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ABSTRACT

Occupant death nrcs in rollover crashes for utility vehicles, pickups, and passenger ca6 for
model year 1985-89 vehicles in single-vehicle crashes during 1986-90 were calculared. Small utility
vehicles had rhe highest rollover death rate, followed by small pickups. More lhan g0 percent of the
single'vehicle crash deaths in small utility veNcles involved rollovers. The Ford Bronco II, especially
the two-wheel drive version of this utility vehicle, had the highest rollover rate, followed by the four-
wheel drive Nissan 720 short bed pickup.
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It has long been known that some types of vehicles are morc likely than others to mll over.

Major afiention has been given to the panicular propensity of small utility vehicles to roil over. This

problem was fint identified in 1980 (Snyder, McDole, Ladd, and Mnahan) and has been confirmed

repeatedly during the 1980s (Reinftrn, Lina, Popkin et al., 1981; Reinfun, Sruffs, and Hamilron, 1984;

Partyka, Sikora, Suni, and Van Dyke, 1987; Roberuon, 1989; Srnith, 1982). The Jeep CJ-5, which

was found to have an exfiemely high rollover rate, was redesigned !o reduce its rollover propensity

and rcintroduced as the Jeep Wrangler (Reinfun et a1., 1981; Reinfurt, Stu$s, and Hamilton, 1984).

However, manufacturen have continued to ploduce utility and other vehicles with poor stabiiity

pmpenies (i.e., relatively high center of gavity and nanow track width) that make them more likely to

roll over. Although federal motor vehicle safety standards provide injury prevention measures once a

rollover occurs (e,g., Staldard 216, Roof Crush Resistance), there is currently no federal regulation

that deals with the propersity of vehicles to rcll over.

This rcport prEsents occupant death rates in single-vehicle crashes for r€cent models of small

utility vehicles and small pickups. For comparison, rollover rates of larger utiliry vehicles and

pickups, and cars of various sizes, are also presented.

METHODS

Occupant death rates per 10,00 re$srations for passenger cars, prckups, and utitty vehicles

wer€ calculated for model year 1985-89 vehicles in single-vehicle crashes during 1986-90. Fatality

data were obtained from the Fatal Accident Reponing System (FARS) (NIIITSA, 1991) and registration

data were obtained from R.L. Polk and Company (1991). FARS is a descriptive census of virrually all

fatal crashes that occur on public rcads in the United States. R.L. Polk data arc based on state

registration records. Occupant deaths were classified by occurrence of rollover and whether the

rollover was the fil$ or a subsequent event in the crash. Passenger cars were c]assified into six

wheelbase size categories 0ess than 95 inches,96-99 inches, 100-1&l inches, 105-109 inches, llGl14

inches, and great€r than 1 14 inches).
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Using criteria established by the Highway Loss Data Institure (HLDI), utility vehicles werc

classified into thr€e size categories based on wheelbase (less than 100 inches, 10G120 inches, and

mor€ than 120 inches) (HLDI, 1990). Pickups were classified into two curb weight categories using

the HLDI classifications of less than 3,500 pounds or 3,500 pounds or more. For small utility vehicles

and small pickups, individual make/series with at least 100,000 registrations were identified, If a

make/series underwent a design charge during the 1985-1989 model year that would be expected to

affect its crash protection capabilities, e,9., a signiflcant change in wheelbase, it was classified as two

separate vehicles. Thus, for example, the Nissan 720 shon bed pickup (1985-early 1986) was

classified separarcly from the Nissan D21 shon bed pickup oate 1986-89) because the wheelbase

increased fmm 101 to 1M inches.

Small utility vehicles and small pickups were funher classified in terms of whether they had

two-wheel or four-wheel drive and what pmponion of the vehicles had rear antilock brakes. Only a

few 1985-89 vehicles had antilocks, and many of those that did had them only for 1989 models. The

numbeN of vehicles with antilocks wer€ too small to allow meaningful analysis of the effect of

anfilocks on rollovers, ahhough this is an important question.

RESIJLTS

Occupant death rates in single-vehicle crashes for cars, utility vehicles, and pickups are

presente.d in Table l. In each vehicle category, the smallest vehicles had the highest death rates both

for rollover and noruollover crashes. Small utility vehicles had the highest rollover death rate (1.64)

per 10,000 registered and highest bral death rate (2.05) followed by small pickups (1.11 for rollovers,

1.73 total death rate). Midsize utility vehicles (0.78) and large pickups (0.72) had the next highest

rollover death rates, followed by srnall ca$ (0.68).

Table I also shows the percentage of occupant deaths in single-vehicle crashes lhat occur in

rollovers. This measure is another indicator of the relative proneness of vehicles to be in rollover

crashes. Eighty percent of the single-vehicle crash deaths in small utility vehicles involved rolloversi

in about half of all deat]$, rollover was the first evenl in lhe crash. For midsize and large utility

vehicles, more than 70 percent of the deaths in single-vehicle crashes occurred in rollovers; for both

pickup size groups, morc than 60 percent of all deaths in single-vehicle crashes involved roliover.
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Table 1
Occupant Doaths Per 10,000 Reglstraflons In Modol year 1985{9

Vehlclss Durlng 198e90 In Slngto Vehtct€ Crashss, and porcont ot Stngte
Vehlclo Occupant Oeaths Occurrlng In Rollovets

Rollover

Vehtcl.
Slze'

Numbar of
Reglstratlons

Atl
Slnglo
Vohlcle
Crashsg

lBt
Evenl

Subae-
queni Any
Evenl Rollover

Porcont of
Deaths
Occurrlng

ln Follovers

<95
s5.99
100-104
'105-109

110-114
> 1 1 4

< t 0 0
100-120
>120

<3500 lbs,
>3500 lbs.

Psttanget Cars

1.23 0.2816,377,767
31 ,323,146
47,065,228
31,846,2 '11
2s,765,224
I,681 ,177

2,289,700
7,8s1,046
1,1S1 ,s70

'18,570,084
'15,453,888

0.91
0.97

0.46

1.73
1 . 1 7

0 . 1 8
0 .  t 6
0.09
0.05
0.06

0 , 6 1

0.40
0.26
0.30
0 . 1 2
0.07
0 . 1 0

0.68
o.44
0.46
o.21
o . 1 2
0 .  t 6

1 , 1  1
0.72

Utlll ly Vehlclos

2.05 0.98
1.06 0.46
0.57 A.27

Plckups

0.66 't.64

0.32 0.78
0.17 0.43

0.50

(5s)
(48)
(48)
(3e)
(38)
(34)

(80)
(73)
(7s)

(64)
(62)

' Wheelbase size in inchos, or curb wsight.

Table 2 presen$ rollover death rates for the five individuat small utility vehicles with at least

1m,000 regisFations; Table 3 shows the sarne information for small pickups. Not ail vehicles existed

for all five model yean; if not the model yean included are listed for each make and series. Vehicles

arc listed in both tables fiom highest to lowest death rates in crashes with any rcllover, Among utility

vehicles the four-wheel drive FoId Bronco II, the Jeep CJ-7, and especially the two-wheel drive Ford

Bronco II had fatal occupant rollover rares thar were higher than the overall rate for all small uriliry

vehicies. The rale for the two-whe€l dnve Ford Bronco II (3.78) was by far the highest: 60 of the 62

occupan! deaths in single-vehicle crashes in two-wheel drive Ford Bronco II's occurred in rollover

crashes.

Among the 37 small pickups that met the exposure criterion, there was a wide range in

rollover rates, from 0.28 !o 2.94. Thineen pickups had mllover rares higher than the overall rare

(1.11) for all small pickups. Five four-wheel drive pickups had rollover rates higher than all small

utility vehicles except the two-wheel drive Ford Bronco II. These were the 1985-1986 model Nissan

.{.

L
i
I

4

:
t,

1

.

:,
i1

,:t

!

::

ii

s
f
I
il

,

J

:
ii

I



,'i
T

a

1

:
.lr
I
l!

i
1'

fl
?
I

:
5
a
4
,*
9
i,1

;
,q
l:

,=$
;
I
tl

I

l

i
il
I

i

i

o

T
]

'-

@

5

3

co

-

o
_o

(!

.>

3
I

o_

o

(!

o
-o

u
@

E
@

i
.:
. !

a 6 a 3
E e 9 g 9

F r t @ F
d ! \ 1 r

@ l ' - @ Oq q e | 4

( Y ) F O F
q q q 9

o o

F { U ' A J

a q q 0 q
ol at

c ' o o o t(0 Ot rt rO

o c r o @
c u ) c c
z z z

o o t h t t t
o o o o

E b b s
s ( \ t g ) c o
- j f d o i
( D N F F -
(\l (D (\r ct

N

(o
t .(')

l'-

t\
oi

o)
..,

ol

8

oz

o
or.

tl,

@
(o

o c o
P  = o r

=  = r -  - "  i : F

X -  ^  X o r  o ) =  t r  o
- ; i  F . X  F -  = X i  F b
Y  t i .  ? U r  V u . i  S N  v r t
c D R  9 R  c D * i  5 . o  = 9
x e  q e  x 5  6 5  ! b

, y  o  . ! ,  o  . * c )s - ? t ! - ) v )

IEFE

o
! ox r
= o
i a

5 - t r
o  . . = t
b P E E
4 - < t o

#;

t t  b

l l e E
l l

c  I

fl,l3 ss
E t  o l
o l  = l
rc lPl

sJ-l
; l  I  FE
o l
G I
6 l

El
I  o * 9

F,r5 e

g

llJ

a
g
o
ul
a,

=

E

€ "t c i E

EFi
aEE
B e 'P

* 8  =  Eg u o J . l

E E T ig fr€
> o A

5 E :
= >  6 )

E-O H
? grd

fl it
E



O O J O F F O T ( b . r r
f a - q q u ? u . l ' r i(\ (\t (\t F

t9 9!

! - l - \ r a D 9 r t O F O l @ A t F\ q a r o { q q e o l c
F O O O

! l r o $ J . 9 o u ? F ( ' , o -o ? - e c ? \ - - u . l a ( \ l
(!:) !) or (\J $i 6i si oi (\i .\i

$  $  s  $  9 9 I  s  g :

s
co

o r @
aO F\ CO F.

l t o t
. o ( o
o c i c i

F- dl

o

z
{ 9 9

E 2
@

oz
@

z

4

;

(o
oi

ctt
ol

E q q q
o o

AI
(Yt

Nt-
ol|o

@

oz

()
C\J

oc
oz

g)

o

z

'I

. s

a
r!
)
j

'|

:

ll

E  E  8  8  8 N  9  3  N  :
r l r f D @ U r ? l t r C h r O F O

5 i 9 . : e : - - " i - - ' i:  5  :  i i  U S  E  H  E  g
nt

E a a_ ; = f r
6 ' P 6 ' i ;c e : P 6 g E f l
H  ;  H  E  : : .  g

_ =  s  _ :  _ g  6  S  S  ? ^  _ 9 .  6
6 E  !  N E  x i  ^  O r  ^  E  d @  N  6  q ,r :3  _8  oB i . : I  F  i  E  ' i :?  c i i  F
F; 'rE f i ;  f ;E E 'si osP Sg F"P t
, 6  f  ( ,  i 6  ' t Y  , !  P i  P :  3 -  # 2  e

o

E€gEI * tg

o
o =
- - =

2 e

l l e :
l l ' � E
fl,lsssqt ol
E t  o l
Rln l
5 J l

il | r;
.{l-l= 
sle

o

o.
llJ

g

d
o

E

f ; r ! 3
b . 9 E E
c - < t D

$*

E

s E -
F . . B

E$E
E T E

E $Eg.;rE i
i g !

; F E
? g,i
E(/ ,



rl

{

!

'ai

: '
i

i
t*]
t
1
i

: , i

i
. . i

c) ro
ra) to

\ l 6 t

o o

z z

A | | ' a o
s ! \ l
o a c ;

o o {
t c ) d t
o o o

ct co oo
a ' 4 a

N

ci

o o

(\1 6l
( \ t @

a
a

@ o { u )
s @ h @

t\(r)
(.�l
ol

lro (o
: s o

I r . - t '

z

! ( o o r l
D S g g

t\|o

q) (r,
q o ! o l o l
F o o 6

( o ( o o
o{ (\l .!

2 9 2 2

o

o
o

@ o o t
@ l o r ' t
a c i c i

@ a 0 0
u ? \ \
0 0 ( )

o o r a o(\t co
6 i ; c i

t

oc
z

oz

oz

o

z

oz

t - ^

c i I
:  a  * ^

- - o  ;  - ' i
. : :  -  i  o F -
. = '  >  o r @
\ :  o  ! d )
o  Y  €  o -( J  o -

E
g ' : - $

a  H  ; 3  a  A  ;:  u  X ; H  f  o  - o
E t  EE;  l !  g  sE '

e;  f ,  n ; i .8  . - ;  S*  -E  *
_ o 3  _ 3  ! . e 3 *  E B  E o  d B
' 8 6 a  9 6  2 3 - o 5  E 6  s ;  E a

o
oz

o

z

o
z

(\r- lt)-

oi

8 f i $ a
ar' ta (o an

3 8 S R
F ( r ) N \ f

N i < t
t o a D 6
\ ot_
P P g

--

EEii
o

< 0
IE

o
o =o =
F . a= o

E  O C t
O L O O
Q  d = I
i O E F
& - < @

#t

E 6
l >
E ]IJ

EE

- o B
= 1 1
t E> o

o

oo
a.
UT

ct
g

a

-

$
o
E

.9
ot

6

I

I
I

o l

6 l

! t !q t o
o t =

gl"
: lrl
-gl

rl
t_
l<

t ' : -
E r ;
E E E

3 i  p -3gsEi
i$gi

i . 3
6 C =

; *  b
t s.i
6 E
3( / ,



I
3
*
'Ii

l

I

ii
;j

ta
g
ii

i:

f
I

3:
h

T

t:

.li

a
' t :

'ir
ij

$-s

1
I

:]

a 6 . a a o t r
9 s 9 9 9 9

@ N t A q F @ O O t O l r l
\ \ \ \ q q u . | ! l q ? a a
a o o o o o o Q Q o o

(\ rs

o c i

@ !t)
G I N
o c i

6l
o

ilo

to
ol

c,
@

ci
ot

to
(\l

N
t

N {( ' a o

o

zz

2  2 9 2  2  2  2  2  z  2z

c)

o

to

o

o ct GJ tt co
! D g g L

!g
atl
o

o @ F c t(Y) e) ot r+
o c i o c i

o

o o c ;

r r o r F o t
l ' - ( O N N

@ ( o

ci ct

ao (r)
ot (\l. ' o N

; ; o

ao
c)
ci

Na
o

'4

o
oz

F \ l ' o o

z z z
o

z
o

z

' l o ( O O ) N O @ $ l N F ( O
@ ( g ( \ l ( O i r F l O ( O a O c O
s- (\l- (o. N, q). Ot- '-: (\{ 9. (o- t-
9 F r I l o ) o ) n ) o v o c t o t
a r r q ( \ t d t c ! N @ o v N F .
c o \ t r . ) L o c ) ( o N U ) o l F

6'
.9
@ ^' s
g . @

t : 0 r ^ @- o @ } y o t ( P o t o )

P q : 9 @ o P:  6  4  g  F  * 3  i  EE 9 o Pt | r ,
i  F  . n  ^ =  - : -  o 6  - 9  l -u )  * o  o  , ,  P :  ! l r  [ ;  5 , *  u j ;  g _  . _  o )
a  ; e  F  n  i . ' ;  F E  A e  g F  X *  g P  E =

_ . q  , A  ;  , 1  , . i  " . , !  ( ! v  ^ q  r r o

{ 8 9 e U ; F E f i ; F e ! 1  * H g ; E ;
; ! o  6 =  6  6  ; ?  : 6  ; 2  e d  j j  P d  5 i i

o a t
t >
CT UJ

Eg

o B
= o
t E> ( )

.9
EN

6

E * g ;
$*8E

o

a . o
< o

o
b 9
F d

' r

E  ! .
6 ! O O

: q ) E F
r * < @

o
9 o
e 2

o

UJ

E

=

*
,ll

ilt

I
I
I
I
I
I

,l
o l
q l l

l;t 0,

oI 0
o t =
aEt o

8l '
o l
o1
: lrl
6 l

EI
I
I

l "

E E  -
e B :
_E ctt =

E E E

FE-9E
6T-E il
o -  P g

Egri
d e =
- ( ) 0

d ?  U
dt a: o
? 9 r
lo .=
8 ! o



i

i,

.l

t

:
4

:
.

.t
l

i
:

E
o

o

(!
o

o
a

.!
.}o
o

o

o

-!P
.9
@

o

o

t!

I

o
.;
E

o
o
o

t

i
I

@
(t

@
6t

&  E  R  & S  E  No o o o o o o

( ' ' $ o . o | / ) @ ( o
N  . \ l  ( \ l F  O
o o d o o g o

N r t @ ( ' ) F - | o @o r ( o o ( o o r o , @
d o - d o o o

(o c ) @
l o e )

ot ls aog) c) (?

@ ( i )

FI

( ' F o
n s q
o d c i

(D
ot

.D(D

o c t o

z z
o
oz

@

o
z,

o

z

o o Q t t ^ o o
z z - o g : 2 2

: t q c ) N . ! ' \ i | J )
l'\ ! (i, N (\l rl' (\l
o ) F u ) N ( D C t t
d t . j d F t ' l - r r l ' @ '
o ) F t ] ) ( \ t ( ' O
Ct (\ F (., (r)

@ @ @

. o , i ?
S E h g *= = s 9 +

E  * E  f E  B  k  3 $o  E !  E . o  5  _
E = P P P g u l P c - ; -
- - c 6  6 9  6 9  :  d € e  €  ; 5
" , o t n  O o F  O E  q  J 9 .  l l o  o o -
5 c o  ^ :  ^ :  . t  = X  ; -  ! ^

5 9  F ;  r ;  =  5 L  > . g  r Ei l , : . -  _ g U )  : q  o  9 -  # x  j o

I€5i
o

= . o
< o

#ss

= F$E
o
b 9
E 6

: E

Es I;
€s

o

o

c,
o
6

o
CE

5
o

o

6

Efi

o

oo

6

I

o

E

gF*
E$E

F E ; EgsEi
=g{E
; F E
q te,i
tat E
8(',



9

720 short bed and its successor D21 venion (1986-1989 models), Toyota shon bed lZ lon, Nissan

720 King Cab, and Ford Ranger.

DISCUSSION

Small utility vehicles as a group have the highest rate of fatal rollover crashes, followed by

small pickups. The Ford Bronco II, especialy the two-wheel drive version, stands out as the utility

vehicle with the highest rollover rate; the discontinued Jeep CJ-7 also has a relatively high rollover

rate. For two-wheel drive and four-wheel drive Ford Bronco II's combined, 88 percent of the single-

vehicle fatalities in these vehicles occun€d in rollovers, which is comparable to the Jeep CJ-5 rate of

83 percent found in the early 1980s (NHTSA, 1991; R.L. Polk and Co., 1991). The rare of occupanr

fatalities in rollovers was more than twice as high in the two-wheel drive Ford Brcnco II in this study

as in all other small utility vehicles -- a differ€nce comparable to the rollover rate difference found

between the Jeep CJ-5 and all other udlity vehicles reponed l0 yea$ ago in a Nonh Carolina study

(Reinftrt, Stutts, and Hamilton, 1984). The 1990 model year was the last year Ford Bronco II's were

manufactured; they have been replac€d by the longer and wider Fod ExploEr model, Nevertheless,

Ford Bronco II's ftom the 1984-1990 model yean will be on the roads for many years ro come.

Small utility vehicles have received primary aEention in regard to rollover propensity, but in

this study several small four-wheel drive pickups were found to have higher occupant death rates in

rollover crashes than all utiiity vehicles other than the Ford Brcnco II. These pickups lend to be those

with high center of gravity and nanow Irack width.

It should be noted that lhere are several newly introduced 199G1992 models of small utility

vehicles and pickups that were not included in the present study because sufficient data on their

exposure ard crashes arc not yet available. SmaI utility vehicles and pickups continue to be a

grcwing segment of the passenger vehicle market. It is possible to design these vehicles in such ways

that rollover is less likely; in fact, several of the smalt pickups had quite low rolover rates. However,

the reladve instability of some of these vehicles, and the high rollover ntes that result, indicate a

serious problem that has received far too little attention.
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