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EXECUTIVE SUMMARY

This report reviews the 1997 and 2003 NHTSA studies and the 2002
and 2003 DRI studies on the effects of vehicle size and weight on overall
safety in terms of net changes in US fatalities. The main results of the 2003
NHTSA study estimated, using new data and methodology, that the
combined effects of size and weight reduction may have an adverse effect
on safety.

The 1997 and 2003 NHTSA studies and the 2002 DRI study, however,
did not address the separate effects of size and weight reduction on safety.

The 2003 DRI study did address the separate effects of size and weight
and found that wheelbase and track reduction would be expected to increase
the overall number of fatalities, and curb weight reduction would be
expected to decrease the overall number of fatalities.

This report presents additional results which may explain the differences
between the Kahane 2003 report and the 2002 and 2003 DRI reports,
considering the differences in the methodology, assumptions, and data used;
and tend to confirm the results of the 2003 DRI study, that

- curb weight reduction would be expected to decrease the overall
number of fatalities, whereas

- wheelbase and track reduction would be expected to increase the
number of fatalities,

using new methods similar to that described in the latest 2003 NHTSA
study. Both of these effects are statistically significant at the 0.05 level.
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Section |

INTRODUCTION

This report reviews the 1997 and 2003 NHTSA studies (Refs 1 and 2)
and the 2002 and 2003 DRI studies (Refs 3 and 4) on the effects of vehicle
size and weight on overall safety in terms of net changes in US fatalities.
The main results of the 2003 NHTSA study estimated, using new data and
methodology, that the combined effects of size and weight reduction may
have an adverse effect on safety.

The 1997 and 2003 NHTSA studies, and the 2002 DRI study, however,
did not address the separate effects of size and weight reduction on safety.

The 2003 DRI study did address the separate effects of size and weight
and found that wheelbase and track reduction increased the overall number
of fatalities, and curb weight reduction decreased the overall number of
fatalities.

This report presents additional sensitivity results that tend to confirm
the results of the 2003 DRI study using new methods similar to that
described in the latest 2003 NHTSA study (Ref 2).

A. BACKGROUND

As previously discussed in Refs 1 to 4 and by other published work, the
effects of vehicle weight and size on overall safety are complex, involving
human factors and vehicle crash avoidance, crashworthiness, and crash
compatibility, in various types of crashes.

The majority of these studies do not address the separate effects of
vehicle weight and size (e.g., wheelbase, track) on safety. The results in



Refs 1 to 3 are based on curb weight only, which is assumed to be
effectively a surrogate for both vehicle weight and size.

Some studies have acknowledged that some of the reported effects of
curb weight on safety are actually due to vehicle size parameters, such as
wheelbase, track, overall length, and overall width; and these effects are not
intrinsically due to vehicle weight. For example,

- Evans reported in Ref 5 that the risk of driver fatality in car 1 in a head
on collision with car 2 is’

t
1 mo
f=kx x (_J (1)
oo w25t +100W25t) | my

were
k is an arbitrary scaling constant,
t is a parameter (t=1.79),
W1 and W2 are the wheelbases of car 1 and car 2 in meters, and
m1 and m:z are the masses (curb weights) of car 1 and car 2 in kg.
This equation indicates that reducing the curb weight or wheelbase of
car 1 would increase the risk to the driver of car 1. But this equation
also indicates that reducing the curb weight of car 2 would decrease
the risk to the driver of car 1.

The risk of driver fatality in car 2 is similar to equation 1 with the
subscripts for cars 1 and 2 interchanged.

Then, according to equation 1, the total risk for both drivers can be
expressed as

' Equation 1 is based on equation 10 in Ref 5, where the wheelbase values for the intrinsic
size component have been substituted in order to clarify the separate “intrinsic” effects of
size and weight.
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Equation 2 indicates that whereas curb weight reduction tends to have
self canceling effect on the total driver fatality risk, reducing the
wheelbase of either car increases the total risk to both drivers.

- The US General Accounting Office looked at the effect of three
different measures of vehicle size: curb weight, wheelbase, and engine
displacement on vehicle crash involvement (Ref 6). Their results
indicated that wheelbase was more correlated with light truck crash
involvement than curb weight?. Results for passenger cars varied,
depending on the crash type.?

- Kahane reported in Ref 1 results that indicated that the fatality risk in
principal rollover crashes were more strongly correlated with vehicle
track than with vehicle curb weight. For example,

- The t-value for track in the passenger car principal rollover
regression model was 8.53, compared to 6.45 for curb weight,
indicating that rollover risk is more strongly correlated with track
width than curb weight®. This result was also consistent with
logistic regression results for passenger car fatality risk in principal
rollovers relative to “induced-exposure” crashes®.

- The t-value for track in the light truck principal rollover regression
model was 2.81, compared to 1.11 for curb weight, indicated that
rollover risk is again more strongly correlated with track than with
curb weight®.

2 Ref 6, Table V.2, p 30.

3 op. cit., Table V.1, p 29.

* Ref 1, Run PC1a vs PC1, Table 6-2, p 126.
5 op. cit., Run C2 vs C1, Table 3-2, p 45.

6 op. cit., Run LT1a vs LT1, Table 6-5, p 134.



- Kahane indicated in Ref 2 that:

- "Heavier cars are wider, without a comparable increase in center-
of-gravity height, and are much less rollover-prone. In addition,
larger cars have better directional stability, preventing some of the
off-road excursions that lead to rollovers.”’ This seems to indicate
that the reported effects of weight reduction on rollover fatality risk
should be attributed to track and wheelbase reduction, rather than
to curb weight reduction per se.

- "“Heavier cars are typically more crashworthy, with more space to
slow down the occupants, a more gradual deceleration in crashes,
and an occupant compartment more likely to keep its structural
integrity.” ® This seems to indicate that the reported effects of curb
weight reduction in hit object crashes should at least partially be
attributed to car length and width reduction or wheelbase and track
reduction, rather than to curb weight reduction per se.

- "one possibility is that the dimensions and structure of small cars
makes them more hazardous to pedestrians.”® This seems to
indicate that the reported effects of curb weight reduction might be
due to car length and width reduction, rather than to curb weight
reduction per se.

B. OBJECTIVES

This report reviews the methodology, assumption, and results of the
1997 and 2003 NHTSA reports by Kahane (Refs 1 to 2) and the 2002 and

7 Ref 2, p 89.
8 op. cit., p 89.
® op. cit., p 90.



2003 DRI reports (Refs 3 to 4); and presents additional sensitivity results
based on newer methodology described in Ref 2.

C. DATA SOURCES

The analysis described herein involved the use of accident data,
exposure data, and vehicle parameter data from many sources. These data
include:

1995 to 1999 Fatal Analysis Reporting System (FARS) data,
providing coded information describing all fatal traffic accidents in
the US, for calendar years 1995 to 1999 (Ref 7).

- 1995 to 1999 State crash data, providing coded information
describing reported traffic accidents in seven states for calendar
years 1995 to 1999.

- R. L. Polk & Co. National Vehicle Population Profile (NVPP) data,
providing numbers of registered vehicles by state, make, model, and
body style, for calendar years 1995, 1997, and 1999 (Ref 8).
Passenger car curb weights were also derived from this database.

- Numerous other data sources as described in Refs 3 and 4.

D. REPORT ORGANIZATION

The main results of the Kahane 1997, DRI 2002, DRI 2003, and Kahane
2003 reports are summarized in Section Il.

Sections Il and IV describe the methodology, assumptions, and data on
which the main results in the Kahane 1997, DRI 2002, DRI 2003, and
Kahane 2003 reports are based. The methodology in common to all four



reports are described in Section lll. The differences in methodology,
assumptions, and data are described in Section IV.

Section V reviews the concerns about the Kahane 1997 methodology
that were expressed in the Kahane 2003 report.

Section VI presents additional sensitivity analysis results that may
explain the apparent differences between the two DRI reports and the latest

NHTSA report.

The results and conclusions are summarized in Section VII.



Section |l

SUMMARY OF THE MAIN RESULTS
IN THE KAHANE 1997, DRI 2002, DRI 2003, AND KANANE 2003
REPORTS

The estimated effects of a 100 |Ib passenger car or light truck weight
reduction on US fatalities reported in the two Kahane and two DRI reports
(Refs 1 to 4) are illustrated in Figs 1 and 2. Both of the Kahane reports and
the DRI 2002 report considered only the effect of curb weight reduction,
where curb weight was assumed to be effectively a surrogate for both
vehicle weight and size. The DRI 2003 report estimated the separate effects
of curb weight, wheelbase, and track reduction on overall fatalities.

The results in the latest Kahane report indicate that the effects of curb
weight and corresponding changes in vehicle size increase the number of
fatalities overall, which is different than the results in the other reports.
However, the differences in the results in these four reports can be
attributed to differences in data, statistical methods and assumptions, as
described in Section IV.
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Section Il

METHODOLGY COMMON TO THE
KAHANE 1997, DRI 2002, DRI 2003, AND KAHANE 2003
REPORTS

The analyses described in Refs 1 to 4 involve the correlation of vehicle
accident and exposure data with vehicle parameter data to empirically assess
the effects of vehicle weight and size parameters on fatality risk. The
methodology common to all of these studies is described in this section.

A. BASIC METHODOLOGY

The number of US fatalities in a given year can be expressed by the
following equation

F=> F (3)
k
where F is the number of fatalities in crash type k.

The number of US fatalities in crash type k can be expressed by the
following equation

Fk:ZFk,j:ZRk’jEk,j (4)
J J
where
Fy, j is the number of fatalities in crash type k involving vehicle-
driver-environment condition j,
Rk,j is the risk of fatality in crash type k involving vehicle-driver-

environment condition J,

10



Ex,j is the exposure of vehicle-driver-environment condition j to

crash type k.

In general, Ry j and Ey j may be functions of the vehicle parameters f(i.e.,

curb weight, wheelbase, and track), driver factors (i.e., driver age and
gender), and environmental factors.

The net change in the number of US fatalities (AF ) due to a change in
curb weight, wheelbase, track, or any other variable (Ax) can be expressed
by the equation

AF =3 ARy (5)
k
where
dFy ;
AF = - Ax 6
K=, ™ (6)

for small Ax.

Letu=log(Fy j) "®. ThenF j =¢e" and

dFy, d log\Fy ;
dx dx dx ’ dx
The natural logarithm of F j is
Iog(Fk, i ): Iog(Rk, j )—f- Iog(Ek, J) (8)
Substituting equations 7 and 8 into equation 6 yields the following
equation
d Iog(Rk J) d Iog(Ek J)
AR, =) F 2L+ =~ |AX 9
k ZJ: k’]( dx dx ©

10 Iog(x) denotes the natural logarithm of x.

11



Equation 9 can be simplified by the following two assumptions:

Assumption 1: The risk of fatality in crash type k involving vehicle-

driver-environment condition j can be expressed as

Fr i
|Og(Rk’j):|Og[?'J-J=bkyo +Zbk’iXi,j +ej (10)
1) i
where
Xj,j are values of variables X for vehicle-driver-
environmental condition j,
by o and by ; are coefficients,
€] is an unknown random number with assumed
probability distribution.
Therefore,
dlog(Rk,j)_ _ (11)
dXi il
Assumption 2: The exposure does not change when X; (e.g., curb
weight) is varied, then
d log\Ey i
dXi
Substituting equations 11 and 12 into equation 9 results in
(13)

AFk = sz,jbk,iAXi = Fkbk,iAXi
i

Combining equations 5 and 13 yields the following summary equation

AF = ZAFK = Z Fkbk,iAXi
k k

(14)

The basic approach common to the 1997 and 2002 Kahane studies and

the 2002 and 2003 DRI studies (Refs 1 to 4) were to:

12




- estimate the net effects of curb weight, wheelbase, track, or other
variable (i.e., x)) on the number of fatalities according to equation 14,

- using values for by ; that were estimated by statistical regression

methods based on equation 10.

The main differences between the 1997 and 2002 Kahane studies and
the 2002 and 2003 DRI studies are discussed in the next section.

13



Section |V

DIFFERENCES IN THE DATA, ASSUMPTIONS, AND METHODS USED
BY THE KAHANE 1997, DRI 2002, DRI 2003, AND KAHANE 2003
REPORTS

The main differences between the 1997 and 2002 Kahane studies and
the 2002 and 2003 DRI studies are:

- the crash categories,
- the baseline numbers of fatalities for each category, F,

: . dlog(Eg) .
- the choice of the exposure measure, Ey, for which # is

X
assumed to be zero,

- the data, assumptions, and statistical methods that were used to

estimate (“%(Rk) ,

X
- and whether the effects of curb weight and size parameters are
combined or treated separately.

These differences are discussed in the next section.

A. CRASH CATEGORIES

The Kahane 1997, DRI 2002, and DRI 2003 studies (Refs 1, 3, and 4)
were based on analysis of two vehicle types and six crash categories as
follows:

- Vehicle types:

- Passenger cars
- Light Trucks

14



- Crash categories
- One-vehicle crashes
- Principal rollovers
- Hit an object
- Hit a pedestrian, bicyclists, or motorcycle
- Two-vehicle crashes
- Hit a heavy truck
- Hit a passenger car
- Hit a light truck

The Kahane 2003 study (Ref 2) further sub-classified the passenger cars
and light trucks as follows:

- cars with curb weight < 2,950 Ibs,
- cars with curb weight > 2,950 Ibs,
- light trucks with curb weight < 3,870 Ibs,
- light trucks with curb weight > 3,870 Ibs.

The crash categories in the Kahane 2003 study were also expanded to
include 3 and 4 vehicle crashes.

B. BASELINE FATALITIES

The baseline numbers of fatalities used in each study are listed in Table
1 and Table 2. The differences between the Kahane 1997 and DRI studies
include the baseline year. In addition, the Kahane 2003 study divided the
passenger cars and light trucks into two size groups depending on vehicle
curb weight, and expanded the crash categories to include 3 and 4 vehicle
crashes.

15



Table 1. Baseline Fatalities for Passenger Cars

Crash Type Kahane DRI 2002 Kahane Vehicle Curb
Category 1997° DRI 2003° 2003° Weight (lbs)®
PnnClpal 995 CV < 2,950
1,754 1,663
rollover 715 | CV > 2,950
3,357 CV < 2,950
Hit an object 7,456 7,003
2,822 CV > 2,950
Hit ped/bike/ 1,741 CV < 2,950
4,206 3,245
Motorcycle 1,349 CV > 2,950
Hit a heavy 1,148 CV < 2,950
2,648 2,496
truck 822 CV > 2,950
CV < 2,950
934
OV < 2,950
CV < 2,950
. 773
Hit another OV > 2,950
5,025 4,047
passenger car 569 CV > 2,950
OV < 2,950
CVv > 2,950
677 —
OV > 2,950
4,091 CV < 2,950
Hit a LTV 5,751 6,881
3,157 CV > 2,950
Total 26,840 25,335 23,150 All

Sources and notes:

#1993 Fatalities. Ref 1, Table 6-7, p 139.
b 1999 Fatalities. IIHS, cited in Table 2-3 of Ref 9. Used in Ref 3, Table 6.4, p 79; Ref 4, p

57.

¢ Ref 2, pp 105, 107.

4 CV is the case car vehicle weight, OV is the other car vehicle weight

16




Table 2. Baseline Fatalities for Light Trucks

Crash Type Kahane DRI 2002 Kahane Vehicle Curb
Category 1997° DRI 2003 2003° Weight (Ibs)®
Principal 1,319 CV < 3,870
1,860 2,605
rollover 2,183 | CV > 3,870
1,687 CV < 3,870
Hit an object 3,263 3,974
2,639 Cv > 3,870
Hit ped/bike/ 1,148 CV < 3,870
2,217 2,432
Motorcycle 2,043 CV > 3,870
1,111 1,506
truck 860 CV > 3,870
Hit a 2,062 CV < 3,870
5,751 6,881
passenger car 5,186 Cv > 3,870
CV < 3,870
247
OV < 3,870
CV < 3,870
. 709
Hit another OV > 3,870
1,110 1,781
LTV Cv > 3,870
301 —
OV < 3,870
Cv > 3,870
784 —
OV > 3,870
Total 15,312 19,179 21,752 All

Sources and notes:
#1993 Fatalities. Ref 1, Table 6-8, p 142.
b 1999 Fatalities. IIHS, cited in Table 2-3 of Ref 9. Used in Ref 3, Table 6.5, p 80; Ref 4, p
62.
¢ Ref 2, pp 105, 159.
4 CV is the case vehicle curb weight, OV is the other vehicle curb weight

17




C. EXPOSURE

The measures of exposure on which the main results of the Kahane and
DRI studies are based are summarized in Table 3. /t was assumed that this
exposure measure is a constant, at least with regard to variation in vehicle
size and weight, for the purposes of all of these studies (as was indicated by
equation 12). Possible measures of exposure include:

VRY - The number of vehicle registration years.
VMT - The number of vehicle miles traveled.

Kahane indicated in Ref 1 that “A vehicle year is a clearly defined,
widely accepted unit of exposure”''. The advantage of VRY is that it can be
accurately determined from state vehicle registration data (i.e., Polk NVPP
data, Ref 8) in sufficient detail to enable the assessment of accident and
fatality risk by make, model, model year, and body type; for correlation with
vehicle weight and size parameters. A disadvantage of VRY as a measure of
exposure is that it does not indicate who is driving the vehicles, under what
conditions the vehicles are being driven, and how much the vehicles are
being driven; which may also have an effect on accident and fatality risk.

Kahane indicted in Ref 2 that “Fatality rates per hundred million vehicle
miles of travel (VMT), rather than per million registration years, are the most
widely accepted measure of risk”'?. However, this information is difficult to
determine accurately, especially at the make-model-model year-body type
level of detail.

The results in the Kahane 1997, DRI 2002, and DRI 2003 reports were
based on VRY as the measure of exposure. The main results in Kahane 1997

" Ref 1, p 89.
'2Ref 2, p 26.

18



are based on “FATALITIES PER MILLION VEHICLE YEARS"". The
assumption that vehicle registration years are constant was clarified in DRI
2002 and DRI 2003'°.

The Kahane 2003 report reexamined the choice of exposure measure. It
was reported that “neither annual mileage nor average occupancy are
significantly correlated with their curb weight”'® for 4-door non-police cars,
based on analysis of odometer readings and number of car occupants in
NASS/CDS data (Ref 10). This result was used to justify the continued use
of VRY as a measure of exposure instead of vehicle miles traveled (VMT) in
the passenger car analyses.'’

However, VMT was used as the measure of exposure for the main light
truck results in the Kahane 2003 because analysis of NASS/CDS odometer
data indicted that annual mileage varied by light truck type. VMT was
estimated by multiplying the VRY by annual mileage estimates depending on
the vehicle age according to Table 2-2 on page 28 of Ref 2 and the LTV type
according to Table 2-3 on p 30."®

'3 Ref 1, Chapters 5 and 6 headings, pp 89, 123.

“ Ref 3, p 78.

'S Ref 4, p 52.

6 Ref 2, p 42.

' The example logistic regression data records on p 77 of Ref 2 illustrate how one induced-
exposure case was weighted to represent 293.63 vehicle registration-years of exposure.
Induces-exposure data is discussed in subsection IV.E.8 of this report.

'® The example logistic regression data records on p 131 of Ref 2 illustrate how one induced-
exposure case was weighted to represent 4,875,236 vehicle-miles traveled of exposure.

19



Table 3. Exposure Measures on which Main Vehicle Weight and Size Results

are Based

Measure of Exposure (assumed to be constant)

Report

Passenger Cars Light Trucks
Kahane 1997 VRY VRY
DRI 2002 VRY VRY
DRI 2003 VRY VRY
Kahane 2003 VRY VMT

D. STATISTICAL METHODS

The statistical methods used by the Kahane and DRI reports are

summarized in Table 4. The DRI 2002 report used the same methods used in

the Kahane 1997 report. These methods involve linear regression (Ref 11)

and/or logistic regression (Ref 12) statistical methods. The two-step

regressions assume that the variables in the two different steps are

uncorrelated.

20




Table 4. Summary of the Statistical Methods Used

Report | Statistical Methods
Single stage estimate of effects of curb weight on F/VRY
Kahane | Two-step weighted linear regression?
1997 Step 1: Data aggregated by vehicle age, state group, and
and calendar year
2?)?2 Step 2: Data aggregated by vehicle make and model, model
year, and body type
Exogenous control for driver age and gender effects
Three stage estimate of effects curb weight, wheelbase, and track
on F/VRY
F/A A/IE IE/VRY
Logistic Logistic Two-step weighted linear regression®
DRI regression of | regression of Step 1: Data aggregated by
2003 disaggregate | disaggregate vehicle age, state group,
data data and calendar year
Step 2: Data aggregated by
vehicle make, model,
model ear, and body type
Single stage estimate of the effects of curb weight on F/VRY or
Kahane | F/VMT
2003 | Weighted logistic regression of disaggregate data

®Assumes that the variables in the two different steps are uncorrelated.
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1. Summary of the regression equations used in the Kahane 1997 and DRI
2002 reports

The main results in Refs 1 and 3 were based on aggregate linear
regressions, with exogenous control for the driver factors. These regressions
were accomplished in two steps for each crash type category as follows.

The step 1 regressions for each crash type category were based on the
following equation:

stepl

FS
g.cy,my
VRYngCy:my i

where the number of fatalities F and the vehicle registration years VRY have
been aggregated into “bins” according to

st — state group,
cy — calendar year, and
my — model year,

and where

Xj,sg,cy,my are the following control variables:

VEHAGE — vehicle age (cy-my)
BRANDNEW - “brand new vehicle” categorical variable,
1if cy=my
O otherwise.
STGP# — state group categorical variables
1if st=4#,
O otherwise.
CY# — calendar year categorical variables

1ifcy=#
O otherwise.
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bi are coefficients determined the linear regression analysis, and

€sg,cy,my are random numbers with an assumed statistical distribution.

The step 2 regressions for each crash type category were based on the
following equation:

exogenous step 2

F .
bin_ 5 b Xpin =bo, + 3Dk Xk pin *ebin (16)
i k

VRYin

log

where the data has been reaggregated into car group-make-model-body type-
model year bins, and where

VRY* is the number of vehicle registration years with adjustments
based on the step 1 regression results, as follows:

. stepl
VRYpin,st,cy,my = VYRYbin,st,cy,my X €XP Zbi Xj,st,cy,my (17)
i
Xj bin are the driver age and gender control variables (bin average),
bj are exogenous driver age and gender coefficients,
Xk, bin are the curb weight and other control variables,
b« are coefficients to be determined by linear regression, and
Ebin are random numbers with assumed statistical distribution.

Note that equations 15 to 17 are equivalent to equation 10, however the
statistical basis for the regression coefficients assume that the variables in
steps 1 and 2 are uncorrelated.
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2.  Summary of the regression equations used in the DRI 2003 report

The results in DRI 2003 were based on the following set of equations,

for each crash type category,'®

lo F - lo F +IogA +Iog£
Ivry |~ YA IE VRY
— —

Measure of overall Measure of Measureof crash avoidance
fatality risk crashworthiness &
crash compatibility

F.
log —— |=b +>b i Xjjte -
g[VRYj ] F/VRY,0 - F/VRY,i Xi j T €F/VRY,]

F.
|09[A—J.]= br/a0+ D DF/Aj Xi | +€F/A ]
j i—1

A
|Og[é]= bA/|E,0 +ZbA/|E,i Xi,j +eA/|E,j
] i=1

I 'Ej b b
ogl —— |= + i X +e -
g VRY; IE/VRY,0 & IE/VRY,i Xi,j T €IE/VRY,]

(18)

(19)

(20)

(21)

(22)

where A is the number of accidents and the “e” terms represent the random

variation in the data with assumed statistical properties.

The model coefficients are related as follows:

brvRyi =br/Ai +baIE +DIEARY,

Equation 19 is the same as equation 10, but the coefficients in this

(23)

equation were not estimated directly. Instead, the coefficients in equations

20 and 21 were estimated using logistic regression analysis of disaggregate

data®®, and the coefficients equation 22 were estimated using aggregate

9 Ref 4, Section II.G, pp 19-22.
2° op.cit., Section II.H, pp 23-26.
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regression analysis of aggregated data. The results from these regressions
were then combined using equation 23.

3. Summary of the regression equations used in the Kahane 2003 report

The main results in the Kahane 2003 report were based on the
following equation for passenger cars:

F.
log) ——|=by + S bixi : +e; 24
g[VRYJ—J 0 ZI: i%i, ] i (24)

and the following equation for light trucks:

F.
lo L 1y +Sbixi i +e; 25
g(VMTJ‘] ° ; R 20

The coefficients in these equations were estimated using logistic regression
analysis of disaggregate fatality and exposure case data. The exposure data
was obtained by weighting “non-culpable vehicle” induced-exposure data to
correspond to vehicle registration data.

E. DATA
4. Data sample

The geographic region, calendar years, and model years that were used
to assess the effects of vehicle weight and size on fatality risk are listed in

Table 5.

The results in the Kahane 1997 and DRI 2002 reports were based on
data for all passenger cars and light trucks in the model year range, except
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vans with curb weight greater then 4,000 Ibs and “incomplete pickups”?'?2,

As indicated in Ref 1, incomplete pickups are pickups sold by the original
manufacturer with a cab and chassis only, and may have a specialized body
built by somebody else.?®

The results for passenger cars in the Kahane 2003 report were based on
4 door cars only, excluding police cars®*. The results for light trucks did not

include incomplete vehicles®.

Table 5. Scope of Data Used to Assess Fatality Risk

Geographic
Report . Calendar Years Model Years
Region
Kahane 1997 usS 1989 to 1993 1985 to 1993
1985 to 1998 (PC)
DRI 2002 usS 1995 to 1999
1985 to 1997 (LTV)
1985 to 1998 (PC)
DRI 2003 7 States 1995 to 1999
1985 to 1997 (LTV)
Kahane 2003 us 1995 to 2000 1991 to 1999

5. Fatality data

FARS data were used to assess the number of fatalities at the make,
model, model year, and body type level of detail needed for these analyses.

6. Accident data for assessment of effects of vehicle size and weight on
crash involvement

2' Ref 1, pp 17, 65.
22 Ref 3, p 43.

22 Ref 1, pp 16-17.
2 Ref 2, pp 41-42.
% pp. cit. p 112.
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The DRI 2003 study used accident data obtained from 7 states to
assess the effects of curb weight and size parameters on the risk of fatality
relative to accident involvement, and accident involvement relative to

exposure.

The other studies did not analyze the effects of vehicle size and weight

on crash involvement.

7. Exposure data

All four of the Kahane and DRI studies used vehicle registration data
from the R.L. Polk NVPP database as the measure of exposure at the make,
model, model year, and body type level of detail.

In addition, the Kahane 2003 scaled the light truck exposure data to
vehicle miles traveled using annual mileage factors as a function of vehicle
age and light truck type. The annual mileage factors were estimated from
odometer data in the NASS/CDS database.

Driver age and gender and other factors associated with vehicle use
were obtained from induced-exposure data.

8. Induced-Exposure Data

“Induced-exposure” data are certain accident involved vehicle cases
that are assumed to be a representative sample of on-road vehicle exposure.
Induced-exposure data were used in the Kahane 1997 and DRI 2002 studies
to estimate driver age and gender exposure factors at the make-model-model
year-body type level of detail; and to estimate the effects of driver age and
gender on fatality risk for exogenous control.
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Table 6. Induced-Exposure Data

DRI 2002
Kahane 1997 Kahane 2003
DRI 2003
Criteria “Vehicles that had been standing still for Non-culpable®

some time, for a legitimate reason, and
got hit by somebody else”®

States 11 7 8
State-Years 41 34 40
aRef 1, p 20.
b Ref 2, p 31.

It is unclear whether “parked vehicles” or “non-culpable” vehicles
provide a more representative sample of the on-road vehicle exposure with
regard to driver age or gender. For example, driving experience may have
some effect on the likelihood of being involved in an accident even though
they were “standing still” or “non-culpable”.

F. VEHICLE WEIGHT AND SIZE PARAMETERS

The vehicle size and weight parameters considered by each of the
Kahane and DRI studies are listed in Table 7. The DRI 2002 and Kahane
reports only considered curb weight, which is assumed to be effectively a
surrogate for both size and weight in the reported results. The DRI 2003
report considered the separate effects of weight, wheelbase, and track.

In all of the reports, it was assumed that the natural logarithm of the
fatality rate (log(F/VRY)) was linearly related to the curb weight of the case
vehicle?®. The DRI 2003 report assumed that curb weight, wheelbase, and

26 There was a “case” created for every qualifying passenger car and light truck involved in a
qualifying crash. One case was created for each qualifying vehicle in a 1-vehicle crash,
and the qualifying vehicle is referred to as the “case” vehicle. Up to two cases were
created for each 2-vehicle crash, one for each vehicle qualifying as a “case” vehicle. In
each of these cases, the collision partner of the “case” vehicle was referred to as the
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track could have separate, linear effects on the natural logarithm of the
accident and fatality rates. The Kahane 2003 report assumed a piecewise
linear relationship in order to address a possible nonlinear relationship
between curb weight and the logarithm of the fatality rate.

Table 7. Size and Weight Parameters

) ] Kahane 1997
Size and weight
and DRI 2003 Kahane 2003
parameters
DRI 2002
Curb Weight Linear Linear Piecewise linear
Wheelbase No Linear No
Track No Linear No

G. CONTROL VARIABLES

The control variables used in the Kahane and DRI studies are
summarized in Table 8 and Table 9. Kahane selected the control variables
used in the Kahane 1997 study. The control variables used in the DRI 2002
study were the same as the Kahane 1997 study, with a few exceptions for
separate driver and passenger frontal airbags, and different categorical
variables for the different calendar years and states. The control variables
used in the DRI 2003 study were based on the variables used in the logistic
regression analyses described in Chapter 3 of the Kahane 1997 report.

The Kahane 2003 study used different categorical variables. Kahane
selected the candidate control variables, which were then screened based on
a criteria reported in Reinfurt 1976 (Ref 13). The candidate control variables
did not include any vehicle size parameters such as wheelbase or track.

“other” vehicle. The qualifying crash and vehicle criteria are described in more detail in the
each of the four reports.
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The DRVMALE variable in the Kahane 2003 study has the same effect
as the FEMALE variable in the other studies, in terms of controlling for
possible driver gender effects.

The Kahane 2003 study used eight variables to describe the driver age
effects compared to three variables in the Kahane 1997 and DRI studies. The
eight variables describe two continuous piecewise linear functions for male
and female driver age effects, with constant slopes between 14 to 30 years,
30 to 50 years, 50 to 70 years, and 70 + years. This potentially allows for
improved fit to the accident data, but the additional terms could also lead to
model “overparameterization”.
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Table 8. Control Variables Used to Assess for Passenger Car Fatality Risk

Control Variables Kahane 1997 DRI 2002 DRI 2003 Kahane 2003
Driver gender FEMALE?® FEMALE? FEMALE DRVMALE
Driver age YOUNGDRV*® YOUNGDRV*® YOUNGDRV M14 30, M30 50,
OLDMAN? OLDMAN? OLDMAN M50 70, M70 +
OLDWOMAN? OLDWOMAN? OLDWOMAN F14 30, F30 50,
F50 70, F70+
Night time NITE NITE NITE NITE
Rural RURAL RURAL - RURAL
Speed limit - - SPDLIMb55 SPDLIMb55
Car types CONVRTBL CONVRTBL CONVRTBL -
TWODOOR TWODOOR TWODOOR
STAWAGON STAWAGON STAWAGON
Vehicle age VEHAGE VEHAGE VEHAGE -
BRANDNEW BRANDNEW BRANDNEW
Drivetrain - - AWD -
FWD
ABS ABS4 ABS4 ABS4 ABS
Airbag AIRBAG® DRAIRBAG® AIRBAG DRVBAG®
RFAIRBAG®
State groups STGP1, STGP2 STGP1, STGP2, IL, MD, MO -
STGP4, STGPbH STGP4, STGPbH NM, NC, OH
Calendar year CY89, CY90 CY1996, CY1997 CY1996, CY1997 -
CY92, CY93 CY1998, CY1999 CY1998, CY1999
Road conditions - - WET -
SNOW ICE
Reference pp 113, 124, 127 Table 5.2, p 49. Table 3.2, p 29 pp 78, 81, 84, 85, 88

Notes:
2Exogenous input

®Not included in the principal rollover regression
°Not included in the principal rollover or hit pedestrian/bicyclist/motorcycle regression
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Table 9. Control Variables Used to Assess Light Truck Fatality Risk

Control Variables Kahane 1997 DRI 2002 DRI 2003 Kahane 2003

Driver gender FEMALE® FEMALE? FEMALE DRVMALE

Driver age YOUNGDRV* YOUNGDRV? YOUNGDRV M14 30, M30 50,
OLDMAN? OLDMAN? OLDMAN M50 70, M70 +
OLDWOMAN? OLDWOMAN?* OLDWOMAN F14 30, F30 50,

F50 70, F70+

Night time NITE NITE NITE NITE

Rural RURAL RURAL - RURAL

Speed limit - - SPDLIM55 SPDLIMb55

Car types SUvVv SUvV SUv SuUv
VAN VAN VAN MINIVAN

BIGVAN

Vehicle age VEHAGE VEHAGE VEHAGE VEHAGE
BRANDNEW BRANDNEW BRANDNEW BRANDNEW

Drivetrain AWD AWD AWD AWD

ABS ABS® ABS2° ABS2 RWAL

ABS4° ABS4 ABS

Airbag - DRAIRBAG - DRVBAG

State groups STGP1, STGP2, STGP1, STGP2, IL, MD, MO, HIFAT ST
STGP4, STGPb5 STGP4, STGPb5 NM, NC, OH

Calendar year CY89, CY90, CY1996, CY1997, |CY1996, CY1997, | CY1995, CY1996,
CY92, CY93 CY1998, CY1999 CY1998, CY1999 CY1997, CY1998,
CY2000
Road conditions - - WET WET
SNOW ICE SNOW ICE
Reference pp 131-133 Table 5.3, p 50 Table 3.3, p 30 pp 135, 137, 139, 141, 142,

144

Notes:
"Exogenous input

®Included only in the hit Pedestrian/Bicyclist/Motorcycle regression model

32




Table 10. Driver Gender Variables

Driver Gender FEMALE? DRVMALE®
Male 0] 1
Female 1 0]
Sources:

“Ref 1, p 38.

®Ref 2, p 24.
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Section V

REVIEW OF CRITICISMS OF THE KAHANE 1997 METHODOLOGY
EXPRESSED IN THE KAHANE 2003 REPORT

There were several self-criticisms of the Kahane 1997 methodology in
the Kahane 2003 report (Ref 2). Some of these criticisms are listed in Table
11 along with DRI's comments.
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Table 11. Response to Critisims of the Kahane 1997 Methodology Expressed in the Kahane 2003 Report

Kahane 2003 Report

DRI Comments

“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.” — Ref 2, p xii.

It is not appropriate to assume that “induced-exposure”
is equivalent to mileage and it would be erroneous to
make this assumption. The method used in the Kahane
1997 report is not sensitive to this assumption and the
1997 method is not flawed in this regard.

The issue that is being raised is whether the effect of
driver age (or more importantly, curb weight) on the risk
of fatality per vehicle registration year (F/VRY) can be
estimated using the following equation:

In(F/VRY) = In(F/IE) + In(IE/VRY)

where IE is the number of induced-exposure cases, and
where the effects on F/IE are estimated from logistic
regressions and IE/VRY are estimated from aggregated
linear regressions. The Kahane 1997 report indicated on
p 78 that the corrected curb weight “estimates make
more sense than the uncorrected numbers” and
reiterated this on p 135. The Kahane 2003 report again
confirmed on p 169 that this approach is “theoretically
unbiased”.

The real issue is the reliability of the IE/VRY coefficients
estimated by “the aggregate linear regression” method.
The reliability of these coefficients is supported by the
similar results reported in DRI 2002, using the same
method but based on more recent (and different)
calendar year data and a different set of states.
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Table 11. Response to Critisims of the Kahane 1997 Methodology in Expressed in the Kahane 2003 Report (cont’d)

Kahane 2003 Report

DRI Comments

“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:

- 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.

- 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.

- 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.” - pp 6-7.

The adjustment procedure that this is referring to are the
estimated effects of driver age and gender on the
number of induced-exposure crashes per vehicle
registration year (IE/VRY). Specifically, the coefficients
for YOUNGDRYV, OLDMAN, and OLDWOMAN in the
In(IE/VRY) regressions listed in Table 4-2 (p 74) and
Table 4-4 (p 77).

The Kahane 2003 report is declaring that the
adjustments for IE/VRY are adjustments for differences
in driver annual mileage (VMT/VRY). However, it is not
appropriate to assume that “induced-exposure” is only
proportional to vehicle miles traveled (VMT) and not
effected by other factors, as pointed out, for example,
on page 9 of Kahane 1997. For example, younger
drivers may be less experienced at avoiding potential
crash situations and more likely to put themselves at risk
of being hit while stopped in traffic (e.g., leaving smaller
gaps while stopped in traffic). Therefore, younger drivers
may be overrepresented in the induced-exposure data
and it is appropriate to correct for this
overrepresentation using the method described in
Kahane 1997.
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Table 11. Response to Critisims of the Kahane 1997 Methodology in Expressed in the Kahane 2003 Report (cont’d)

Kahane 2003 Report

DRI Comments

“These coefficients don't scream, “failed regression,”
even though that's what they are. They say the induced-
exposure crash rate increases by 2.78 percent for each
year-of-age that a driver is younger than 35, decreases
by 3.74-3.97 percent per year-of-age for older drivers,
and is about the same for males and females. After
controlling for driver age/gender, etc., the rate of
induced-exposure crashes per thousand years is almost
the same for light and heavy cars (only a 0.27 percent
reduction per 100-pound weight increase). The numbers
are not implausible, and the near-zero effect for curb
weight is conceptually reassuring.” pp 169-170.

If the regression results were “failed”, then it would
seem unlikely that the results would be reproducible by
other researchers (i.e., DRI 2002) using later data.
However:

- the estimated driver age and gender coefficients in the
DRI 2002 report (Ref 3, Table 4.2, p 42) were very
similar to the estimated coefficients in Table 4-2 of the
Kahane 1997 report, using data for different calendar
years and a different set of states.

- Kahane had also demonstrated the plausibility of the
estimated driver coefficients in Kahane 1997 by
comparing the number of induced exposure cases to
the number of vehicles by principal driver age and the
number of licensed drivers by age in the 1990 NPTS
data (Ref 1, pp 80-82).
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Table 11. Response to Critisims of the Kahane 1997 Methodology in Expressed in the Kahane 2003 Report (cont’d)

Kahane 2003 Report

DRI Comments

“The 1997 report went on to infer that, in passenger
cars, induced-exposure crashes are essentially equivalent
to mileage (or, at least, the mileage per induced-
exposure crash is the same for light and heavy cars).
Younger people drive more, older people drive less, and,
for drivers of the same age, heavy and light cars would
have nearly the same annual mileage. Since, on the
average, lighter cars have younger drivers, they must be
driven more miles per year than heavy cars. The high
fatality rates per year of light cars are partly due to their
high mileage. After adjusting for the extra mileage
attributable to young drivers (by using the exogenous
driver age coefficients) the 1997 report concludes that
light cars are not that much less safe than heavy cars.

That is a false conclusion based on a false premise.” —
p 169.

As previously indicated, it is not appropriate to assume
that induced-exposure is equivalent to mileage. The
log(IE/VRY) adjustment for driver age is not an
adjustment for extra mileage attributable to young
drivers, but was an adjustment for the effect that
“young drivers” might have had on the fatalities per
induced exposure (log(F/IE)) results, in order to account
for young driver overrepresentation in the induced-
exposure data, for whatever reason.
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Table 11. Response to Critisims of the Kahane 1997 Methodology in Expressed in the Kahane 2003 Report (cont’d)

Kahane 2003 Report

DRI Comments

“The 1997 report’s analysis of light trucks has an
additional flaw. It implicitly assumes that, given drivers
of the same age and gender, light and heavy LTVs
would be driven the same number of miles per year.
Since heavier LTVs have somewhat older drivers than
light LTVs, the [erroneous] exogenous driver-age
coefficients imply that heavier LTVs are driven fewer
miles per year than light LTVs. In fact, the NASS data in
Table 2-3 of this study show the exact opposite: heavier
LTVs are driven more miles per year than light LTVs, in
some cases substantially more, in spite of having older
drivers. The 1997 report inflates the per-mile fatality
rates of heavier LTVs when they should be deflated.
This is the primary reason that the 1997 report
associates a net fatality reduction with weight
reductions in light trucks, rather than a fatality increase
like the current study.” — p 173

First, Kahane's criticism assumes that “induced-
exposure” is equivalent to VMT and does not depend on
other factors.

Second, the annual mileage results in Table 2-3 based
on the NASS/CDS odometer data are not supported by
results from the 1995 NPTS data.
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Section VI

ADDITIONAL RESULTS BASED ON THE KAHAHE 2003 METHODOLOGY

One of the criticisms of the Kahane 1997 methodogy was that the
induced-exposure per vehicle year regression were “failed regressions”?’,
even though the method was “theoretically unbiased”. Possible explanations

for the regression “failure” could be that

- the variables in the step 1 and step 2 regressions were correlated,
resulting in a bias in the two-step regression result,

- the regression model was over parameterized with respect to the
aggregated data.

It is possible to re-estimate the effects of vehicle weight and size
parameters and driver factors on the induced-exposures per vehicle years
using the logistic regression methods described in Kahane 2003. This is done
in the following sections.

A. |E/VRY REGRESSION EQUATION

The number of induced-exposure crashes per vehicle registration year is
assumed to have the following form

IE
logj —— |=b bix; +e 26
g[VRYj O+Zi: iXj + (26)

were x; are curb weight and other variables. Results obtained by fitting
aggregated data using this equation were described in the DRI 2002 report.

27 Ref 2, p 169.
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Results obtained by fitting disaggregate case by case data using this
equation are described in this report.

B. IE/VRY LOGISTIC REGRESSION DATA SETUP

The effects of vehicle weight and size parameters on the induced
exposure crash involvement per vehicle registration year can be assessed
using weighted logistic regression analysis using the approach described in
Sections 2.6 and 3.4 of Kahane 2003%. The main difference in this analysis
is that the induced-exposure case data is used to represent both induced-
exposure and vehicle-registration year exposure. For each case, the vehicle-
registration years represent the number of “trials” and the number of
induced-exposure cases (= 1) represent the number of successes. Another
difference is that make-model-model year-body types without any induced-
exposure crashes but having non-zero registrations were not included in the
analysis?®.

A hypothetical example is as follows. For example, if there were
10,000% MY 1997 Ford Taurus’s registered in Missouri in 1998, and there
were 10 induced-exposure cases in the reduced data set®’, then there were
1,000 vehicles per induced-exposure case. Ten logistic regression case
records would be created, with 1 induced-exposure “success” for every VRY
number of “trials”, as indicated in Table 12.

28 Ref 2, pp 36-39, 75-77.

2 This treatment of low sales volume make-models is different than the treatment described
in Ref 2, p 37.

3% The number of registered vehicles has been rounded off for the purpose of this example.

3" The number of induced-exposure cases were reduced on a state and calendar year basis
to achieve a uniform ratio of 333 1/3 fatalities per 1000 induced exposure crashes, as
described in Ref 3, Section lll.B, p 29. This was done in accordance with the method
described in Ref 1, Section 3.2, pp 39-40.
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The passenger car logistic regression results reported in Section Il of
DRI 2002 were based on 99,220 induced-exposure cases®?. Of these cases,
1,198 cases were dropped because

- The number of registered vehicles was unknown,

- The model year was greater than the calendar year, thus the number of
registered vehicles as of July 1 of that calendar year may not be a good
indicator VRY for these model year vehicles.

- The number of registered vehicles in the state in the calendar year was
less than 100.

Therefore, there were 98,022 remaining cases available for the analysis
reported herein.

In a similar manner, the passenger car logistic regression results report
in Section Il of DRI 2003 were based on 99,166 induces-exposure cases,
allowing for unknown vehicle wheelbase and track data®:. Of these, 1,196
cases were dropped for the reasons indicated above, and there were 97,970
cases available for the regression analyses involving curb weight and track
reported herein.

32 Ref 3, Table 3.3, p 29; Table 3.4, p 31.
3% Ref 4, p 37.
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Table 12. Example Logistic Regression Cases for 1 Make-Model-Model Year-

Body Type in 1 State in 1 Calendar Year

Logistic Regression Case Data

Variable

1st case 2nd case 10th case | Aggregate
Number of successes L 1 1 Regression
(1 IE Case) Data
Number of trials (Avg. Value)

1,000 1,000 1,000

(VRYI/IE case)
CURBWT 3,326 3,326 3,326 3,326
WHEELBAS 108.5 108.5 108.5 3,326
TRAKWDTH 61.5 61.5 61.5 61.5
YOUNGDRV 8 0 0 3.1
OLDMAN 0 0 0 0.0
OLDWOMAN 0 10 0 2.0
FEMALE 1 1 0 0.7
NITE 0 0 0 0.0
RURAL 0 0 0 0.2
CONVRTBL 0 0 0 0.0
TWODOOR 0 0 0 0.0
STAWAGON 0 0 0 0.0
SPDLIM55 0 0 0 0.1
WET 0 0 0 0.0
SNOW _ICE 0 0 0 0.0
VEHAGE 1 1 1 1
BRANDNEW 0 0 0 0
IL 0 0 0 0
MD 0 0 0 0
MO 1 1 1 1
NM 0 0 0 0
NC 0 0 0 0
OH 0 0 0 0
CY1996 0 0 0 0
CY1997 0 0 0 0
CY1998 1 1 1 1
CY1999 0 0 0 0
IL-CY96 0 0 0 0
OH-CY98 0 0 0 0
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C. IE/VRY LOGISTIC REGRESSION RESULTS

The results of this regression analysis using these these variables,
excluding wheelbase, and track are listed in Table 13. In the regression, curb
weight is effectively a surrogate for both vehicle weight and size. These
results are the logistic regression counterparts to the aggregate regression
results in Tables 4.1 and 4.2 in Ref 3. The resulting driver age and gender
coefficients are similar to the “corrected” values used by Kahane to partially
explain the differences in the results in the Kahane 1997 and 2003 reports®*,
as illustrated in Figure 3.

Results including wheelbase and track are listed in Table 14. These
results are the logistic regression counterparts to the aggregate regression
results in Table 4.1 in Ref 3 and Table 4.1 in Ref 4.

34 Ref 2, p 171. Values were estimated based on analysis of NASS/CDS data.
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ALog(Induced-Exposure Crashes/Vehicle-Year)
o

Error bars are £2 sigma

YOUNGDRV/10 OLDMAN/10 OLDWOMAN/10 FEMALE

Regression Coeffient/Scale Factor

011 States, Aggregate regression, Kahane 1997, p 74

O 7 States, Aggregate regression, DRI 2002, p 42

O"Corrected"” values based on NASS/CDS data, Kahane 2003, p 171
O 7 States, Logistic Regression

Figure 3. Estimated effects of driver age and gender on induced-exposure
crashes/VRY
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Table 13. Logistic Regression of Passenger Car Induced-Exposure Crashes
per Vehicle Registration Year, not including Wheelbase and Track

Passenger Car: Weighted Logistic Regression
of Induced-Exposure Crashes per Vehicle Registration Year

Based on data for:
1995 to 1999 calendar years
1985 to 1998 model years
7 states: FL IL MD MO NM NC OH
116942232 vehicle registration years, 23.7%

98022 induced-exposure involvements
90217453 vehicle registration years
98022 cases

-2 Log likelihood (Deviance)= 31573.0

Indep. Regression Standard wald Pr >

Variable Coefficient Error Chi-Square Chi-Square
INTERCPT -6.1709 0.0239 66428.5325 0.0000
CURBWT -0.000159 0.000007 536.5568 0.0000
YOUNGDRYV 0.000216 0.000569 0.1440 0.7044
OLDMAN -0.005274 0.000695 57.5377 0.0000
OLDWOMAN -0.003014 0.000615 24.0090 0.0000
FEMALE -0.02183 0.00714 9.3364 0.0022
NITE 0.00632 0.00865 0.5330 0.4653
RURAL -0.00901 0.00847 1.1301 0.2878
CONVRTBL 0.3471 0.0246 198.8147 0.0000
TWODOOR 0.12696 0.00741 293.4990 0.0000
STAWAGON 0.3449 0.0171 406.7896 0.0000
SPDL IM55 0.00992 0.00983 1.0189 0.3128
WET -0.00968 0.00780 1.5389 0.2148
SNOW_ICE -0.0116 0.0242 0.2306 0.6311
VEHAGE -0.03821 0.00102 1406 .9050 0.0000
BRANDNEW 0.0282 0.0139 4.0773 0.0435
IL -0.3019 0.0113 716.4807 0.0000
MD -0.0155 0.0135 1.3260 0.2495
MO 0.3038 0.0113 719.0875 0.0000
NM 0.9481 0.0224 1796 .5068 0.0000
NC 0.2725 0.0102 720.1496 0.0000
OH -0.3809 0.0113 1139.0506 0.0000
CY1996 0.0162 0.0109 2.2342 0.1350
CY1997 0.0203 0.0102 3.9428 0.0471
CY1998 0.0264 0.0107 6.0877 0.0136
CY1999 0.0551 0.0105 27.7494 0.0000
IL-CY96 0.0538 0.0210 6.5616 0.0104
OH-CY98 0.0039 0.0224 0.0295 0.8637
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Table 14. Logistic Regression of Passenger Car Induced-Exposure Crashes
per Vehicle Registration Year, including Wheelbase and Track

Passenger Car: Weighted Logistic Regression
of Induced-Exposure Crashes per Vehicle Registration Year

Based on data for:
1995 to 1999 calendar years
1985 to 1998 model years
7 states: FL IL MD MO NM NC OH
116942232 vehicle registration years, 23.7%

97970 induced-exposure involvements
90189741 vehicle registration years
97970 cases

-2 Log likelihood (Deviance)= 31396.5

Indep. Regression Standard wald Pr >

Variable Coefficient Error Chi-Square Chi-Square
INTERCPT -4.7858 0.1517 994 .7640 0.0000
CURBWT 0.000002 0.000016 0.0134 0.9077
WHEELBAS -0.01401 0.00129 118.4805 0.0000
TRAKWDTH -0.00670 0.00266 6.3702 0.0116
YOUNGDRV 0.000193 0.000569 0.1148 0.7347
OLDMAN -0.005050 0.000696 52.6546 0.0000
OLDWOMAN -0.002972 0.000616 23.2993 0.0000
FEMALE -0.02011 0.00715 7.9183 0.0049
NITE 0.00608 0.00865 0.4938 0.4823
RURAL -0.00951 0.00848 1.2598 0.2617
CONVRTBL 0.2619 0.0257 103.8782 0.0000
TWODOOR 0.10661 0.00763 195.1501 0.0000
STAWAGON 0.3220 0.0172 349.3156 0.0000
SPDL IM55 0.01054 0.00983 1.1497 0.2836
WET -0.00991 0.00781 1.6111 0.2043
SNOW_ICE -0.0093 0.0242 0.1480 0.7005
VEHAGE -0.03891 0.00104 1406 .9379 0.0000
BRANDNEW 0.0375 0.0140 7.2109 0.0072
IL -0.2987 0.0113 698.4267 0.0000
MD -0.0120 0.0135 0.7853 0.3755
MO 0.3067 0.0113 730.3375 0.0000
NM 0.9511 0.0224 1807.2632 0.0000
NC 0.2738 0.0102 726.2171 0.0000
OH -0.3762 0.0113 1105.7896 0.0000
CY1996 0.0182 0.0109 2.8041 0.0940
CY1997 0.0242 0.0102 5.5816 0.0181
CY1998 0.0324 0.0107 9.1342 0.0025
CY1999 0.0629 0.0105 35.8220 0.0000
IL-CY96 0.0539 0.0210 6.5928 0.0102
OH-CY98 0.0036 0.0224 0.0259 0.8721
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D. SENSITIVITY OF THE PASSENGER CAR RESULTS IN THE DRI 2002
REPORT TO THE IE/VRY REGRESSION METHOD

The main results reported in the DRI 2002 report*® were based on
regressions using exogenous driver age and gender coefficients. The values
for the exogenous coefficients were calculated from the “Fatalities per
Induced-Exposure Crash” and “Induced-Exposure Crashes per Vehicle
Registration Year” driver age and coefficients listed in the DRI 2002 report®
using methods described in the Kahane 1997 report®’. The “Fatalities per
Induced-Exposure Crash” results were estimated by /ogistic regressions of
disaggregate data. The “Induced-Exposure Crashes per Vehicle Registration
Year” results were estimated by linear regressions of aggregated data. The
estimated effects of a 100 pound weight (and corresponding size) reduction,
and assumed corresponding changes in size, on fatalities, resulting from this

analysis are listed in columns A and B of Table 15.

If the /ogistic regression results for age and gender in Table 13 were to
be used instead of the aggregate regression results from Table 6.1 of Ref 3,
then the estimated effects of a 100 Ib passenger car weight (and
corresponding size) reduction would be those listed in columns C and D of
Table 15. These results are in more agreement with the results from the
Kahane 2003 report listed in column G. Note however, that there are other
differences which have not been accounted for. For example, the Kahane
2003 results were based on data for 4-door cars only, and excluded data for
police cars.

For comparison purposes, the results listed in column E and F were
estimated using only data for 4-door cars (4-door sedans and 5-door

3% Ref 3, Tables 6.4 and 6.5, pp 79-80.

3¢ Ref 3, Table 6.1, p 59.

37 Ref 1, pp 78, 80, 118-119. Kahane confirmed in Ref 2 that this was “theoretically
unbiased” (p 169), however Ref 2 also expressed concerns the aggregate regression
results that were used. The basic method described in a more general application in Ref 4,
pp 4-5, 19-24.
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hatchbacks), excluding Chevrolet Caprices and Ford Crown Victorias. These
results are not statistically significantly different from Kahane 2003 results,
as indicated by the differences listed in column H and the normalized
differences in column |. The results in column | indicate that the differences
are less than 1 standard error for five of the six crash types. The largest
difference is 1.4 standard errors, which is small compared to the +3-sigma
confidence bounds suggested in Kahane 1997°%.

Note that while the results in columns E and F of Table 15 are in good
agreement with the results in Kahane 2003, it may or may not be
appropriate to base the estimated effects of passenger car weight and size
reduction on overall US fatalities based on data for only certain types of cars

(i.e., 4-door, non-police cars).

38 Kahane suggested using a + 3-sigma confidence bounds to interpret the aggregate
regression results with exogenous control for driver factors because the exogenous
coefficients could have introduced propagated sampling or nonsampling errors (Ref 1, pp
138, 140).
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Table 15. Estimated Effect of a 100 Ib Passenger Car Weight Reduction and Corresponding Reduction in Size

on Fatalities

Column A | B c | b | E | F G H
Estimated % change in fatalities
, Plus
Using Exogenous
Crash Type DRI 2002 Driver Age and eiéﬁj%?rr] O(r;g/ Eri'ir(lgs Kahane E-G
Category Gender Coefficients g -ap 2003 E-G F
and Crown
From Table 13 Victori
ictorias
Estimate®* (1-sigma) | Estimate (1-sigma) | Estimate (1-sigma) | Estimate
Principal rollover 3.77% (1.37%) 5.44% (1.40%) 5.07% (2.45%) 4.89% 0.18% 0.07
Hit object 0.03% (0.49%) 1.70% (0.51%) 2.75% (0.78%) 2.44% 0.31% 0.40
Ped-bike- 2.39% (0.56%)| -0.74% (0.57%)| 0.25% (0.86%) | 1.43% | -1.18% | -1.37
motorcycle
Hig bit truck 1.20% (0.76%) 2.82% (0.76%) 3.58% (1.15%) 4.01% | -0.43% | -0.37
Hit another car® -1.21%  (0.47%) 0.47% (0.48%) 1.83% (0.73%) 2.03% | -0.20% | -0.27
Hit light truck 1.67% (0.60%) 3.33% (0.60%) 4.64% (0.91%) 4.12% 0.52% 0.57

Sources and notes
“Ref 3, p 79,
P Ref 2, p 172.

¢ The effect if the weight of the case car were to be reduced. The coefficient is doubled to estimate the effect if the weights of
both cars are reduced by 100 lbs.
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E. SENSITIVITY OF THE PASSENGER CAR RESULTS IN THE DRI 2003
REPORT TO THE IE/VRY REGRESSION METHOD

The estimated effects of a 100 |b passenger car curb weight and size
parameter reduction reported in DRI 2003*° were based on logistic regression
analysis of fatal accidents and non-fatal accidents relative to induced-
exposure crashes, and aggregate regression analysis of induced-exposure
crashes relative to vehicle registration years.

The estimated effects of a 100 |b passenger car curb weight and size
parameter reduction listed in Table 16 and Table 17 are based on the /ogistic
regression results listed in Table 13 and Table 14 instead of the aggregate
regression results for IE/VRY in the DRI 2003 report*®. Therefore, like the
Kahane 2003 results, they are not based on aggregate regression methods.

The results in Table 16 and Table 17 are also similar to the Kahane
2003 results, in terms of the overall effect of curb weight reduction and
corresponding reductions in size; but unlike the Kahane 2003 results, they
provide additional insight into the separate effects of weight and size
parameters on fatality risk, in terms of

- crashworthiness and crash compatibility (F/A),
- crash avoidance (A/VRY), and

- overall fatality risk (F/VRY).

These results are based on data for all types of passenger cars, not just 4-
door, non-police cars. These results confirm the main results from the DRI

3% Ref 4, Tables 5.1 and 5.2, p 57.
40 Ref 3, Table 4.2, p 42; Ref 4, Table 4.1, p 46.
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2003 report which indicate that curb weight reduction would be expected to
decrease the overall number of fatalities, but wheelbase and track reduction
would be expected to increase the overall number of fatalities.
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Table 16. Estimated Effect of a 100 |Ib Passenger Car Weight and Corresponding Size Reduction on 1999 US Fatalities
(based solely on logistic regression methods)

Table 17. Estimated Effect of a 100 |Ib Passenger Car Weight and Corresponding Size Reduction on

Crash Type Fatalities Estimated Net Change in 1999 US Fatalities due to®
in 1999 100 Ib 1.011in 0.34in Sum of Combined
us Curb Weight Wheelbase Track Width Weight and Size
Crashes?® Reduction Reduction Reduction Reductions

FIVRY® (25)| FIVRY® (25)] FIVRY® (20)| FIVRY® (26)
Principal rollover 1,663 -151 (68) 135 (46) 59 (34) 42 (89)
Hit object 7,003 -282 (127) 445 (81) -9 (65) 155 (164)
Ped-bike-motorcycle 3,245 -43 (78) -1 (54) 43 (40) -1 (103)
Hit big truck 2,496 44 (75) 30 (50) 41 (39) 115 (99)
Hit passenger car 4,047 -311 (124) 263 (84) 111 (65) 63 (163)
Hit light truck 6,881 -94 (138) 159 (94) 172 (72) 238 (182)
Overall 25,335 -836 (259) 1032 (173) 416 (134) 612 (339)

By Crashworthiness & Compatibility and Crash Avoidance

1999 US Fatalities,

Crash Type Fatalities Estimated Net Change in 1999 US Fatalities due to®
in 1999 100 Ib 1.01in 0.34in Sum of Combined
us Curb Weight Wheelbase Track Width Weight and Size
Crashes® Reduction Reduction Reduction Reductions
FIA®  (20)] AIVRY®  (20) FIA®  (20)] AIVRY®  (20) FIA®  (20)] AIVRY®  (20) FIA®  (20)] AIVRY® (20)
Principal rollover 1,663 -87 (74) -64 (58) 49 (50) 86 (40) -20 (37) 80 (29) -59 (96) 101 (76)
Hit object 7,003 -130 (125) -152 (82) 258 (79) 187 (55) -33  (63) 24 (43) 96 (161) 59 (108)
Ped-bike-motorcycle 3,245 -14 (84) -29 (65) 0 (58) 0 (46) -3 (43) 46 (34) -17 (111) 17 (87)
Hit big truck 2,496 40 (76) 3 (40) -11  (51) 41 (27) 33 (39) 8 (21) 63 (100) 52 (53)
Hit passenger car 4,047 -270 (121) -40 (61) 163 (81) 100 (43) 66 (64) 45 (33) -42 (159) 105 (81)
Hit light truck 6,881 -11 (136) -83  (62) 56 (92) 104  (44) 123 (71) 49 (34) 168 (179) 70 (83)
Overall 25,335 -472 (259)] -364 (153) 514 (172) 517 (106) 165 (134) 252 (81) 208 (339) 404 (203)

Sources and notes for Tables 5.1 and 5.2.
3IHS, cited in NRC 2001 Table 2-3 (Ref 9). "Based on effects of vehicle weight and size parameters estimated from 1995 to 1999 calendar year data for 7 states.
°Based on the estimated change in the risk of fatality per vehicle registration year (F/VRY) and assuming that number of vehicle registration years remains constant.
9A measure of crashworthiness and compatibility. Based on the estimated change in the risk of fatality per accident (F/A) and assuming that the number of accidents remains

constant.

°A measure of crash avoidance. Based on the estimated change in the risk of accident involvement per vehicle registration year (A/VRY) and assuming that the number of vehicle
registration years remain constant.

Bold numbers are statistically significant at the 0.05 level, i.e., the estimated value exceeds the *2 sigma confidence interval.
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Section VII

CONCLUSIONS

The results in the Kahane 2003 report do not conflict with the results in
the 2002 and 2003 DRI reports, considering the differences in the
methodology, assumptions, and data used. However, neither of the 1997
and 2003 Kahane reports addressed the separate effects of weight and size.
The sensitivity results in Section VI.E herein indicate that, using logistic
regression methods similar to those used in the Kahane 2003 report, while
the estimated combined effects of size and weight reduction are similar to
those of the Kahane 2003 report, the estimated effect of weight reduction is
to decrease the overall number of fatalities, and the estimated effect of
wheelbase and track reduction is to increase the overall number of fatalities,
as illustrated in Figure 1. Both of these effects are statistically significant at
the 0.05 level.

The sensitivity of estimated effects of passenger car and light truck
curb weight, wheelbase, and track reduction on crashworthiness-and-
compatibility and crash avoidance, reported in Ref 4 was assessed using a
new method described in Ref 2 that was suitably adapted for the purpose of
this analysis. These results were based on an analysis of six crash types
representing the majority of fatal crashes, in 1995 to 1999 calendar year
accident data from seven states involving 1985 to 1998 passenger cars and
1985 to 1997 light trucks. The differences in the results found in the 2003
DRI and 2003 Kahane report can be attributed to differences in data and
methodology; however, the overall conclusions of the 2003 DRI report are
not sensitive to these differences.
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Weight and Corresponding Size Reduction Results in the DRI 2003, Kahane
2003, and This Report
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These results confirm that overall, curb weight reduction tends to
decrease the overall number of fatalities, but typical corresponding
reductions in wheelbase and track tend to increase fatalities, as summarized
in Table 18. For example, in Ref 4 it was estimated that net change in
fatalities that would have occurred in 1999 if there was a 100 |b passenger
car weight reduction, while keeping the vehicle wheelbase and track
constant, would have resulted in a net decrease of 580 + 260 fatalities, out
of the 25,335 US fatalities involving passenger cars that occurred in 1999*.
The estimate would be a net decrease of 836 + 259 fatalities using an
alternative method to calibrate the induced-exposure crash involvement per
VRY using logistic regression methods described herein.

The overall estimated net change due to combined weight and size
reduction is similar to the result found in Kahane 2003. The remaining
differences can be attributed to differences in the data, assumptions, and
methods used, as described in Section |V herein. For example, the results
reported herein and in the DRI 2003 report were based on data for all
passenger car body types. The results in Kahane 2003 were based on data
for only 4-door cars, excluding police cars, which may or may not be
representative of all passenger cars.

41 Based on IIHS results cited in Table 2-3 of Ref 9.
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Table 18. Summary of Estimated Effects of a 100 Ib Passenger Car Weight
and Corresponding Wheelbase and Track Reduction on Fatalities

Estimated Net Change in Fatalities due to

. , ) Combined
Baseline | 100 Ib Curb 1.01 in 0.34 in )
Report o ] Weight and
Fatalities Weight Wheelbase Track S
iz
Reduction Reduction Reduction Pf
Reductions
Est. (20) Est. (20) Est. (20) Est. (20)
DRI
25,335 -5680 (260)] 368 (174)| 191 (134) -21 (340)
2003
This
25,335 -836 (259)(1,032 (174), 416 (134)| 612 (399)
report
Kahane
24,492 N/A N/A N/A 813
2003

Due to the methodology used (i.e., originally adapted from Ref 1), the

statistical significance of a trend is independent of the magnitude of the

weight and/or size reduction, provided the change is relatively small.** For

example, the results in Table 16 indicate that a 100 |b passenger car curb

weight reduction, controlling for wheelbase and track, would decrease the

overall fatalities by 836 + 259, which is statistically significant. Using the

same methodology, a 10 Ib weight reduction would result in a 84 + 26

decrease in the number of fatalities, which is smaller but still statistically

significant. Therefore, the trend that passenger car curb weight reduction

decreases the overall number of fatalities is statistically significant. This and

other statistically significant trends in the results for passenger cars are

summarized in Table 19.

42 This result is based on a linear assumption that should be reexamined for weight changes

much larger than 100 Ib.
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Overall, the results indicate that even using the new methods reported
in Kahane 2003, the previous results found in the DRI 2003 report still hold,
i.e., that reduced weight has a beneficial effect, and reduced size has
adverse effects. The results indicate the vehicle weight reductions, keeping
size constant, would be expected to have a beneficial effect on fatalities.
That the Kahane 2003 study reported other results seem to be a
consequence of not separating the effects of vehicle size from vehicle
weight.
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Table 19. Summary of the Estimated Effects of Passenger Car Parameter Changes on Fatalities Using an

Alternate Method to Estimate |IE/VRY Effects

Passenger Car Parameter

Estimated Net Change in 1999 US Fatalities®

Change Due to Crashworthiness Due to .
I ) Combined
and Compatibility Crash Avoidance
(F/A) (A/VRY) (F/VRY)

Est. (20) Est. (20) Est. (20)
100 Ib Curb Weight Reduction 472 (259) -364 (153) -836 (259)
1.01 in Wheelbase Reduction 514 (172) 517 (106) 1,032 (173)
0.34 in Track Reduction 165 (134) 252 (81) 416 (134)
Sum of Combined Weight and

208 (339) 404 (203) 612 (339)

Size Reductions

Notes:

®Based on 25,335 fatalities in 1999 US crashes involving passenger cars.
Bold numbers are statistically significant at the 0.05 level, i.e., the estimated value exceeds the +2 sigma confidence

interval.
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