to calibrate the weight-safety relationships.) NHTSA research suggests
that the geometry of small cars might, in fact, have increased the risk of serious injury to
pedestrians (shorter hoods, more head impacts with the windshield frame). Finally, small cars,
because they felt more maneuverable, might even have induced drivers to weave in traffic or take
other risks they would ordinarily have avoided in a larger vehicle.

We do not know how much of the observed effect in pedestrian crashes was due to self-selection
— better drivers picking bigger cars — but we are confident that much of the effect, quite possibly
even all of it was “real.” Thus, the maximum proportion that was self-selection may have been
as low as zero, but it was definitely less than 100 percent. In the absence of evidence supporting
any specific proportion between zero and 100 percent, this report takes the midpoint and assumes
at most half the observed effect in pedestrian crashes was due to self-selection.



TABLE 2

FATALITY INCREASE PER 100-POUND WEIGHT REDUCTION, PASSENGER CARS

(Baseline = CY 1999 total fatalities, MY 1996-99/CY 1996-2000 fatality distribution)

Effect (%) of
Annual 100-Pound Reduction
Baseline
Crash Point Interval
Crash Mode Fatalities Estimate Estimate

CARS WEIGHING 2,950 POUNDS OR MORE

Principal rollover 715 4.70 2.40 to 7.00
Fixed object 2,822 1.67 0.63 t0 2.71
Ped/bike/motorcycle 1,349 - .62 -1.83to .59
Heavy truck 822 2.06 .67 to 3.45
Car <2,950 1,342 1.59 .70 to 2.48
Car 2,950 +* 677 3.18 1.40 to 4.96
Light truck 3.157 2.62 1.74 to 3.50
OVERALL 10,884 1.98 1.19 to 2.78

CARS WEIGHING LESS THAN 2,950 POUNDS

Principal rollover 995 5.08 .87 to 7.55
Fixed object 3,357 3.22 25t04.45
Ped/bike/motorcycle 1,741 3.48 .22't0 5.00
Heavy truck 1,148 5.96 2.50 to 7.68
Car <2,950* 934 496 - .72t07.16
Car 2,950 + 1,342 248 - 36t03.58
Light truck 4,091 5.63 2.85t0 6.67
OVERALL 13,608 4.39 1.66 to 5.25

* Assumes both cars in the collision were reduced by 100 pounds.

xi

Annual Net

Fatality Change
Point Interval
Estimate Estimate
34 17 to 50
47 18 to 76
- 8 -25t0 8§
17 6 to 28
21 9to 33
22 9to 34
83 55to 110
216 129 to 303
51 9to 75
108 8 to 149
61 4 to 87
68 29 to 88
46 - 7to 67
33 - 5to 48
230 117 to 273
597 226 to 715



If so, self-selection also played a role in the other crash modes, not just pedestrian crashes.
Therefore, the interval estimates of this study include not only sampling error but also an
adjustment — up to half of the observed effect in pedestrian crashes — to account for possible
effects due to self-selection.

The interval estimates in Tables 1 and 2 (and also Table 4) are defined as follows: the upper
bound is the point estimate plus 1.96 standard deviations of sampling error (from various known
sources). The lower bound is the point estimate, minus 1.96 standard deviations of sampling
error, minus half the observed pedestrian effect (and, in Table 1, minus an additional allowance
for some uncertainty in the model formulation). The interval estimates are a tool for gauging
uncertainty, but they are not rigorous 95 percent confidence bounds. When the range in the
interval estimate includes zero, the point estimate can be called “not statistically significant.”
When the interval is entirely positive, or entirely negative, it provides some evidence that the
observed effect is “real” — the tighter the interval, the stronger the evidence — but the intervals are
not rigorous confidence bounds, as they would be, for example, in a simple, controlled
experiment.

Table 2, showing a strong increase in fatality risk per 100-pound reduction in cars weighing less
than 2,950 pounds, is based on an analysis including drivers of all ages. When the analysis was
limited to drivers age 60 or older, all the size-safety effects became even more severe, in some
crash modes more than double. That suggests older drivers had serious problems controlling the
lightest cars and/or that the crash environment in light cars in some way amplified older
occupants’ general vulnerability to injury.

The point estimates in Tables 1 and 2 are approximately linear and additive. If, in general,
vehicles weighing W-100 pounds had on the average 1 percent higher fatality rates than vehicles
weighing W, then vehicles weighing W-200 pounds would have had approximately 2 percent
higher rates than vehicles weighing W. The effect of reducing all LTVs by 100 pounds would
have been close to the sum of the effects of reducing LTVs over 3,870 pounds and under 3,870
pounds by 100 pounds each: 71 + 234 = 305.

This study estimates a substantially larger fatality increase per 100-pound weight reduction than
NHTSA’s 1997 report. A review of the 1997 report reveals flaws in the calibration procedure
leading to a systematic underestimate of the size-safety effect in every crash mode, for both
LTVs and cars. This study’s results supersede the 1997 report and, in particular, correct its
findings on car-to-car crashes. Table 2 now shows fatality risk in car-to-car crashes increased as
car weight decreased, consistent with intuition and most of the literature. The lighter cars had
higher crash involvement rates and higher fatality risk, given a crash, for their own occupants.
That more than offset the reduction in fatality risk of occupants in the “other” car.

In summary, Tables 1 and 2 suggest that the association between curb weight and fatality risk in

MY 1991-99 vehicles was weakest — in fact, nonsignificant — in the heavier LTVs. It was
strongest in the lighter cars.
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Fatal-crash and fatality rates by vehicle type, model years 1996-99

LTVs of the 1990’s included some models that had high rollover fatality rates per billion miles.
They also included models that, when they collided with other vehicles, the occupant fatality rate
was high in the other vehicle. These LTV models may be characterized as “rollover-prone
and/or aggressive vehicles.” The fatal-crash involvement rates and occupant fatality rates of
different vehicle types were compared on as “level a playing field” as possible, by adjusting for
differences in driver age/gender, annual mileage, vehicle occupancy (where appropriate),
distribution of the mileage by urban/rural, speed limit, and other vehicle, driver and
environmental factors — but not for vehicle weight.

The statistical approach, based on logistic regressions and data similar to the preceding analyses,
was to compare fatal-crash rates per billion vehicle miles for ten groups of model year 1996-99
vehicles during calendar years 1996-2000: four size groups of 4-door cars, three size groups of
4-door SUVs, two sizes of pickup trucks, and minivans. All vehicles were equipped with air
bags. Heavy-duty (200/300-series) pickup trucks and full-sized vans were not included in this
analysis. A single “prorated fatal-crash rate” per billion vehicle miles, comprising all crash
modes, was computed for each vehicle group, after adjustment for driver age/gender, urban/rural,
and other factors. The prorated fatal-crash rates included fatalities to occupants of the case
vehicle, occupants of the other vehicles it collided with, and any pedestrians. Each crash was
weighted by the number of fatalities; however, in order to prevent double-counting, the number
of fatalities in multivehicle crashes was divided by the number of cars/LTVs involved in the
crash (e.g., in a 2-vehicle crash, each vehicle was assigned half the crash fatalities).

Table 3 compares the average curb weights and the overall fatal-crash rates of the ten groups.
Groups that included numerous rollover-prone and/or aggressive vehicles in MY 1996-99 had
greater fatal-crash rates. For example, mid-size 4-door SUVs of model years 1996-99 had an
average fatal-crash rate of 13.68. Similarly, large SUVs and pickup trucks had higher fatal-crash
rates than some groups of cars or minivans. The four vehicle groups with the lowest overall
prorated fatal-crash rates in Table 3 were large cars (7.12), minivans (7.97), mid-size cars (9.46)
and large (100-series) pickup trucks (9.56). Very small 4-door cars had the highest rate (15.73).
However, by 1996-99, these cars only accounted for well under 1 percent of vehicle sales.
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TABLE 3

ADJUSTED FATAL-CRASH INVOLVEMENT RATES
PER BILLION CASE VEHICLE MILES, BY VEHICLE TYPE

(Case vehicles are MY 1996-99 light trucks and 4-door cars with air bags in CY 1996-2000,
adjusted for age/gender, rural/urban, day/night, speed limit, and other factors)

Average Prorated* Fatal
Curb Crash Involvements
Vehicle Type and Size Weight Per Billion Miles
Very small 4-door cars 2,105 15.73
Small 4-door cars 2,469 11.37
Mid-size 4-door cars 3,061 9.46
Large 4-door cars 3,596 7.12
Compact pickup trucks 3,339 11.74
Large (100-series) pickup trucks 4,458 9.56
Small 4-door SUVs 3,147 10.47
Mid-size 4-door SUVs 4,022 13.68
Large 4-door SUVs 5,141 10.03
Minivans 3,942 7.97

* Each fatal crash involvement by a case vehicle is weighted by: the number of crash fatalities
divided by the number of cars/LTVs involved in the crash.
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Furthermore, 1996-99 SUVs had higher fatality risk for their own occupants than large cars or
minivans. Here, for example, are drivers’ fatality rates per billion vehicle miles (adjusted for
driver age/gender, urban/rural, and other factors):

Driver Fatalities per

Billion Vehicle Miles
Very small 4-door cars 11.56
Small 4-door cars 7.85
Mid-size 4-door cars 5.26
Large 4-door cars 3.30
Compact pickup trucks 6.82
Large (100-series) pickup trucks 4.07
Small 4-door SUVs 5.68
Mid-size 4-door SUVs 6.73
Large 4-door SUVs 3.79
Minivans 2.76

The four vehicle groups with the lowest fatality rates for their own drivers were minivans (2.76),
large cars (3.30), large SUVs (3.79), and large (100-series) pickup trucks (4.07).

Table 3 shows the fatal-crash rate was lower for small 4-door SUVs (10.47) than for mid-size
4-door SUVs (13.68) in MY 1996-99. The drivers’ fatality rate per billion vehicle miles was
likewise lower in small SUVs (5.68) than mid-size SUVs (6.73). This was the only exception to
the customary trend, where larger size groups of the same vehicle type had lower fatal-crash
rates and occupant fatality rates.

A more detailed comparison of the fatality rates of small SUVs, mid-size SUVs and mid-size
cars of MY 1996-99 shows that rollovers and occupants of the “other” vehicle in 2-vehicle
crashes accounted for the higher risk of the SUVs. The small SUVs had much lower rollover
fatality rates than the mid-size SUVs, although still high compared to the cars. Similarly, the
fatality rate for occupants of other vehicles, per billion case-vehicle miles, was substantially
lower for the small-SUV case vehicles than for the mid-size SUVs, but still high compared to the
cars. By contrast, the fatality rates for the vehicles’ own occupants in non-rollover crashes, per
billion occupant miles, were fairly similar for the three types of vehicles, and actually lowest for
the mid-size SUVs:
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Fatalities per Billion Miles (Not Prorated)

Small Mid-Size Mid-Size
4-Door 4-Door 4-Door
SUVs SUVs Cars
Rollovers 1.06 2.71 .50
Occupants of other vehicles 3.44 4.46 2.55
Occupants of case vehicle, in non-rollovers 4.38 3.95 4.63

As stated above, LTVs of the 1990’s included numerous rollover-prone and/or aggressive
vehicles. However, by 1996-99, several new models of small 4-door SUVs with improved
rollover stability had been introduced. For example, one model was measured by NHTSA and
rated substantially more stable than most mid-size or large SUVs of the mid-1990°s. The above
statistics suggest that small 4-door SUVs of 1996-99 may have been the beginning of a new
generation of more stable, less aggressive vehicles with lower fatal-crash rates. This trend
appears to have continued and expanded since 1999, comprising entirely new designs such as
car-based “crossover” SUVs and less sweeping redesigns of existing LTVs. Indeed, rollover-
resistance ratings published by NHTSA in 2001 show new models of SUVs in all three size
groups with greater stability than the models they superseded. Also, new technologies such as
“blocker bars” have been introduced on some LTVs to make them less aggressive in collisions
with other vehicles.

Table 3’s adjusted fatal-crash rates for the ten groups of MY 1996-99 vehicles can be applied to
the baseline of all CY 1999 crash fatalities in the United States (all model years) to estimate the
annual change in fatalities if the mix of vehicle types on the road in 1999 had changed —i.e., if
the public had purchased more vehicles of one type and fewer of another. Table 4 estimates the
reduction in fatalities given nine hypothetical scenarios in which the MY 1996-99 vehicle mix
changed to more of one type of car or minivan and fewer of one type of SUV or pickup truck.
For comparison purposes, it also considers one more scenario: a change from very small 4-door
cars to small 4-door cars. It estimates what might have been the annual effect of a “one
percentage point change” in the vehicle mix. For example, during MY 1996-99, mid-size 4-door
SUVs accounted for 8 percent of new-vehicle sales, and large 4-door cars, 12 percent. Table 4
assumes MY 1996-99 vehicles constituted the entire on-road fleet and estimates the effect on
fatalities in baseline CY 1999 if the vehicle mix had instead consisted of 7 rather than 8 percent
mid-size SUVs and 13 rather than 12 percent large cars.

The first nine scenarios in Table 4 all combine a likely reduction in fatalities with a reduction in
vehicle weight. The point estimates of the fatality reductions in Table 4 range from 29 to 200
per year, per percentage point change in the vehicle mix. The reductions for the scenarios
involving changes from mid-size or full-size SUVs to cars or minivans have wholly positive
interval estimates. By comparison, the change from very small cars to small cars is estimated to
reduce fatalities by 156 (with a weight increase). Of course, all these estimates are specifically
for MY 1996-99, a time when numerous pickup trucks and SUVs were rollover-prone or
aggressive.
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TABLE 4

CHANGE IN FATALITIES PER YEAR

GIVEN A ONE-PERCENTAGE POINT CHANGE IN THE ON-ROAD FLEET
FROM MY 1996-99 SUVs AND PICKUPS TO CARS OR MINIVANS

(Baseline = CY 1999 total fatalities, MY 1996-99/CY 1996-2000 fatality distribution)

Point
Estimate

29

129

200

174

101
72

103

127
82

Fatality Reduction Per Year

Interval
Estimate

-72

79

140

130

27
17

- 57

- 65
- 80

to 64

to 152

to 220

to 201

to 133
to 111

to 163

to 194
to 161

Weight

Reduction

Versus Per Vehicle
Small 4-dr SUVs Mid-size 4-dr cars 86
Mid-size 4-dr SUVs Mid-size 4-dr cars 961
Large 4-door cars 426
Minivans 80
Large 4-dr SUVs Large 4-door cars 1,545
Minivans 1,199
Compact pickups Mid-size 4-dr cars 278
Large pickups* Large 4-dr cars 862
Minivans 516
Very small 4-dr cars Small 4-dr cars —364

*Large, standard-duty (100 series) trucks. Excludes heavy-duty 200/300 series pickup trucks.
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Car-light truck compatibility

NHTSA has been researching car-light truck compatibility since 1993. In collisions between
LTVs and cars, approximately 80 percent of the fatalities are occupants of the cars. The
objective is to reduce fatality risk in the car, without increasing risk in the LTV. That may
require increasing crashworthiness of the car, but it might be easier to accomplish by reducing
the aggressiveness of the LTV, or by a judicious combination of both. Of course, MY 1991-99
LTVs usually outweighed cars but, in addition, there were two sources of mismatch between
LTVs and cars that made the LTVs extra “aggressive” when they hit the cars:

e Structural incompatibility: the LTV’s front was more rigid than any part of the car

e Geometric incompatibility: the LTV’s front applied its force at a height above the car’s
structures designed to withstand force

The databases and logistic-regression analysis methods used to study vehicle weight and fatality
risk were also suitable for investigating car-LTV compatibility. Fatality rates in 2-vehicle
collisions, per billion miles of each vehicle, were calibrated as a function of the body type and
curb weight of each vehicle (MY 1991-99 in CY 1995-2000), the age/gender of each driver,
urban/rural location, speed limit, and other vehicle, driver and environmental factors. Once
again, the objective was to compare the fatality rates in car-to-car and LTV-to-car collisions on
as “level a playing field” as possible. The first goal was to quantify the extra aggressiveness of
MY 1991-99 LTVs relative to MY 1991-99 cars of the same weight. The analysis focused on
collisions where the struck vehicle was a car, and the striking vehicle was a car, pickup truck,
SUV or minivan. Table 5 shows how much the fatality risk of the driver of the struck car
increased when the striking vehicle was an LTV.

The first row of Table 5 evaluates left-side impacts to the struck car by the front of the striking
vehicle. Left-side impacts are the most dangerous for drivers, because they sit on the left. When
the striking vehicle was a passenger car of weight W, let us say the driver of the struck car had
fatality risk index 100. When the striking vehicle was a pickup truck of weight W, the fatality
risk of the driver of the struck car increased to 177. In other words, it was almost twice as
dangerous, on a per-mile basis, to be hit on the left side by a pickup truck as by a car of the same
weight as that pickup truck. When the striking vehicle was an SUV, the risk index was 235.
Even when the striking vehicle was a minivan, the risk index was 130, higher than when it was a
car. The risk indices for MY 1991-99 pickup trucks, SUVs and minivans were all significantly
higher than 100 in front-to-left impacts.

The second row of Table 5 considers head-on (front-to-front) collisions. Here, LTVs were much
less aggressive. The risk index for the driver of the struck car was significantly higher than 100
only when the striking vehicle was an SUV (132). Impacts by pickup trucks and minivans had
risk indices just slightly, and not significantly, above 100. When they hit cars on the right side or
rear, the aggressiveness of LTVs was higher than in head-on collisions, but not as high as when
they hit the car on the left side. The third row of Table 5 shows that risk indices for pickup
trucks and SUVs were both significantly above 100.

xviil



TABLE 5

AGGRESSIVENESS OF MY 1991-99 LTVs IN IMPACTS WITH MY 1991-99 CARS
AFTER ADJUSTMENT FOR THE STRIKING VEHICLE’S WEIGHT**

(Fatality risk index of the driver of the struck car, by striking vehicle type;
MY 1991-99 vehicles in CY 1995-2000 crashes)

Driver Fatality Risk Index in the Struck Car

Striking Vehicle’s by Striking Vehicle Type

Front Impacted

the Struck Car on the Car Pickup SUV Minivan
Left side 100 177* 235% 130*
Front (head-on collision) 100 114 132%* 104
Right side or rear 100 139* 162* 125
Anywhere 100 139* 171%* 116*

*Significantly greater than 100.

**For example, in a front-to-left impact, if the risk for the driver of the struck car was 100 when
the striking vehicle was a 3,500 pound car, the risk increased to 177 when the striking vehicle
was a 3,500 pound pickup truck.
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Combining all of the preceding crash modes, the last row of Table 5 shows that, overall, every
type of MY 1991-99 LTV was significantly more aggressive than a passenger car. All of these
indices apply specifically to MY 1991-99 vehicles and could change for more recent LTVs as
new technologies or designs are introduced to reduce aggressiveness in collisions.

The second analysis goal was to test for association between the aggressiveness of model year
1991-99 LTVs in crashes and physical parameters describing the structural rigidity and geometry
of the trucks. Two parameters were readily available, because NHTSA measures them during its
frontal crash tests in the New Car Assessment Program (NCAP). They are:

Frontal rigidity:  The average slope of the force-deflection profile maintained for at least 150
millimeters during the vehicle’s initial crush in an NCAP frontal impact with
the barrier.

Height-of-force: The average height-of-force measured by load cells set at various height levels
in the NCAP barrier. It is the weighted average of the effective height of the
applied force on the barrier face over the duration of the impact.

Association was tested by limiting the preceding logistic-regression analyses to crashes where
the striking vehicle was an LTV (and the struck vehicle was a car), and adding the two
parameters to the regression. In front-to-left impacts, there was a statistically significant
association between the driver’s fatality risk in the struck car and the difference in the heights-of-
force of the striking and struck vehicles: the greater the height mismatch between the LTV and
the car, the greater the fatality risk of the driver of the car. In head-on collisions, the LTV’s
frontal rigidity was significantly associated with the car driver’s fatality risk: the more rigid the
LTV, the greater was the fatality risk of the car driver.

The analyses accept as a given that model year 1991-99 LTVs were, on the average, more
aggressive than cars. These somewhat exploratory findings suggest that the LTVs with the
tallest and most rigid frontal structures were even more aggressive than the other LTVs.

These analyses of car-LTV compatibility are intended to supplement and corroborate, not
supersede NHTSA’s previous work on that subject. This study’s approach, based on fatality
rates per billion miles, controlling for each vehicle’s weight, each driver’s age and gender,
urban/rural, and other factors, helps compare fatality rates in car-car and car-LTV collisions “on
a level playing field.” On the other hand, the per-mile approach does not necessarily separate
crash-proneness from crashworthiness effects (a disadvantage here, although it was a plus in the
size-safety analyses). It is best to look at these results in combination with NHTSA’s previous
findings on car-LTV compatibility. In addition, the statistical findings that show an association
of these two parameters with extra aggressiveness of LTVs do not, by themselves, guarantee that
these two parameters “caused” the aggressiveness, or that they are the parameters that best
explain or measure aggressiveness. Crash testing with existing and, eventually, modified
vehicles is another essential step in learning what makes LTVs aggressive.
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Limitations of the analyses

This study is a cross-sectional analysis of the crash fatality rates per billion miles of real MY
1991-99 vehicles in CY 1995-2000: light, mid-size and heavy passenger cars, pickup trucks,
SUVs and vans. Statistical tools calibrated the relationships between vehicle weight and fatality
rates — the average increase for vehicles weighing W-100 pounds relative to vehicles weighing
W pounds — and the differences between cars and LTVs, after controlling for driver age/gender,
urban/rural, and other vehicle, driver and environmental factors. The results specifically
describe the performance of MY 1991-99 vehicles; the impact of new designs or technologies in
more recent vehicles will be revealed as they now accumulate on-the-road experience.

The analysis is not a “controlled experiment.” People are largely free to pick whatever car or
LTV they wish. Owner characteristics and vehicle use patterns can and do vary by vehicle
weight and type. This study adjusts for differences in age/gender, urban/rural driving, and other
factors, and tries to gauge uncertainty due to less tangible variations in “how well people drive.”
But, ultimately, we can never be sure that a 30-year-old male operating a large LTV on an urban
road at 2:00 p.m. in a Western State drives the same way as a 30-year-old male operating a
smaller LTV/light car/heavy car at a similar roadway, time and location. The interval estimates
in this study try to depict likely ranges of uncertainty in the principal findings, but rigorous “95
percent confidence bounds” do not apply here, as they would, for example, in a simple,
controlled experiment.
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CHAPTER 1

A NEW STUDY OF VEHICLE WEIGHT AND FATALITY RISK
AND CAR-LIGHT TRUCK COMPATIBILITY

1.1 The need for a new NHTSA study

In 1997, the National Highway Traffic Safety Administration (NHTSA) issued seven reports that
addressed vehicle weight and safety by statistically analyzing relationships between existing
vehicles’ curb weights and their fatality and injury rates in crashes.' One of the reports, a study
of vehicle weight and fatality risk, was NHTSA’s first attempt to estimate the effect of a 100-
pound reduction in each of the important crash modes, and to do this separately for light trucks
and passenger cars.” Calibrated from model year (MY) 1985-93 vehicles in calendar year (CY)
1989-93 crashes, the analyses found little overall effect for a 100-pound reduction in light trucks
and vans (LTVs), because increased fatalities of truck occupants were offset by a reduction of
fatalities in the vehicles that collided with the trucks, whereas a 100-pound reduction in cars was
associated with an increase of about 300 fatalities per year.

Unfortunately, the mere fact that the 1997 report addressed all crash modes did not necessarily
make its estimates correct. The 1997 report claimed that fatalities in car-to-car and LTV-to-LTV
crashes decreased as both cars or both LTVs were reduced in weight. That disagrees with
research and empirical data consistently showing that, at least in the past, heavy vehicles tended
to be more crashworthy and less crash-prone than light vehicles. The report’s conclusion that
vehicle weight reductions saved lives in pedestrian crashes is also questionable.

The most important reason for a new study is to take a good, hard second look at the methods of
the 1997 report and to revise or supersede them with techniques that more accurately fit the data.

Another reason for a new study is that the vehicle, crash and driver environment has changed in
six years. Since MY 1985-93 and CY 1989-93, LTVs have become more numerous and heavier;
belt use increased; there are more air bags and older drivers. New models were introduced and
old ones phased out.

! Kahane, C.J., Relationships between Vehicle Size and Fatality Risk in Model Year 1985-93 Passenger Cars and
Light Trucks, NHTSA Technical Report No. DOT HS 808 570, Washington, 1997; Partyka, S.C., Effect of Vehicle
Weight on Crash-Level Driver Injury Rates, NHTSA Technical Report No. DOT HS 808 571, Washington, 1996;
Partyka, S.C., Passenger Vehicle Weight and Driver Injury Severity, NHTSA Technical Report No. DOT HS 808
572, Washington, 1995; Hertz, E., The Effect of Decreases in Vehicle Weight on Injury Crash Rates, NHTSA
Technical Report No. DOT HS 808 575, Washington, 1997; Partyka, S.C., Patterns of Driver Age, Sex and Belt Use
by Car Weight, NHTSA Technical Report No. DOT HS 808 573, Washington, 1995; Partyka, S.C., Impacts with
Yielding Fixed Objects by Vehicle Weight, NHTSA Technical Report No. DOT HS 808 574, Washington, 1995;
Relationships of Vehicle Weight to Fatality and Injury Risk in Model Year 1985-93 Passenger Cars and Light
Trucks, NHTSA Summary Report No. DOT HS 808 569, 1997.

? Kahane (1997), op. cit.



The third motivation is to expand the analyses. The 1997 report estimated two numbers: the
effect of a 100-pound reduction in LTVs of any weight, and in passenger cars. The new study
separately estimates the effects of 100-pound reductions in heavy LTVs, light LTVs, heavy cars
and light cars. It compares the fatality rates of LTVs and cars, to quantify the differences in the
rates between vehicle types, given drivers of the same age/gender, etc. In support of NHTSA’s
ongoing research on car-LTV compatibility’, this study analyzes fatality rates in two-vehicle
crashes based on the mass and rigidity of each vehicle and the height mismatch between the
vehicles.

This statistical analysis of CY 1995-2000 crash data involving MY 1991-99 vehicles supersedes
NHTSA’s 1997 report on vehicle size and fatality risk.

1.2 Why heavier vehicles have usually had lower fatality rates

One safety factor, momentum conservation, is a direct consequence of a vehicle’s mass. Other
parameters, such as a vehicle’s length and width are naturally and historically (i.e., during 1968-
99), but not inevitably proportional to its mass. Most of those parameters favor the heavier
vehicle, making it physically, intrinsically safer than the light vehicle.

Some human factors of drivers are historically, but not intrinsically confounded with vehicle
mass. For example, young drivers historically have driven smaller cars®, but at least in theory,
they might at some future time prefer large cars. These factors could give heavy vehicles lower
fatality rates, but don’t make them intrinsically safer. The analysis should, as much as possible,
remove these factors and compare the fatality rates of heavy and light vehicles on a level playing
field, leaving only the physical factors that make heavy vehicles safer. Finally, there are in-
between factors where it is not so clear if the relationship with mass is intrinsic or coincidental.

Momentum conservation: When a heavy and a light vehicle collide, the heavy vehicle keeps
moving forward; its occupants experience a small velocity change. The light vehicle gets pushed
backward; its occupants experience a higher velocity change. These are consequences of the
laws of physics; nothing can be done to equalize the velocity changes. For example, in a head-
on collision, a 1 percent weight advantage corresponds to more than a 5 percent reduction in the
driver's fatality risk, relative to the driver of the other vehicle.’

What benefits an individual — being in the heavier of the two vehicles — however, does not
necessarily benefit society as a whole. Based on momentum considerations alone, the risk
reduction in Vehicle 1 as it becomes heavier is cancelled by a risk increase in Vehicle 2. If
momentum conservation were the only factor making heavier vehicles safer (it isn’t), overall
fatalities in multivehicle crashes would neither increase nor decrease if the entire vehicle fleet
were reduced in mass.

? Hollowell, W.T., Summers, S.M., and Prasad, A., NHTSA’s Research Program for Vehicle Aggressivity and Fleet
Compatibility, UK IMechE Vehicle Safety 2002 Conference, London, May 2002.

* For example, the database generated for this study suggests 34 percent of drivers of 4-door cars weighing less than
3,000 pounds are younger than 30, but only 15 percent of drivers of cars weighing over 3,000 pounds.

> See Section 6.1 of this report.



Momentum also enables a heavy vehicle to knock down, displace or brush aside medium-sized
fixed objects that would have brought a lighter vehicle to an abrupt stop.

Crashworthiness: Heavier vehicles have historically done a better job cushioning their occupants
in crashes. Their longer hoods and extra space in the occupant compartment provide an
opportunity for a more gradual deceleration of the vehicle, and of the occupant within the
vehicle. In the New Car Assessment Program, crash test results have been consistently better for
large cars, given the same 35 mph barrier impact.® While it is conceivable that light vehicles
could be built with similarly long hoods and mild deceleration pulses, it would probably require
major changes in materials and design and/or taking weight out of their engines, accessories, etc.

Structural integrity: Heavier vehicles have historically provided better protection against
intrusion by fixed objects, heavy trucks, etc. Doors, frames, pillars, roof rails, etc. are
thicker and stronger. Since the occupant compartment is larger, these structures also
have more room to deform.’

Rigidity/sill height/aggressiveness: A rigid structure can be helpful in many impacts with fixed
objects. High, strong side sills are important protection if the vehicle is struck in the side. But
high, rigid structure increases the risk to the occupants of other vehicles (aggressiveness), and
rigidity can also make the vehicle’s deceleration more abrupt in some impacts. The database
created in Section 6.2 of this report shows some correlation of rigidity and height-of-force with
curb weight in current vehicles, but a much stronger association these parameters with vehicle
type (some of the MY 1991-99 pickup trucks and SUVs were higher and more rigid than cars or
minivans of the same mass).

Mass mismatch: There is widespread belief that a collision between vehicles of similar mass is
safer than a collision of badly mismatched vehicles. If so, making the heaviest vehicles lighter,
and the lightest heavier, could reduce fatalities in crashes between passenger vehicles.
(However, analyses in Section 6.6 of this report do not show significantly higher fatality rates
per unit of exposure in crashes of 2,000 with 4,000 pound cars than in crashes of two 3,000
pound cars.)

Directional stability/ease of control: The preceding factors affect fatality risk, given that a crash
has occurred. There are also physical factors that tend to make heavier vehicles less crash-prone.
Heaver vehicles, with their typically longer wheelbases, are less prone to skid or spin out of
control in response to braking or steering input, or on an uneven road surface. They are more
likely to stay on the road.®

® Effect of Car Size on Fatality and Injury Risk, NHTSA, Washington, 1991.

" For example, Kahane, C.J., Evaluation of FMVSS 214 Side Impact Protection Dynamic Performance Requirement,
Phase 1, NHTSA Technical Report No. DOT HS 809 004, Washington, 1999, p. 64 shows a steady improvement of
side structure integrity as curb weight increases.

$ Malliaris, A.C., Nicholson, R.M., Hedlund, J.H. and Scheiner, S.R., Problems in Crash Avoidance and in Crash
Avoidance Research, Paper No. 830560, Society of Automotive Engineers, Warrendale, PA, 1983.



In theory, a sober, alert, expert driver might find a light vehicle more responsive, easier to brake
and steer away from trouble. Unfortunately, many drivers in fatal crashes are impaired,
unskilled, distracted, or at the very least caught off-guard in a panic situation. The quicker
response of light vehicles may give the average driver yet more opportunity to blunder.

Rollover stability: Heavier vehicles, historically, have almost always been wider than light
vehicles of the same class. As a result, they have a higher static stability factor’ and are
substantially less prone to rollover. While it is conceivable that light vehicles could be built just
as wide as heavy vehicles, it would presumably require new designs, materials and/or cutting
weight out of existing structures, accessories, etc.

Availability of safety equipment: During the 1990’s, air bags were often installed a year or two
earlier in the heavier vehicles (easier to install, possibly more consumer demand). Antilock
Brake Systems (ABS) were installed earlier on the larger, more luxurious vehicles and are still
infrequent on small, inexpensive cars.'’ Analyses should be able to control for those differences.

The above are physical factors that have historically or intrinsically influenced the fatality rates
in small vs. large vehicles. Here are some human factors of drivers that are confounded with
vehicle weight:

Driver age and gender: This report will present data showing that, historically, lighter vehicles
have somewhat younger drivers; heavier vehicles, especially heavy cars, older drivers. Small 4-
door cars are especially popular with female drivers. Large cars, LTVs generally, but pickup
trucks especially, are popular with male drivers.

Young and old drivers have far more fatal crashes per million years, or per billion miles than
drivers in the 30-50 age bracket (see Figure 3-15). Up to age 60, males have substantially
higher fatal crash rates than females. Young drivers’ inexperience and aggressiveness, older
drivers’ vision and vehicle-control problems, and male drivers’ aggressiveness/impairment all
contribute to high crash rates. The vulnerability of older occupants to injury further increases
their fatality rates.

Thus, the higher incidence of young drivers inflates the fatality rates of lighter vehicles, but the
higher incidence of female drivers (especially in small 4-door cars) reduces the rates. The
popularity of large cars with older drivers, and LTVs (especially pickup trucks) with males
inflates their fatality rates. It is imperative that the analyses control or adjust fatality rates to
compensate for differences in driver age and gender.

? Half the track width, divided by the center-of-gravity height.

19 ABS is effective in reducing certain types of crashes, but may be associated with increases of other types of
crashes at certain times; see Kahane, C.J., Preliminary Evaluation of the Effectiveness of Antilock Brake Systems for
Passenger Cars, NHTSA Technical Report No. DOT HS 808 206, Washington, 1994,
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Urban/rural: Fatality rates per billion miles are higher in rural areas.'' Pickup trucks are
especially common in rural areas (inflating fatality rates), while small cars are more
characteristically urban (deflating the rates).

The preceding human and environmental factors are readily measurable and can be controlled in
the analyses. However, there is another set of somewhat interrelated human factors, not easily
quantified, somehow related with vehicle weight and fatality risk. Briefly stated, heavier
vehicles may be driven better for a variety of reasons that are not clearly understood. These
factors are discussed in Sections 3.6 and 5.6 of this study, and may include:

Vehicle reputation/driver self-selection: Safety-conscious drivers might pick heavier vehicles
because they consider them safer. Also, vehicle brands and body-styles with an excellent
reputation for safety tend to attract safety-conscious drivers and, primarily because of this, have
exceptionally low fatality rates.'> These are often, but not necessarily, heavier vehicles.
Conversely, sporty and high-performance vehicles, especially 2-door cars, attract risk-prone
drivers and have high fatality rates. That could create a “self-fulfilling prophecy,” partially
explaining the lower fatality rates of heavier vehicles.

However, the analyses in Sections 3.6 and 5.6 will show that light and heavy 4-door cars, pickup
trucks and SUVs all have remarkably similar incidence of imprudent driving behavior: drinking,
speeding, previous crashes, license suspensions, etc. Only 2-door cars have substantially higher-
than-average incidence of imprudent driving behavior, and only minivans are lower than
average. In this study, 2-door cars will never be included in data used to calibrate the
relationships of weight and fatality risk in passenger cars.

Driver income/vehicle price: Heavier cars are usually, but not always more expensive than light
cars. Their owners are likely to have higher incomes, on the average. Higher income [and
education] has been associated with a more health-conscious, less risk-prone lifestyle. That may
include driving more prudently. (See discussion in Section 3.6.)

Smaller vehicles weave in traffic: It is possible that drivers of small vehicles are more likely to
weave around in traffic, change lanes, dart ahead of others or even take corners and curves faster.
If so, what is the cause and what is the effect? Is it merely less prudent drivers self-selecting
smaller vehicles, as suggested above? Or do the smaller vehicles themselves, because they feel
more maneuverable, induce drivers to take risks they would ordinarily avoid in a larger vehicle?

The principal estimates of this study include an allowance (in the interval estimates) that some of
the observed relationship between vehicle size and fatality rates could be due to better drivers
self-selecting larger vehicles, rather than the intrinsic characteristics of the vehicles.

But these driver effects, while they should not be ignored, are probably of limited importance.
The relationship of car weight to fatality risk is calibrated from data on 4-door cars (excluding
police cars). During the late 1990’s, small 4-door cars were especially popular with 30-50 year

" Accident Facts, 1993 Edition, National Safety Council, Itasca, IL, 1993, p. 64.
12 Kahane, C.J., Correlation of NCAP Performance with Fatality Risk in Actual Head-On Collisions, NHTSA
Technical Report No. DOT HS 808 061, Washington, 1994, pp. 3-7.



old women. Although there are, of course, individual variations within that group, they are,
overall, the safest and most prudent drivers on the road. It is more correct to say that small 4-
door cars had high fatality rates despite, rather than because of the people who drove them.

1.3 NHTSA's earlier reports on vehicle weight and fatality risk

NHTSA’s 1997 report estimated the percentage increase (or decrease) in crash fatalities
(including occupants of other vehicles, and pedestrians) per 100-pound weight reduction, in each
of the important crash modes, separately for passenger cars and LTVs:"”

NHTSA 1997 Fatality Increase (%) Per 100 Pound Reduction
Crash Mode Passenger Cars Light Trucks
Principal rollover +4.58 + 81*
Hit object +1.12 +1.44

Hit ped/bike/motorcycle — 46 - 2.03

Hit heavy truck +1.40 +2.63

Hit passenger car - 62%* - 1.39

Hit light truck +2.63 - 54
OVERALL +1.13 - 26%*

* Not statistically significant

The analysis associated a 100-pound reduction in cars with a significant increase of 302 crash
fatalities per year, and a 100-pound reduction in LTVs with a reduction of 40 crash fatalities per
year (not statistically significant).

The analysis was a regression of fatality rates per million vehicle registration years, based on
Fatality Analysis Reporting System (FARS) and Polk registration data for MY 1985-93 vehicles
in CY 1989-93 crashes. However, State crash data were used in a quite indirect way to adjust
these rates for differences in driver age and gender. Section 4.8 of this study extensively
critiques the methods of the 1997 report. In brief, the 1997 report concluded that lighter vehicles
are safer than indicated by their raw fatality rates per million years, based on the following
implicit (and essentially “hidden”) inferences from the adjustment procedure:

e Heavy cars and LTVs are driven fewer miles per year than mid-size vehicles, because
they have older drivers, and older people drive fewer miles per year.

13 Kahane (1997), op. cit., pp. vi-vii.



e Light cars and LTVs are driven more miles per year than mid-sized vehicles, because
they have younger drivers, and young people drive more miles per year.

e Therefore, the simple per-year fatality rates understate their per-mile rates of heavy
vehicles, but overstate the rates of lighter vehicles. After the adjustment, the safety
advantage of heavier vehicles shrinks for cars and vanishes for LTVs

All of these statements are false, except that older people drive fewer miles per year. In fact,
odometer readings from the National Automotive Sampling System (NASS) show that light,
mid-size and heavy cars are driven almost equal numbers of miles per year, whereas heavy LTVs
are driven substantially more miles per year than light LTVs of the same type. It is also untrue
that young people drive more miles per year than 25-50 year old adults. (See Section 2.4 of this
report.) As a result, the 1997 report underestimated the fatality increases associated with weight
reductions — in every crash mode, for both cars and LTVs. An additional source of bias was the
inclusion of 2-door cars and police cars in the calibration of the weight-safety effect in passenger
cars. High-performance 2-door cars weighing about 3,000 pounds had very high fatality rates in
some crash modes and police cars weighing about 3,700 pounds had high rates in other modes,
enough to throw the calibration off the real trend lines of fatality rates by vehicle weight.

In most crash modes the true effect was large enough that, even with these biases, the 1997
report still estimated a fatality increase. However in car-to-car, LTV-to-LTV and pedestrian
crashes, where the true effect was smaller, the 1997 report associated fatality reductions with
weight reductions. As stated above, those results now seem counterintuitive.

How did this problem escape earlier detection at NHTSA? As the critique (Section 4.8 of this
study) explains, the implicit assumptions about annual mileage are quite well hidden and are
only revealed by scrutiny of some regression coefficients in the 1997 report. But why didn’t
NHTSA staff look at the car-to-car results and say, “This can’t be right, let’s keep reviewing the
model until we find the problem”? In fact, NHTSA was already conditioned to believe that the
effect of weight reductions on car-to-car crash fatalities might be negligible, because its pre-1997
analyses, due to biases or data flaws of their own, produced similar results.

In 1989-91, NHTSA staff analyzed relationships of passenger-car weight and fatality risk in
three crash modes: rollovers, fixed-object and car-to-car. All three results are indeed very close
to the 1997 report:



NHTSA 1991 Fatality Increase (%) Per 100 Pound Reduction

Crash Mode Passenger Cars
Principal rollover +3.5

Hit object + .9

Hit ped/bike/motorcycle not analyzed

Hit heavy truck not analyzed

Hit passenger car Not statistically significant
Hit light truck not analyzed

Klein, Hertz and Borener performed the analyses of fixed-object and car-to-car crashes.'*
Logistic regressions of 1984-87 Texas and 1984-88 Maryland crash data calibrated drivers'
fatality risk per 100 towaway crash involvements, as a function of vehicle weight, driver age and
gender, crash mode, and other variables (in car-to-car crashes: the case car driver’s fatality risk
per 100 involvements as a function of both vehicles’ weights, both drivers’ ages, and other
factors). The model finds no significant change in drivers’ fatality risk when each car in a 2-car
collision is reduced by 100 pounds, but all other variables stay the same. The fatality rate in
fixed-object collisions increases by a modest but significant 0.9 percent for each 100-pound
weight reduction. (The 1997 report also found no significant effect in 2-car crashes and a 1.12
percent increase in collisions with fixed objects.)

The analysis method based on fatalities per 100 reported towaway crashes, customary at that
time and widely used even today, creates a twofold bias in favor of smaller cars and
underestimates the fatality increase per 100-pound reduction:

e By considering the probability of fatality given that a crash has already occurred, the
method only measures differences in crashworthiness. It ignores the superior directional
stability/ease of control of larger cars, that enables them to stay out of crashes entirely
(especially run-off-road/fixed object crashes).

e The measure of exposure (denominator of the fatality rate) — reported towaway crash
involvements — is itself confounded with vehicle weight. Heavier cars and LTVs have
substantially fewer reported towaway crashes per million miles than small cars. As stated
above, they have fewer crashes. Because they are more rugged, even if they have a crash,
it is less likely to require towaway. An impact that just dents a big station wagon might
disable a small, light car. Finally, even if there is a towaway, it is less likely that a police
report will be filed — if nobody is injured and the damage is not especially severe (e.g.,
when the cars are no longer brand-new).

4 Klein, T.M., Hertz, E. and Borener, S., 4 Collection of Recent Analyses of Vehicle Weight and Safety, NHTSA
Technical Report No. DOT HS 807 677, Washington, 1991; summarized in Effect of Car Size on Fatality and Injury
Risk, NHTSA, Washington, 1991.



Kahane analyzed fatal rollover crashes of MY 1970-82 cars in CY 1975-86 FARS data."” The
ratios of fatalities in most-harmful-event rollovers to fatalities in frontal impacts with fixed
objects were computed for cars of various size groups. The analysis did not control for driver
age or gender. The ratio increased by 3.5 percent per 100-pound weight reduction. This report,
too, underestimated the size-safety effect because it considered the frontal impacts a control
group with equal fatality risk at all car weights. In reality, fatality risk in fixed-object collisions
also increases as car weight is reduced. A more correct conclusion of the report would have
been: rollover fatalities increase 3.5 percent faster than frontal fixed-object fatalities, per 100-
pound weight reduction.

The results of this report, based on MY 1970-82 cars, are remarkably similar to the current study,
based on MY 1991-99 cars. Historically, lighter cars have more rollover fatalities because they
are also narrower and shorter cars. Of course, there is a natural correlation of mass, width and
length, but at least in theory it should be possible to change one and not the others (e.g., by using
different materials). The two studies show how little the relationships of mass, width, length and
rollover risk have changed in the last 30 years.

NHTSA also sponsored Mengert and Borener's 1989 analysis of fatal crashes, based on MY
1978-87 cars in CY 1978-87 FARS and Polk data.'® Separate analyses address four crash modes
which, together, comprise essentially all fatal crashes involving cars. The measure of risk, crash
fatalities per million car years (including pedestrians and occupants of other vehicles in the
crash) is similar to this study and NHTSA’s 1997 report. It accounts for crash-avoidance as well
as crashworthiness effects. However, their analysis did not adjust for driver age, gender, or any
other factor that is confounded with vehicle mass and correlated with fatality risk.

Cars were subdivided into six weight groups. In the three crash modes involving a single
passenger car, a relative fatality risk was obtained for each of the six weight groups: the
proportion of the fatalities F; in weight group i was divided by that weight group's proportion of
car registrations R ;. For example, if cars in the lightest weight group account for F; =15
percent of the 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 of the 36 pairs of
weight groups: the proportion of car-to-car fatalities F ;; involving a car of weight group i and a
car of group j was divided by R;R ;. For example, if collisions between cars of the lightest
weight group and the heaviest weight group account for F | ¢ = 1 percent of car-to-car fatalities, R
1 = 10 percent and R ¢ = 5 percent of car registrations, then the relative risk is 2.0. With these
measures of relative risk, Mengert and Borener could estimate the net effect on total fatalities for
any hypothetical future change in the distribution of car registrations among the six weight
groups.

' Kahane, C.J., “Effect of Car Size on the Frequency and Severity of Rollover Crashes,” Proceedings of the
Thirteenth International Technical Conference on Experimental Safety Vehicles, NHTSA, Washington, 1991, Paper
No. 91-S6-W-12.

' Mengert, P., Estimating Relative Safety of Hypothetical Weight Distribution for the National Passenger Car
Population, 1989 SAE Government/Industry Meeting, Washington, May 3, 1989.



If all passenger cars were to be reduced in weight by 100 pounds, while vehicles other than
passenger cars remain unchanged, the Mengert-Borener model predicted the following effects on
crash fatalities:

Mengert-Borener 1989 Fatality Increase (%) Per 100 Pound Reduction

Crash Mode Passenger Cars
Rollover or hit object +2.0
Hit pedestrian/bike -24
Hit LTV/heavy truck/motorcycle +1.0
Hit passenger car - .8
OVERALL + .5

These results, too, are consistent with the small overall size-safety effect in NHTSA’s 1997
report, and in particular show a reduction in car-to-car and car-to-pedestrian crash fatalities as
car weight is reduced. The detrimental effects of weight reduction were confined to single-
vehicle crashes and collisions with LTVs and heavy trucks.

However, when the analyses were limited to later calendar years of FARS data, all the results
shifted substantially in favor of larger cars: the effect of a 100-pound reduction became 1 to 2
percentage points stronger (or less negative) in each crash mode. It is unknown why the full
model showed such small size-safety effects, or why the results shifted in later calendar years of
FARS. Possible issues include:

e The absence of any control for driver age/gender, urban/rural, etc.

e The inclusion of 2-door cars in the analysis. High-performance cars weighing about
3,000 pounds might have fatality rates high enough to influence overall results.

e The use of only six weight classes might have created unexpected discontinuities.

Section 6.7 of this report updates the Mengert-Borener analysis of car-to-car crashes, applying
their model to CY 1995-2000 FARS data on MY 1991-99 cars — but limited to 4-door cars and
using ten rather than six weight classes. The effect of a 100-pound reduction is an intuitively
much more reasonable 2.74 percent fatality increase, not the 0.8 percent decrease seen by
Mengert and Borener. Unfortunately, this new result was not available in 1995-97. Thus, the
Mengert-Borener study and NHTSA’s 1989-91 analyses may both have conditioned NHTSA
staff not to be alarmed when their 1997 analyses did not show a significant increase in car-to-car
crash fatalities as car weight decreased.
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Of course, NHTSA is not the only organization studying relationships between vehicle size and
fatality risk. For example, as early as 1982-84, Evans analyzed a group of car crashes including
rollovers, fixed-object impacts and collisions with heavy trucks and LTVs.!” He calibrated that
fatality risk increased by 2.6 to 4.8 percent per 100-pound reduction of car weight. The range is
quite consistent with the results of this study, nearly 20 years later. The National Research

Council's 1992 analysis of fuel economy issues extensively reviewed the size-safety literature.'®

1.4 NHTSA’s car-light truck compatibility research

The agency has been researching fleet compatibility since 1993." The long-term goal is to
develop safety standards that will reduce crash fatalities and injuries for the entire vehicle fleet,
while also providing a high degree of safety in each type of vehicle. In collisions between two
different types of vehicles, say a large LTV and a small car, the objective is to reduce fatality risk
in the car, without increasing risk in the LTV. That may require increasing crashworthiness of
the car, but it might be better accomplished by reducing the aggressiveness of the LTV, or by a
judicious combination of both. The research has identified three main sources of mismatch
between vehicles:

e Mass incompatibility (one vehicle is much heavier than the other)

e Structural incompatibility (one vehicle is much more rigid than the other)

e Geometric incompatibility (one vehicle applies force at a height above the other
vehicle’s structures designed to withstand force)

Mass is easily measured placing a vehicle on scales. NHTSA’s research staff has identified ways
to measure vehicles’ rigidity and height-of-force using data collected during NHTSA’s crash
tests.

NHTSA has also sponsored extensive statistical analyses, based on crash data, of the relative
aggressiveness and compatibility of various vehicles, and the relationships of vehicles’ rigidity
and height-of-force to their aggressiveness in actual crashes.”” Unlike the size-safety analyses,
where this study’s goal is to supersede all estimates in NHTSA’s 1997 report, this study’s

" Evans, L., Car Mass and the Likelihood of Occupant Fatality, Paper No. 820807, Society of Automotive
Engineers, Warrendale, PA, 1982; Evans, L., “Driver Fatalities versus Car Mass Using a New Exposure Approach,”
Accident Analysis and Prevention, Vol. 16, 1984, pp. 19-36; see also Crandall, R.W., and Graham, J.D., “The Effect
of Fuel Economy Standards on Automobile Safety,” Journal of Law and Economics, 1989.

'8 Automotive Fuel Economy: How Far Should We Go?, National Academy Press, Washington, 1992, pp. 47-68.

1% Gabler, H.C. and Hollowell, W.T., “NHTSA’s Vehicle Aggressivity and Compatibility Research Program,”
Proceedings of the Sixteenth International Technical Conference on the Enhanced Safety of Vehicles, NHTSA,
Washington, 1996, Paper No. 98-S3-0-12; Gabler, H.C. and Hollowell, W.T., The Aggressivity of Light Trucks and
Vans in Traffic Crashes, Paper No. 980908, Society of Automotive Engineers, Warrendale, PA, 1998; Gabler, H.C.
and Hollowell, W.T., “The Crash Compatibility of Cars and Light Trucks,” Journal of Crash Prevention and Injury
Control, Vol. 2, March 2000, pp. 19-31; Summers, S., Prasad, A., and Hollowell, W.T., NHTSA s Compatibility
Research Program Update, Paper No. 01B-257, Society of Automotive Engineers, Warrendale, PA, 2000;
Hollowell, W.T., Summers, S.M., and Prasad, A., op. cit.

2 Joksch, H., Massie, D. and Pickler, R., Vehicle Aggressivity: Fleet Characterization Using Traffic Collision Data,
NHTSA Technical Report No. DOT HS 808 679, Washington, 1998; Joksch, H., Vehicle Design versus
Aggressivity, NHTSA Technical Report No. DOT HS 809 184, Washington, 2000.
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objective on car-LTV compatibility is merely to complement and, if possible, to corroborate the
existing analyses. The size-safety part of this study included setting up crash and exposure
databases for analyzing fatality risk in two-vehicle collisions, per billion miles of each vehicle,
by various characteristics of the vehicles and their drivers. These databases happen to be just the
right thing for also studying the relative aggressiveness of different types of vehicles.

NHTSA researchers have defined an “aggressivity metric” for vehicle-to-vehicle crashes, equal
to the number of occupant fatalities in the “other” vehicle per 1000 police-reported crashes
involving the case vehicle. For example, per 1000 2-vehicle crashes in which the “case” vehicle
is a large pickup truck, there are 2.89 fatalities in the “other” vehicles (which may be cars, LTVs,
etc.). When the “case” vehicle is a large car, there are only 0.83 fatalities in the other vehicles.
Thus, the aggressivity metric for large pickup trucks is almost 3% times the metric for large cars.

This aggressivity metric is clearly defined. Since it is based on fatality rates per 1000 crashes, it
does not take crash-proneness of various vehicle types into account. That makes sense here;
unlike size-safety analyses, crash-proneness should be filtered out in measuring aggressiveness
in crashes. However, as stated in Section 1.3, rates that are measured per 1000 police-reported
crashes can be biased against the larger vehicles — because large, rugged vehicles often don’t
have enough damage (if any) to make a crash worth reporting. Rugged, utilitarian vehicles, such
as five-year-old full-sized pickup trucks, may have even fewer reported low-level crashes. The
truck has a few scratches the owner doesn’t care about; the other vehicle’s owner agrees to repair
his or her own damage; nobody gains by reporting the crash. Since the crashes that are reported
are, on the average, fairly severe, the fatality rate per 1000 reported crashes is high.

Therefore, the analyses of this study, based on fatality rates per billion miles rather than per 1000
crashes, and controlling for each vehicle’s weight, each driver’s age and gender, urban/rural, etc.
may in some ways give a more accurate comparison of the intrinsic aggressiveness of different
types of vehicles, or at least a comparison that’s not biased against the more rugged vehicle
types. On the other hand, the per-mile approach in this study does not filter out the differences in
crash-proneness. It complements the aggressivity metric. Together, they provide a fuller
analysis of aggressiveness, and its correlation with a vehicle’s rigidity and height-of-force.

1.5 Scope and limitations of this study

This study computes crash fatality rates per billion miles of different MY 1991-99 vehicles in
CY 1995-2000: light, mid-size and heavy passenger cars, pickup trucks, SUVs and vans. Crash
fatalities include occupants of all the vehicles involved in a collision, plus any pedestrians. It
then adjusts these rates to put them on as “level a playing field” as possible, in order to discover
the intrinsic difference in the fatality rates of light vs. heavy vehicles, and of cars vs. LTVs.

For example, since heavy cars had older drivers than light cars, putting heavy and light cars “on
a level playing field” requires computing fatality rates for heavy vs. light cars for drivers of any
specific age. Since pickup trucks were driven more in rural areas than cars, a fair comparison
requires computing both rural and urban fatality rates for each vehicle type. Since light trucks
were driven more miles per year than cars, it is appropriate to compare the fatality rates of trucks
and cars per mile rather than per year.
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This analysis allows comparison of the fatality rate of a MY 1991-99 passenger car and a MY
1991-99 LTV of the same mass, given drivers of the same age and gender, the same urban/rural
mileage, etc. It estimates the trend in fatality rates ranging from the heaviest to the lightest
vehicles — the average percentage increase per 100 pound reduction. The “percentage fatality
increase per 100-pound reduction,” in the context of these analyses, does not mean the effect of
literally removing 100 pounds from a specific vehicle. It is the average percentage difference in
the fatality rate of 1991-99 models weighing W pounds and the fatality rates of other 1991-99
models weighing W-100 pounds, given drivers of the same age/gender, etc — e.g., given 30-year-
old male drivers on urban roads.

The analysis is not a “controlled experiment” but a cross-sectional look at the actual fatality rates
of MY 1991-99 vehicles, from the heaviest to the lightest. Since most people are free to pick
whatever car or LTV they wish (limited only by their budget constraints), owner characteristics
and vehicle use patterns can and do vary by vehicle weight and type. This study tries, when
possible, to quantify and adjust for characteristics such as age/gender or urban/rural, and at least
to give an assessment of uncertainty associated with the less tangible characteristics such as
“driver quality.” But, ultimately, we can never be sure that a 30-year-old male operating a large
LTV on an urban road at 2:00 p.m. in a Western State drives the same way as a 30-year-old male
operating a smaller LTV/light car/heavy car on an urban road at 2:00 p.m. in a Western State.
We can gauge the uncertainty in the results, but unlike some controlled experiments, there is not
necessarily a single, “correct” way to estimate it.

These are descriptive analyses of the fatal-crash experience of actual 1991-99 make-models.
Results, of course, could be different for future vehicles. Specifically, some of the LTVs in those
years were rollover-prone, aggressive vehicles. A new generation of more stable, less aggressive
LTVs, including entirely new designs such as car-based “crossover” SUVs as well as less
sweeping redesigns of existing LTVs, could have significantly lower fatality rates.

One area for possible future analysis is to look more closely at “before vs. after” fatality rates of
specific make-models that were redesigned, with important changes in materials or structure:
using more of a time-series than a cross-sectional approach.

Improvements in the databases might be considered in future analyses. The current study relies
on NASS data to obtain estimates of annual mileage. The main purpose is to compare the
average mileage of various types of LTVs to cars, and NASS ought to provide an unbiased
comparison. Nevertheless, a much larger database of annual inspection readings from various
States might be useful for more accurate estimates of absolute mileage, perhaps at the make-
model level.

State crash files were used to obtain “induced-exposure” data to subdivide vehicle miles by

driver age/gender, etc. This study improves on the 1997 report by returning to the customary,
tested definition of “induced-exposure” involvement: the non-culpable vehicle in a 2-vehicle
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collision. These vehicles are believed to be an essentially random sample of travel through any
specific area.”’ The analysis might be further improved if such data could be obtained from
more than eight States. Perhaps, traffic-count or survey data indicating the distribution of overall
mileage by urban/rural, speed limit, day/night, etc. could be combined with the induced-exposure
data to obtain a more accurate subdivision of the vehicle miles, and a more accurate adjustment
for those factors.

Geodemographic data on an appropriate sample of vehicle owners, based on their Zip Code of
residence or other information, might be useful for analyzing the relationship of driver income or
attitudes, the type of vehicle they select, and their fatal crash rates.

2 Stutts, J.C., and Martell, C., “Older Driver Population and Crash Involvement Trends, 1974-1988, Accident
Analysis and Prevention, Vol. 28, pp. 317-327 (August 1992).
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CHAPTER 2

DATABASE TO STUDY FATALITIES
PER MILLION YEARS OR BILLION MILES

2.0 Summary

The objective of this study is to compare the fatality rates of different vehicles on as “level a
playing field” as possible, in order to discover the intrinsic difference in the safety of light vs.
heavy vehicles, and of cars vs. light trucks. The data base must include information about
drivers’ age and gender, and other factors that differ by vehicle weight or type, in order to allow
adjustments for those differences. For example, since heavy cars have older drivers, on the
average, than light cars, putting heavy and light cars “on a level playing field” requires
computing fatality rates for heavy vs. light cars for drivers of any specific age. Since pickup
trucks are driven more in [higher-risk] rural areas than cars, a fair comparison of pickup trucks
and cars requires computing both rural and urban fatality rates for each. Since light trucks are
driven more miles per year than cars, it is appropriate to compare the fatality rates of trucks and
cars per mile rather than per year (since truck fatality rates per year would be inflated by their
higher mileage).

The Fatality Analysis Reporting System (FARS) provides most of the information about fatal
crashes needed for this study: the type of crash and number of fatalities, the age and gender of
the driver(s), the time and location. No single database has comparable exposure information for
the “denominators” needed to compute fatality rates. R.L. Polk’s National Vehicle Population
Profiles (NVPP) count the number of vehicles of a given make-model and model year registered
in any calendar year. National Automotive Sampling System (NASS) data, with odometer
readings for crash-involved vehicles, permit estimates of annual mileage; NASS data also
specify the number of occupants per vehicle. State data on nonfatal crashes, specifically,
“induced-exposure” crashes, allow classification of the mileage by age, gender, urban/rural and
other characteristics corresponding to the FARS data. (Induced-exposure crashes are
involvements as the non-culpable vehicle, in a two-vehicle collision. The distribution of such
involvements within a particular area is believed to be an essentially random sample of travel
through that area.) Accurate estimates of the curb weight of vehicles are assembled from several
publications.

This chapter describes how the various sources are merged to generate a single data base for
model year 1991-1999 vehicles in calendar years 1995-2000 that parses vehicle miles by vehicle
weight, driver age, gender, urban/rural, ... and is suitable for direct use in logistic regressions to
calibrate fatality risk as a function of these variables.

2.1 Vehicle classification and curb weight

The Vehicle Identification Number (VIN) allows precise classification of vehicles and analysis
of their body style and safety equipment. The VIN is known, with few missing data on FARS
(fatal crashes), NASS (odometer readings) and eight State files (induced-exposure crashes)
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available for analysis at NHTSA for calendar years 1995-99: Florida, Illinois, Maryland,
Missouri, North Carolina, Ohio, Pennsylvania and Utah. The VIN itself, however, is not coded
on Polk registration files, or listed in publications that specify curb weights.

NHTSA staff developed a series of VIN analysis programs in 1991 for use in evaluations of
Federal Motor Vehicle Safety Standards and other vehicle safety analyses.! The programs are
updated periodically and available to the public. They were extended to model year 1999 in
preparation for this study. Based entirely on the VIN, the programs identify a vehicle's make-
model, model year and body type, and the type of restraint system for the driver and the right-
front passenger. Each vehicle is assigned two four-digit codes: a fundamental vehicle group
(that includes all of a manufacturer’s vehicles of the same type and wheelbase, and runs for
several years, until those vehicles are redesigned) and a specific make-model. For example,
Chevrolet Cavalier and Pontiac Sunfire, for model years 1995-99 are two make-models that
comprise a single car group. Body styles of passenger cars, based on the VIN, are 2-door
convertibles, 2-door coupe/sedans, 3-door hatchbacks, 4-door sedans, 5-door hatchbacks, and
station wagons. Light-truck types are pickups, SUVs, minivans and full-sized vans.

Whereas Polk data do not include the actual VIN, their VIN-derived variables suffice to define
exactly the fundamental vehicle group, specific make-model and body style/truck type as above,
and permitted the Polk data to be merged with FARS or State crash data. Polk data specify the
number of vehicles registered as of July 1 of every calendar year.

“Curb weight” is the weight of a ready-to-drive vehicle with a full tank of fuel and all other
fluids, but no driver, passengers or cargo (as opposed to the “shipping weight,” that excludes
some fluids, and the “gross vehicle weight rating,” that includes the vehicle and its permissible
maximum load of occupants and cargo). Curb weight information is originally derived from
seven sources:

1. R.L. Polk’s National Vehicle Population Profile data base (cars only)
1991-99 Gasoline Truck Index and Import Truck Index, published by Truck Index, Inc.,
Santa Ana, CA (light trucks only)

3. 1991-99 Branham Automobile Reference Books, Branham Publishing Co., Santa Monica,
CA (cars and light trucks)

4. Passenger vehicle specifications data base supplied to NHTSA by the former American
Automobile Manufacturers Association (AAMA) (selected cars and light trucks)

5. 1991-99 Ward’s Automotive Yearbooks, Ward’s Publications, Detroit (cars and light

trucks)

Curb weights listed in NASS data (and generally derived from the preceding sources)

7. Actual curb weight measurements of 1,165 selected 1991-99 cars and light trucks
compliance-tested or crash-tested by NHTSA, its contractors or other organizations

.O\

! Kahane, C.J., Correlation of NCAP Performance with Fatality Risk in Actual Head-On Collisions, NHTSA
Technical Report No. DOT HS 808 061, Washington, 1994, pp. 18-19; Kahane, C.J., Relationships between Vehicle
Size and Fatality Risk in Model Year 1985-93 Passenger Cars and Light Trucks, NHTSA Technical Report No.
DOT HS 808 570, Washington, 1997, pp. 15-17.
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The first six references are in turn all derived from the same original sources: the manufacturers
official weights for vehicles of a specified make-model and subseries (and, perhaps, engine +
transmission), with all equipment standard for that subseries [+ engine + transmission], but
without any additional, purely optional equipment.

Polk data specify generally complete and reliable curb weights for cars, but none for trucks.
Since Polk also specifies the number of registered vehicles in each subseries [+ engine +
transmission], a sales-weighted average curb weight can be computed for each fundamental car
group, specific make-model, body style and model year (“sales” in model year MY are
approximately equal to NVPP’s number of vehicles of that MY registered on July 1, MY+1).

The other publications include narrative descriptions of the models and subseries that are
generally more than adequate to determine exactly the applicable 4-digit vehicle-group and
make-model codes, and the body style. If several weights are specified for the same make-model
(e.g., various subseries/engines), the mode (if known) or the median is selected.

Two other potential data sources were not used in this study: the vehicle weights currently listed
on the FARS file, because they are not necessarily the curb weights; and the Environmental
Protection Agency’s file of CAFE test weights, because this file often does not describe models
in enough detail to determine the applicable 4-digit vehicle-group and make-model codes.

In contrast to the published, manufacturer-defined weights for vehicles with standard equipment
only, NHTSA’s compliance and crash test contractors actually put “real” vehicles on a scale and
measure their curb weights. The government acquires “typical” vehicles from the stock of retail
dealerships near the test laboratories, generally equipped with the standard and optional features
customers want (seven cases were not used, where NHTSA tested vehicles specially converted to
battery or natural-gas power). This database, by itself, is not suitable for estimating all curb
weights (since most make-models are not tested every year), but it is exceedingly useful for
identifying and correcting biases in the published weights. Whereas, before 1990, the average
discrepancy between measured and published curb weight was often 3 percent or more in
passenger cars’, it has now shrunk to an average of 1 percent in cars and 2 percent in light trucks.
That is because automatic transmissions and air-conditioning, once “optional” except on the
most expensive cars, are now standard equipment on many make-models, or at least on subseries
of those models.

Although the published weights are supposedly derived from manufacturer sources, there are
instances where they disagree with one another, are inconsistent from year to year (e.g., the
weight for 1993 is substantially higher than for 1991-92 and 1994-95), or are inconsistent for
closely related make-models (e.g.: 1. Nearly identical “corporate cousins” have substantially
different weights. 2. The differences between 4X2 and 4X4 trucks, or regular-cab and king-cab,
are unreasonably small or large). The following procedures were used to reconcile the published
and measured weights, and to develop the most realistic tables of curb weights by make-model:

?Kahane (1994 NCAP), pp. 21-27.
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e For passenger cars, the starting point was the Polk NVPP weight (averaged by make-
model and body style). They were replaced by AAMA or NASS weights if those were
more plausible. (E.g., for some foreign-based manufacturers, Polk sometimes specifies
the same, lowest weight for all subseries of a make-model, while AAMA shows a
plausible variety of weights.) Weights are then compared year-to-year, across closely
related models, across body styles, and with the weights measured in compliance and
crash tests, and are adjusted, if necessary, to smooth year-to-year trends and eliminate
inconsistencies.

e For light trucks, the starting point was the Truck Index weight. For nameplates not
included in the Truck Index and other missing weights, Branham was consulted, and if
also missing there, Ward’s. These were replaced by AAMA weights if they were more
plausible. Weights are then compared year-to-year, across closely related models
(corporate cousins, 4X2 and 4X4, regular cab and king cab, etc.), and with the weights
measured in compliance and crash tests, and are adjusted, if necessary, to smooth year-to-
year trends and eliminate inconsistencies.

Best estimates of curb weight, by fundamental vehicle group, make-model, body style and model
year, are shown in Appendix A of this report for cars, and Appendix B for pickup trucks, SUVs,
minivans and full-sized vans. They are based on curb weights published by the manufacturers,
adjusted where necessary for consistency year-to-year and across closely related models. These
are the curb weights used in most of the analyses of this report, where the weight-safety effect is
calibrated separately in passenger cars and light trucks.

However, in the statistical analyses that combine data for cars and light trucks, such as those that
compare the intrinsic fatality risk of cars and trucks of the same weight, it is especially important
that curb weights be directly comparable. As stated above, the actual measured weight of the
passenger cars in compliance and crash tests averaged 1 percent higher than the weights in
Appendix A, and the actual weight of light trucks in these tests averaged 2 percent higher than
the weights in Appendix B. To put cars and trucks on a “level playing field” in these analyses,
the weights in Appendices A and B are inflated by the following percentages that depend on the
manufacturer and the vehicle type, and represent in each case the average excess of the actual
weights of the test vehicles over the “nominal” weights in the Appendices:
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Percent Increase over Weights in Appendices A and B

Cars Pickups SUVs Vans

Chrysler, Jeep, Dodge, etc. 1.92 3.76 1.68 2.75

Ford .88 3.44 1.79 2.39

GM 54 3.96 2.36 241

All overseas-based manufacturers’ 2.52 1.20 1.56
Japan-based 1.13
European-based .85
Korea-based 2.31

2.2 Fatal crash involvements: FARS data reduction

The preparation of fatal crash data involves identifying: (1) the vehicle’s make-model and body
style, and its curb weight, based on VIN analysis, as described in the preceding section; (2) the
crash mode, depending on the types of other vehicles and non-occupants involved (if any), and
the impact points of the various vehicles; (3) potential dependent variables, such as counts of
fatalities in the vehicle or crash; (4) potential control variables, factors that correlate with both
vehicle weight and fatality risk, such as driver age, urban/rural, etc.

The 1995-2000 FARS files contain 137,900 records of crash-involved vehicles of model years
1991-99 with VINs that can be decoded and identified as passenger cars or light trucks (pickups,
SUVs and vans, including incomplete vehicles and “300-series” pickups and vans with GVWR
slightly over 10,000 pounds). A single fatal crash will generate a vehicle record for each MY
1991-99 car or light truck involved in it (but procedures are later developed to avoid “double-
counting” the fatalities). These 137,900 “case” vehicle records are assigned to six basic crash
modes (that have the same names as in NHTSA’s 1997 report, but slightly different definitions):

3 Separate inflation factors are computed for Japan-based, European-based and Korea-based passenger cars, since
there were substantial numbers of each. Among pickup trucks, SUVs and vans, however, there were only a few
European-based and Korea-based models, or none at all, during the 1990’s; a single inflation factor is computed for
all overseas-based manufacturers.
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Cars Light Trucks

1. Principal rollovers 4,344 6,677
2. Collisions with fixed objects, etc. 16,597 9,986
3. Collisions with pedestrians/bikes/motorcycles 10,301 8,385
4. Collisions with heavy trucks 6,384 3,945
5. Collisions with passenger cars 19,680 20,918
6. Collisions with light trucks 17,053 7,956
Other/unknown crash mode 3,050 2,624

77,409 60,491

A more detailed classification of crash involvement types, and their FARS definitions, is shown
in Table 2-1. Principal rollovers are single-vehicle crashes where the rollover is the first truly
harmful event (although FARS may code the tripping mechanism, such as a ditch, as the “first”
harmful event). The second mode includes all single-vehicle crashes that are not principal
rollovers and were not fatal to pedestrians or bicyclists; the vast majority of these are collisions
with fixed or sizable objects (but many involve secondary rollover). Mode 3 includes collisions
with pedestrians, bicyclists and motorcyclists, where the fatality is almost always the “other”
road user, not a “case” vehicle occupant. Modes 4, 5, and 6 include all 2-vehicle collisions
where the case vehicle is a 1991-99 car or light truck and the “other” vehicle is a heavy truck,
car, or light truck, respectively — of any model year, not necessarily 1991-99. They also include
3- and 4-vehicle collisions involving only two vehicle types (when the other vehicles are a mix
of cars and light trucks, the involvement is assigned to mode 6 if the case vehicle is a car, and
mode 5 if it is a light truck). For most crash types, car involvements exceed light-truck
involvements, simply because cars outnumbered light trucks in MY 1991-99. Exceptions where
light-truck are overrepresented to the extent of exceeding car involvements are rollovers,
noncollisions including “falls from a moving vehicle” and frontal impacts to the side of a car.

Potential dependent variables include (1) the number of fatalities in the crash that the case
vehicle was involved in (FATALS), (2) the number of occupant fatalities in the case vehicle
(DEATHS), (3) the fatality/survival of the driver of the case vehicle, (4) the sum of occupant
fatalities in other vehicles involved in the crash (but not the case vehicle).
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TABLE 2-1: FATAL CRASH INVOLVEMENT TYPES
(with number of crash involvements by MY 1991-99 vehicles in CY 1995-2000)

Cars LTVs

1. PRINCIPAL ROLLOVERS 4,344 6,677
Includes: (1) first-harmful-event rollovers, (2) first harmful event =
curb, ditch, pothole, snow, non-collision and most harmful event = rollover,
(3) first harmful event = curb, ditch, pothole, snow, rollover = yes,
principal damage = top

2. COLLISIONS WITH FIXED OBJECTS, ETC. 16,597 9,986
Includes all single-vehicle crash involvements except principal
rollovers and crashes that resulted in non-occupant or motorcyclist
fatalities. Includes:
10. Hit object (most harmful event 14-48), principal impact frontal 6,548 3,902
11. Hit object, principal impact on the side 3,934 1,171
12. Hit object, most harmful event/impact is subsequent rollover 3,694 3,183
13. Hit object, most harmful event is fire/immersion/noncollision 360 233
14. Hit object, other/unknown principal impact 830 316
15. Collision with train 364 348
16. Collision with animal 119 66
17. Collision with parked vehicle 495 312
18. First harmful event is fire/immersion/fell from veh./noncollision 224 441
19. All other single-vehicle crashes (but not principal rollover/ped/bike) 29 14

3. COLLISIONS WITH PEDESTRIANS/BIKES/MOTORCYCLISTS 10,301 8,385
Includes all crashes fatal to pedestrians/bicyclists/motorcyclists except
crashes that (1) involved more than one passenger vehicle and (2) were
also fatal to occupants of the passenger vehicles

Includes:

21. 1 passenger vehicle (PV) killed pedestrian(s) 6,019 4,812
22. 1 PV killed bicyclist(s) 821 799
23. 1 PV killed other non-occupant(s) (equestrians, skateboarders, etc.) 4 12
24. 1 PV killed multiple types of non-occupants 0 0
25. 2+ vehicles involved, fatal only to non-occupant(s) 1,538 998
26. 1 PV killed motorcyclist(s) 1,488 1,442
27. 1PV hit 1 motorcycle, fatal to PV occupant or both 37 14
28. 3+ vehicles involved, fatal only to motorcyclist(s) 394 307
29. 1+ PV, killed non-occupant(s) plus motorcyclist(s) 0 1
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TABLE 2-1 (continued): FATAL CRASH INVOLVEMENT TYPES
(with number of crash involvements by MY 1991-99 vehicles in CY 1995-2000)

Cars LTVs
4. COLLISIONS WITH HEAVY TRUCKS 6,384 3,945
Includes crashes in which at least one of the other vehicle(s) is a
heavy truck or bus(GVWR > 10,000), based on (1) the VIN, if known
(2) manufacturer (only builds heavy trucks) or BODY TYP, if VIN is missing
Excludes 3+ vehicle crashes involving more than 3
vehicle types, and all 5+ vehicle crashes. Includes:
31. 1PV + 1 heavy truck, frontal impact by PV 2,694 2,159
32. 1PV + 1 heavy truck, side impact to PV 1,988 828
33. 1 PV + 1 heavy truck, rear impact to PV 268 163
34. 1PV + 1 heavy truck, unknown impact area on PV 121 94
35. 3-4 vehicles, including 1+ heavy truck(s) 1,313 701
5. COLLISIONS WITH PASSENGER CARS 19,680 20,918

Includes 2-vehicle collisions where the other vehicle is a car; 3-4 vehicle
crashes where all the “other” vehicles are cars; 3-4 vehicle crashes where
the case vehicle is a light truck and the other vehicles are a mix of cars
and light trucks. Includes:

41. Hit car, front-to-front, case (CV) and other vehicle (OV) going straight 5,530 4,722

42. Hit car, front-to-front, CV going straight, OV turning 562 464
43. Hit car, front-to-front, CV turning, OV going straight 512 293
44. Hit car, front-to-front, other/unknown maneuvers 80 62
45. Front of CV hit side of car, OV turning 1,207 2,120
46. Front of CV hit side of car, OV not turning (e.g., angle collision) 2,973 4,840
47. Front of CV hit rear of car 662 638
48. Front of CV hit car, other/unknown impact area on OV 114 92
49. 3-4 vehicle crash, frontal damage to CV 1,933 3,748
50. Side of CV hit by front of car, CV turning 1,156 202
51. Side of CV hit by front of car, CV not turning (e.g., angle collision) 2,770 1,051
52. Hit car, side-to-side 226 213
53. Side of CV hit by car, other/unknown impact area on OV 66 42
54. 3-4 vehicle crash, side damage to CV 629 796
55. Rear of CV hit by front of car 582 571
56. Rear of CV hit by car, other/unknown impact area on OV 83 69
57. 3-4 vehic